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PEEFACE TO THE FIEST EDITION. 


rimiS WORK was originally intended as a New Edition of 

Dictionary of Chemistry and Mineralogy ; but the great changes made 
in chemical science since the publication of the last edition of that Dictionaiy 
(1831) — changes, not merely consisting in the addition of new discoveries, 
but involving a complete revolution in the mode of viewing and 
expressing chemical reactions — have rendered it almost impossible to adapt 
any matter written so long ago to the existing requirements of the Science. 
The present must therefore be regarded as essentially a new work, in 
which only a few articles of Uee’s Dictionary are retained, chiefly of a 
descriptive character. In compiling it, the Editor has freely availed 
himself of the stores of information in Guelin's Handbook,*’ G£K]{arx>t* 8 
Chimie Organique,” Rose’s “ Traitd d* Analyse Chiniiquc,” Dana’s 
Mineralogy,” Rammelsbebo’s Mineralchemie,” the irandwbrterbjpcl'i 
der Chemie,” &c. ; and has endeavoured, by careful consultation of originid 
memoirs, to bring the treatment of each subject down to the present tini^ 
He has also been fortunate in obtaining the co-operation of several 
chemists of acknowledged ability and eminence, who have kindly con- 
tributed articles on subjects to which they Imve paid special attention 
a List of their names is given on the next leaf. 

The work is essentially a Dictionary of Scientific Chemistry, and is 
intended as a Companion to the New Edition of Uke’s Dictionary of Arts^ 
Manufactures^ and Mines^ to which therefore reference is, for the most 
part, made for the details of manufacturing operations;.; but those branches 
of chemical m a n u fc cture which have come into existence, or have received 
important developementa, sinoe the publication of that work, are descv0»ed 
in this Dictionary as fully as its limits will allow, and in att cases 
planations are given of the principles on which manufacturing proi(Hs^^ 
are conducted, and the chemical changes which they involve. Particulir 



Ti PREFACE TO THE FIRST EDITION. 

attention has also been given to the description of processes of Analysn^ 
both qualitative and quantitative. 

In order that the work maj^ aa far as possible, truly represent the 
present state of scientific chemistry, it has been found absolutely necessary 
to make the modern or unitary ** scale of atomic weights the basis of the 
system of notation and mode of exposition adopted. Especial care has, 
however, been taken that the treatment of all Articles which are likely to 
be consulted, for the sake of practical information, by manu&cturers, or 
others not exclusively occupied in chemical pursuits, shall bo such as to 
make them readily intelligible to all who possess a general knowledge 
of chemistry, though they may not have followed closely ^the recent 
developements of the theoretical parts of the science. Hence, in all such 
Ai*ticleB(as Acetic Acid, Antimony, Coppek, &c.) the formulee are given 
according to the old notation (printed for distinction, in Italics)^ as well as 
according to that adopted in the rest of the work. 

Temperatures are given on the centigrade scale, excepting when the 
contrary is expressly stated. 

HENRY WATTS. 

London : July 1863. 


PREFACE TO THE SECOND EDTIION. 


I N jthe seven years which elapsed during the printing of the First Edition 
of this work, the views of chemists respecting the atomic weights of 
some of the elements tmderwent considerable change, — certain metals 
which, in Gerhardt’s. unitary system, were classed as monatomic, being 
subsequently regarded as diatomic, and their atomic weights doubled 
accordingly. As the work went on, it was found necessary to modify the 
formula in accordance with this change of view, and hence the formulm 
in the different parts of the First Edition do not quite agree. In the 
present Edition the notation is rendered uniform throughout — the formula 
in the earlier voluilies being altered in accordance with the views now 
generally reotiCoJb^ The nature of this alteration will be understood by 
r^r^ce to the lutides Atomic Weights and Classification in VoL 1. ; 

Atomic WsiOHm and Classification of, in Vol. 111. ; and tiie 
lu^icle AtoHiciTY in the Supplemental Volume. 

HENRY WATTS. 

January 1872. 
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A 

iLBXCBXra. (Aphanesiie^ StraMers, Strahlenkup^er,) A nativo arsenato of 
copper, found chiefly associated witli other copper ores and veins, in Cornwall and 
in the Hartz. The ciystals belong to the monoclinic or oblique prismatic system, 
but they seldom exhibit any definite shape, being aggregated in radiating groups, 
or disposed, as extremely minute individuals, in cavities of qinirtz. Sp. gr. 4*2 
to 4*4, Hardness, 2*5 to 3. Translucent or opaque, with vitreous lustre. Colour, 
blackish green inclining to blue. Streak, bluish-green. Dana (Mineralogy, ii. p. 428) 
mves for this mineral the formula ZCuO,AsO^ + 3 CmO.HO,* or Cu’*(A80M* + Cu*H*0*, 
deduced from the analyses of Rammolsberg and Damour. L. O m e 1 i n (Ilandb. v. 47 1 ) 
gives the formula SCuO.AsO^ -f 6HOf deduced from the analysis of Cheneviz, who 
found 54 per cent, of protoxide of copper, 30 per cent, of anhydrous arsenic acid, and 
16 per cent, of water. 

JLBZBXZO iLCZS, C^H*^ ? When Strasburg or Canadian tnipentine 
tained respectively from Abies pioea and Abies hataamea^) is distilled with water; tHift 
residue exhausted with absolute alcohol ; the solution evaporated to dryness ; the 
sidual resin boiled with twice its weight of solution of carbonate of ^tassium ; tho 
alkaline liquid poured off ; and the residue, which is a mixture of abiotm and abietato 
of potassium, treated with 30* times its weight of water, ahictin separates in 
tho ciystalline form, while abietate of potassium remains in solution. ^ This solution 
may be decomposed by sulphuric or hydrochloric acid, and tho precipitated abiotic 
acid purifled by digestion in hot aqueous ammonia. As thus obtained, it is a resinous 
mass which dissolves easily in alcohol, ether and volatile oils, forming acid solutions, 
from which it separates in the crystalline state. At 66^ it becomes soft and trans* 
lucent. Its barium-salt is said to contain 191 parts of the acid to 76*6 parts at.) 
of baryta. The acid is perhaps identical with sylvic or pymaric acid. (Oaillol^ 
J. Pharm. xvi. 436 ; Gerh. iii. 656.) 

Prepared as above. It is a tasteless inodorous rosin, ins<^b]e in 
water, soluble in alcohol, especially at the boiling heat, also in ether, rock-oil, and 
strong acetic acid, and separates in the ciystalline form from these solutions by OTapo- 
ration. It melts when heated, and* solidifies in a ciystalline mass on cooling. It is 
not acted upon by caustic potash. (Caillot.) 

ABBJlXlTm (GismamUn.) A mineral of the zeolite flunily, containing, aocordil^ 
to MaiigoM^B aaalyu : 

4(^|2ffiO*) + 4Al»0*.Si0* + i8H*0: [Si - 3S; O 16]. 

ox 2{CaO^O).8iO^ + 2(^0».Sf0*) + 9HOi [SV - 21 ; O - 8]. 

It is found on VesuTsus, at Aei-Castello in Sicily, and at Capo di Bove, near JlolnSo 
It occurs united with Phillipmte in quadratic octahedrons, generally aggregated id 
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2 ABSINTHIN-ACEDMMB^ 

masses. Transparent or translncenf^ with greyiah-whito coloiu*. Hardness » 4’5, 
Sp. gr, = 2'26d. Giyes off one-third of ita water at 100^, Easily dissolves m aeida 
and gelatinises. It was formerly supposed to ba a variety of Phillipsite or li/Oe- 
harmotome; but it diifers fi-om harmotome in composition as well as in ciystalline form, 
the latter mineral crystallising in the diraetrie system. (Dana, ii. 322.) 

ABSlVrTBZir. The bitter principle of wormwood (Artemisia absin- 

thium). It is prepared in the pure state, according to Luck, by exhausting the leaves 
of wormwood with alcohol, evaxwrating the extract to the consistence of a sjTup, 
and agitating with ether. This ethereal solution is evaporated to dryness, and the 
residue treated with water containing a little ammonia, which dissolves the resin, and 
leaves the absinthin nearly pure. To complete the purification, it is digested with 
weak hydrochloric acid, wasned with water, dissolved in alcohol, and treated udth 
acetate of lead, as long as a precipitate is formed. After the r^oval of this precipi- 
tate by filtration, the excess of lead is precipitated by sulphuretted hydrogen, and the 
solution is evaporated. The absinthin then remains as a hard, confusedly crystalline 
maas, possessing an extremely hitter taste. It is but slightly soluble in water, very 
soluble in alcohol, and less so in ether. It possesses distinctly acid characters, and 
is dissolved by potash and ammonia. (Mein, Ann. Ch- Pharm. viii. 61 ; Luck, ibid. 
Ixxviii. 87; Gerh. iv. 258.) 

iLBSOBPTZOm’ or GA8SS. See Gases. 

AiCACnsr, or ACiLCZA-OiniK. Known in commerce US ^eoAnAinx 

and Gum. 

ACABZOBZTB* A variety of chabasito fi*om New Caledonia, distinguished by 
its largo amount of alkali. (Hayes, Sill. Am. J. [2] I. 122.) 

ACAJOU, The stem of the Acajou or Cashew-nut tree, Anaoardium occideniaU^ 
yields a yellow gummy substance, sparingly soluble in water, which is a mixture of 
ordinaiy gum and baSvSorin. The pericarp of the nuts of the same tree contains a 
large quantity of a red-brown resinous substance, which produces inflammiition and 
blistering of the skin. It may bo extracted by ether, and the ethereal solution when 
Ulowly evaporated, leaves a residue consisting of a network of small crystals of ana- 
cardic acid, soaked in an oily liquid called cardol, to which the resin owes its acrid pro- 
perties (Stud el CP, Ann. (!Jh, Pharm. Ixiii. 137). The name acajou is also applied 
to a gum and resin obtained from the stem of the mahogany-tree. The gum re- 
sembles that of the cherry-tree. 

ACAILOZB maBZir. The resin of XanihoTrhm hastiUSy a liliaceous tree grow- 
ing in New Holland ; also called resin of Botany Bay. It has a yellow colour, an agree- 
able. odour, and is soluble in alcohol, other, and caustic potash. Its potash-solution 
treated with hydrochloric acid deposits benzoic and cinnamic acids. Nitric acid con- 
verts it into picric acid, and so readily, that this resin appears to be the best raw material 
for obtaining picric acid. By distillation, the resin yields a light neutral oil, which ap- 
pears to bo a mixture of benzol and cinnamol, and a heavy acid oil, consisting of hydrate 
of phenyl, mixed with small quantities of benzoic and cinnamic acids. (Stenhouse, 
Ann. Ch. Pharm. Ivii. 84.) 

ACSCBBOBZBB OZ* BXiATZITUM, See Acstone, Decompositions (p. 29). 

ACBBZ AMZBB, When hydroehlorate of acetamide is heated in a sealed 

tube to 180^ — 200^, and the product afterwards distilled, or when acetamide is dis- 
tilled in a stream of dry hydrochloric acid gas, several volatile products pass over, and 
a residue ts left consisting of hydrochlorate of acediamine, mixed with sal-ammoniac. 
(See Acbtamide) : 

2C»H»NO + HCl = C*n«N». HCl + C^H^O* 

Acetamide. Hydroehlorate Acetic acid, 

or acediamine. 

• Alcohol extracts the hydroehlorate of acediamine from this residue, and deposits it 
by spontaneous evaporation in prismatic ci^^stals, which may be completely freed from 
aah^ng sal-ammoniac by solution in a mixture of alcohol and ether, and evaporation 
in vacuo. The hydroehlorate decomposed by sulphate of silver, yields the sxdphats of 
acediamine (G®II*N®)*.SO*II*, which crystAllises in colourless nacreous laminse, easily 
soluble in water. The aqueous solution of the hydroehlorate mixed with dichloride of 
platinum yields the ehloroplatinate of acediamine, 2(C*H®N*.HCl).PtCP, in rather 
laigfH hard, yellowish red prisms. 

AoetBamine is very unstable, and cannot ho obtained in the free state. When the 
sulphate or hydrochlohite is heated with potash or baryta, ammonia is given off, and 
an acetate of the alkali is produced : 

C^IPN^ + 2H»0 = C*n'0> -I- 2NH». 
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Acediamine may be regarded as ammonia in 'which 1 at. H is replaeod by the mona- 
tomic radical C*H*N (azethyl), its rational formula luring then N.H*. or as a 

double molecule of ammonia, having 3 at. H replaced by the triatomio radical 

C*H*, making its formula (0*11*)'" It bears the same relation to acetamide os 

ethylamine to alcohol : 

C®H*0 + NH* « CTI'N + H^O : and C=H‘NO + Nil* « + 1I«0, 

(Strecker, Ann. Pliarm. ciiL 328.) 

ikCEPSOSOBiriC dA.CXO and ACBPK088Z0 ACT'D* Compounds produced 
by the action of phosphonis on acetone (see page 28). 

jOlCSTAX. — [Or 111. ix. 38 ; Gerh. ii. 268.] A product of the oxidation 

of alcohol, first observed by Dobereiner, more fully examined l>y Liebig (Ann, Ch. 
Pharm. v. 25; xiv. 166), still further by Stas (Ann. Ch. Phys. [3] xix. 146), who 
first correctly detonniiied its einnirical forraul;i, anti finally by Wurts (Compt. rend, 
xlviii. 478 ; Ann. Ch. Phys. [3] xlviii. 370 ; Ann. Ch. Pharm, cviii. 81). It is also 
obtained from iildeliyde. (Wurtz and Frapolli, Ann. Ch. Pharm". cvii. 228.) 

I^cparathn, I, From Afci)hoL 1. lly tho imperfect oxidation of alcohol, under 
the influeiico of plutinum-blaok. Pieces of pumice-stone previoiwlv washed and 
ignited are moi.stt nt'd with nearly absolute alcohol, and plactnl at the bottom of a 
large widc-ncckial Husk, which is tlien filled up with capsules containing platinum- 
black, covered with a glass plate, and oxfiosed to a temperature of 20*^, till the wholo 
of tho alcohol is acidified. Alcoliol of 60 per cent, is then poured into tho flask, in 
quantity not quite suflicieiit to cover the pumice-stones, and the flask left to itself for 
two or three weeks in a room at a temperature of 20^, the ghiss plate being removed 
from time to time to admit fresh air. Tho thickish liquid is then drawn off, and tlio 
same process repeated with fresh alcohol, till several quarts of thickish acid liquid aro 
•obtained. This liquid is ucutraliaod with carbonate of jiotassiiim, saturated with 
chloride of calcium and distilled, and the first fourth of the distillate is saturated with 
fused chloride of calcium, wiiich separates from it a mixtuwi of alcohol, acetic ether, 
aldehyde!, and acetaL ■ Tho aldehyde is removed by distillation ov^ the watcr-lmth; 
the residue treated with strong potash to docompose tho aeotic ether; tJie alcohol 
removed by washing with water ; and the remaining liciiud, the acetal, dried over 
chloride of calcium and rectified. (Stas.) 

2^ By distilling alcohol with dilute sulphuric acid und peroxide of manganese. A 
mixture of 2 parts alcohol, 3 parts peroxide of manganese, 8 parts sulphuric acid, and 

2 parts water (the proportions given by Liebig for tho preparation of aldchydo), 
is subjected to distillation as soon as the frothing which first ensues htmeoaseu; 

3 parts of liquid are distilled* off; the distillate is rectified; and the portion which 
goes over, at 80° is collected apart from that which distils between 80° and 96°, 
The first portion is mixed with chloride of calcium and rectified, tho distillate 
obtained below 60° chiefly consisting of aldehyde, while above 60° a x)rodutl is 
obtained, wdiicli, when tr<*ateti with a strong solution of chloride of calcium, yields 
an ethereal liquid. The portion of tho former liciuid which came over between 80° 
and 96°, is also rectified, and the first portion of tho resulting distillate troatetl with 
strong solution of chloride of calcium, whereupon it likewise yields an ethereal Uc^uid. 
These ethereal liquids, contajiiing aldehyde, acetic ether, &c. itnd acctel are unite^ 
and shaken with causfic potash to resiniso the aldehyde and decom^xise tho acetic 
ether, Tho brown liquid which floats upon tho j>f>tjish-8olution is scparatetl and 
^stilled ; tho distillate again mixed with chloiride of calcium ; the liquid thus separated 
is heated to 100° for twenty-four hours with twice its volume of caustic potash in a 
sealed tube ; the lower stratum is rectified ; the distillate ^uin shaken with clilorldo of 
calcium ; and the separated liquid is digested with pulverised chloride of calcium, sinl* 
submitted to simple roctifleation. Pure acetal then distils over from 100° to 105°. 
(Wurtz.) 

3. By the action of chlorine upon alcohol, acetal being indeed the principal pro- 
duct of that reaction, so long os no substitution-products are formed : 

3C»H«0 + 2C1 - -f 2HC1 + H*0. 

Chlorine is passed through 80 per cen^ alcohol cooled to between 10° and 16°, till 
a portion becomes turbid on tho addition water, indicating the fomation of substi- 
tution-products. One fourth of the strongly acid liquid is then distilled off; the dis- 
tillate neutralised with chalk ; one fourth again distilled off; and tho distillate, cou- 
eisting of alcohol, acetic ether, aldehyde and acetal, treated as above to separate tlie 
acetaC (Stas.) 

Aocoriung to Lieben (Ann. Ch. Phys. [3] lii. 318), the chief products of wm action 
of chlorine on alcohol of 80 per cent, are monoehlorocctal and dichloracctal ip. 6.) 

IL From Aldehyde^ 1. By treating aldehyde with pentabromide of j^ioapfaorun, 

» 2 
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ii ^nVerted into bromide ofeihylidem CWBr? (a compound iwMneinc irith 
l^midd of athjiene), and acting on this compound with ethylate of hodiuin, 

+ 2C*HWaO « 2JSraBr + > 

This mode of preparation is, however, very troublesome, on account of the difflcuhy 
of obtaining the bromide of ethyl idene. Chloride of ethyHdene GI®, (produced by 
the action of pentacbloride of phosphorus on aldehyde) does not appear to yield acet^ 
when treated with ethylate of sodium. 

2. By passing hydrochloric acid gas into a mixture of 1 roL aldehyde and 2 vola, 
absolute alcohol immersed in a freezing mixture, whereby the compound C^S^GIO is 
obtained in the form of an ethereal liquid floating on aqueous hychroehloric acid, — 
and treating this compound with ethylate of sodium: 

CWO + C»H«0 4- HCl « C‘H®C10 + H*0 
and C*H«C10 + C«B:*^^aO * NaCl + C«H**0* 

(Wurtz and Brapolli, Gompt. rend, xlrii. 418 ; Ann. Ch. Fharm. cviii. 223.) 

Properties. — ^Pure acetal is a colourless liquid, less mobile than ether, having a pecu- 
liar agreeable odour and a refreshing taste, with an after-taste like that of hazel nuts. 
8p. gr. 0’821 at 22*4. Boils at about 105^ C., with the barometer at 0*768 met. 
'Vapour density — 4*141. 

it dissolves in eighteen times its volume of water at ordinary temperatures, the 
solubility increasing as the temperature rises. From the aqueous solution it is sepa- 
rated by chloride of calcium and other soluble salts. Kther and alcohol dissolve it in 
all proportions. 

Decompositions. — 1. Acetal is not altered by mere exposure to the air, but in contact 
with platinum-black it is quickly converted, flrst into aldehyde, and then into acetic 
acid : 

+ 20 == 3C«H*0 + 11*0. 


Acetal. Aldehyde. 

It is HkMlile oxidised by nitric and by chromic acid. 2. Caustic alkalies do not decom- 
pose it, frfbe air is excluded. 3. Chlorine abstracts hydrogen from it and forms sub- 
stitution-products. 4. Strong sulphuric acid dissolves and then decomposes it, the 
mixture taming black. 6. Hydrochloric acid likewise dissolves and blackens it, form- 
ing chorido of ethyl* 6. Pentachloride of phosphorus acts strongly upon it, forming a 
large quantity of chloride of ethyl, together with other products, 7. Heated in a sealed 
tube with several times its weight of glacial acetic acid, it yields acetic ether, more than 
1 atom of that compound being formed from 1 atom of ^cetal. 

These reactions tend to show that acotal is an ethyl-compound. Stas regarded it 
as a compound of 1 at. aldehyde with 1 at. ether : 

C*H^0 + « C*H*«0*; 

and 'W'urtz, in his earlier researches on glycol (Compt. rend, xliii. 478), regarded it as 
glycol ^ § 2 1 0*, in which 2 at, hydrogen are replaced by ©thyl^^^^y | O*. This view 

of its constitution was corroborated by the result of distilling a mixture of alcohol and 
wood-spirit with sulphuric acid and peroxide of manganese, whereby a distillate was 

obtained consisting of dimethylaie of ethylene and methylethylate of ethy- 

lene cH*^*n*{ Subsequent researches have however shown that acetal is not 

identical, but only isomeric with diethyl-glycol, ordiethylate of ethylene C*H*. (C*H*)®. 0*. 
For, when glycol C*H*.H*.0* is treated with sodium, 1 at. hydrogen is eliminated, and 
Hie compound C*H*. NaH.O* is obtained. This compound treated with iodide of ethyl 
yields ethylate of ethylene C*H\ C*H». H.0*, whence, by the action of potassium, the 
compound C*H\ C*H“ . K.O^ is produced ; and, lastly, this compound treated with 
iodiqe of ethyl yields diethylate of ethylene (C*H*)*. O*. Now this liquid has a 
spedifio gravity of 0*7993 at 0® C.. and boils at 123*5 C., whereas acetal has a sp. gr. 
or 0*821 at 22^*4, and boils at 105°, that is to say, 18°*5 lower. Recent experimenta 
by Beilstein (Ann. Oh. Phorm. cxii. 240) seem to indicate that the ration^ formula 
of acetal is O. 

Chloraestals (A. Lieben,Ann.Ch. Phys. [3]lvi. 313). Three of these oompoonds 
have been obtained ; viz. mono^, d/-, and tri-cJdoracetal. The two former areproduced 
by the action of chlorine on alcohol of ordinary strength (80 per cent.) 'When th^ 
chlorine has been passed through for some time, and the heavy oil which separates on 
addition of water is washed several tiroes with aqueous chloride of calcium, and snlt- 
mitted to fractional distOlation, it begins to boil at 80°, and the boiling point gradually 
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rises fo 200®j not» howeTsr^ remaining stationaiy at any intermediate point pop. 
tion which distils below 120® consists of aldehyde and compound ethers ; that wmeh 
distik above 120® (which u the larger portion) contains monoehloraeetal and dichlor* 
acetal. On again submittii^ it to fractional distillation, the greater part goes over 
between 170® and 186® ; this portion consists chiefly of dichloracetai, which may bo , 
obtained pure by subsranent rectification. To separate the monoehloraeetal, the por-* ’ 
tion of the second distillate boiling below 170®, and the portion of ^e first distifiate 
which passed over above 120®, are heated for several days with aqueous potash, 
whereby a watmy liquid is obtained, containing chloride and fiirmate of potassium, 
and an oily liquid consisting chiefly of monoehloraeetal mixed with dioliloracetal ; these 
compoun^ are finally separated by fractional distillation. 

According to Liebcn, tlie product of the action of chlorine on alcohol of ordinary 
strength does not contain acetal. This is contrary to the statement of Stas, who, in 
fact> prepared acetal by this very process. Probably the relative quantities of acetal, 
monoehloraeetal, and mchloracetal obtained depend on the duration of the action of the 
chlorine (compare page 3). 

Monochloraveial, C*H‘*C10*, is a colourless liquid, having an ethereal aromatic odour, 
and boiling at about 166®. Vajwur-density, by experiment 6’38 ; by calculation (2 vols.) 
6*29. It is perfectly neutral, insoluble in water, soluble in alcohol. It is not attacked 
by aqueous potash, and does not precipitate nitrate of silver. 

Dichtonuxtal^ C*H**C1*0* is a colourless neutral aiomatic Uquid of sp. gr. 1*1383 at 
14®. Boils at about 180®. Vapour-density, by experiment 6*46 ; by calculation 
(2 vols.) 6*436. (Liebcn.) 

Trichloracetal^ is produced, toother with dicliloracetal, by the action of 

chlorine on highly concentrated out not absmute alcohol. (Dumas, Lie ben.) 

ACWrjkXXtm, C*H*NO « K.mC»H»0. Produced: 

1. By heating acetate of ethyl with strong aqueous ammonia to ab^ 120®: 

C«H’O.CaH*.0 + NH* - OT».C*H*0 + C*H*H.a 

AceUte of eth jl. Acetamide. Alcohol. 

2. By the action of ammonia on acetic anhydride : - ’'r 

(C«H*Q)»Q + + C»H*O.H.O 

Acetic Acetamide. Acetic acid. 

. anhydride. 

3. By distilling acetate of ammonium (C*H*0*.NH* « C*H*NO + H*0). A huge 
quantity of ammonia is given off at first, then at 160® an acid distillate, consisting 
cliiffly of acid acetate of ammonium; above 160®, a distillate containing acetamide 
which ciystaUises in the condensing tube; and above 190® nearly pure acetamide. 
By saturating glacial acetic acid with diy ammoniocal gas, and then distilling, | of the 
acetic acid may be converted intc acetamide. (Kundig, Ann. Ch. Pharm. cv, 277.) 

Acetamide is a white ciystalline solid, which melts at 78® and boils at 221® or 222®. 

It deliquesces when exposed to the air, and dissolves readily in water. Heated ei^er 
with acids or with alkalis, it takes up water, and is converted into acetic acid and 
ammonia. — Distilled with phosphoric anhydride, it rives up water and is converted 
into acetonitrile or cyanide 'of methyl C*H*!n. — H eated in a st ream of dry hydtochlorio 
acid gas, it yields a liquid and a crystalline distillate, and a brownish non* volatile 
residue. The li<^nid portion of the mstUlato consists of strong acetic acid, together 
with small quantities of chloride of acetyl, and perhaps acetonitrile. The crystalline 
distillate is a mixture of hydrochlorate of acetamidg, and a compound of acetamide t 
and diacetamide C*H*NO.C^H’NO*; the latto compound may be extractol by other, 
in which the hydrochlorate of acetamide is insoluble. Tho non-volatile residue con- 
sists of hydrochlorate of acediamine mixed with sal-ammODiac.' The decomposition is 
represent^ by the following equations : 

2C*H*NO + HCl « C*H^O« + HHHn 

Diacetamide. 

2C^*NO + Hd - C?*H«N*HC ! + 

H/drorhIorata Acatle 

of ooedJanfne. acJd. » 

C»H»NO + 2HC1 - C«H»OOl + NH^Cl; OWKO - H*0 « C®»N. 

Cbloride of Acetonltrits. 

^ acolyl. 

Acetamide acts both as a base and as an acid, oombtmng’with hydrochloric and willi 
nitric acid, and likewise Ibrnung salts in which 1 atom of its hydxpgen is fe|daced by 
a metal. 

b3 
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Hydrochlorate of Acetamide, (C®II*N0)®,HC1 is prepared : — 

1. By mixing acetamide fused at a gentle heat with oxychloride of phoq^hems^ 
dissolving the resulting c^stcdliuo mass in absolute alcohoh and leaving the solntioii 
to cool, or better, mixing it with ether; hydrochlorate of acetamide is then obtained 
in colourless czystalline’needles. . The' ciystalline mass first produced, appears to be 
b compound of acetamide and oxychloride of phosphorus, and this, on addition ol 
alcohol, yields phosphate of ethyl and hydrochloric acid, which unites with the 
acetamide : 

2C*H*NO + POCl* + 3(C?H®.H.O) = (C=*H*NO)*.HCl + P(C^H'‘)«0« + 2Ha 

2. By directing a stream of dry hydrochloric acid gas on a solution of acetamide in 
alcohol and ether cooled from without, washing the resulting crystaUino mass with 
anhydrous ether, and dissolving it in warm alcohol. The solution on cooling, or more 
quickly on addition of other, deposits the hydrochlorate in crystals. This mode ol 
preparation is preferable to the former. The compound forms long spear-shaped ciy'sUils, 
having an acid taste and reaction, easily soluble in water and alcohol, but insoluble in 
ether. Heated in a sealed tube to between 180° and 200°, it decomposes, yielding 
tlie same compounds that aro obtained by heating acctiimide in dry hydrochloric acid 
gas. (Strecker, Ann. Ch. Pharm. ciii. 321.) 

Nitrate of Acetamide, C*H*NO,NO*H, is obtained by dissolving acetamide in cold 
strong nitric acid. It forms colourless acid crystals, which melt at u moderate heat, 
and detonate at a higher temperature, leaving scarcely any residue. 

Chloracetamides. — Monochlor acetamide, C-H^CLNO == N.II* (PH*C10, is 
obtained : 

1. By the action of ammonia on monochloracctate of ethyl : 

C’'H'C10.C*H^0 4- NH8-H.IP.C«H2C10 + C*H«0. 

2. By bringing perfectly dry ammoniacal gas in contact with chloride of mono- 
chloracetyl ; 

OTPCIO.CI + 2NH*wi 51.mC*H*C10 + KH^Cl. 

The product is a white amorphou^mass, from whicli absolute alcohol extracts the 
amide, and deposits it in large shining laminaj. The amide dissolves in 10 parts of 
water and lOj parts of alcohol at 24°, hut is very sparingly soluble in ether. It is 
decomposed by potash, yielding chloride and acetate of potassium. (E. Willin. Ann. 
Ch. Phys. [3] xlix. 99.) 

Triohloraceiamide, C®H*Cl^O » N.H*,C®CPO. This compound is produced 
by the action of gaseous or aqueous ammonia: 

1. On chloride of trichloracetyl : 

C^CPO.Cl + 2NH» = N.H®.C»CPO + NH'CL 

2. On trichloracetato of ethyl : 

C=01»0.0'H» 0 + NH* « N.mCPCPO + C^H«0. 

3. On chloraldchyde, C'CPO, or the polymeric compound, pcrcliloracetic ether, 
CWO«; 

C'Cr*0 -h 2 NH» « C*irCl»NO -I- NIPCl. 

Also by the action of ammonia on the perchlorinatcd ethylic ethers of formic, carbon ie, 
oxalic, aiid succinic acids, all these compounds yielding chloruldehydo when heated. 
The best product is obtained from pcrcliloracetic ether. The mass is treated 
witli cold water to dissolve the sal-ammoniac, and the residual tricliloraceturaide is 
crystallised from ether. It then forms snow-white wy^stalline lamiiife. It dissolves 
also in boiling water and in alcohol, and crystallises from the aqueous solution in ta- 
bular ciystals belonging to the rhombic system. It has a swectisli taste ; molts at 
136°, be^ns to turn brown at 200°, and boils at aliout 240°. It gives off ammonia wh»?n 
heated with pot;ish. Ammonia dissolves it after a while, and the solution yields, by 
uvniwration, beautiflil prisms of trichloracetato of ammonium. Anhydrous phos- 
phoric acid converts it into chloraeetoiiitrile or cyanide of trichloromethyl : Cl*NO 

— H*OacC’*Cl*N. ^Cloez, Ann. Ch. Phys. [3] xvii. 305; Malaguti, ibid. xvi. 5; 
Cahours, ibid. xix. 362; Gorhardt, Comnt. chim. 1848, 277; Traits, i. 760: 
Gm. ix, 270.) 

Tetraehloracetamide, C^C1^0-»N.H.C1.C®C1'’0; sametimes called chlora- 
cetamic acid, is formed by exposing trichloracetamide, slightly moistened with water, to 
the action of chorine in sunsliine. It then sublimes in needles, which may be purified by 
crratallisation from ether. It is permanent in the air, melts when heated, and partly 
aublimos undecomposod. It is nearly inodorous, but has a harsh disagreeable taste. 
Insoluble in water, but dissolves pretty readily in alcohol and wood-spirit, and veiy 
easily in ether. It dissolves without decomposition in cold aqueous alkalis, forming 
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cratoUuable salts. When boiled with potash, it gives off atmnonii^ and learoi jdila* 
ride and (Utfbonate of potassium : 

C*HCl*NO + 3H»0 « NH» + 4HCI + 2 CX)». 

(does, Ann. Gh. Phys. [3] xvii. 305.) 

Br<mactUtmideB and Iod<U!etamide9 are likewise known. 

BiAoniuciDE, C^H’NO* » NH(C*H*0)*, The ethereal solutltni iff the oomponnd of 
acetamide and diacetamide obtained by the action of hydrochlorio acid gas on see* 
tamide, deposits, when hydrochloric acid gas is passed through it, spicular crystals of 
hydrochlorate of acotamide, and the liquid filtered therefrom yiel^ by evaporation 
over sulphuric acid, crystals of diacotamide, easily soluble in water, alcohol, and ether. 
The crystals when boiled with acids ore resolved into acetic acid and ammonia, bu^ 
not so readily as acetamide. The alcoholic solution boiled with dichloride of plathiuin 
dcjMsits chloroplatinato of ammonium. (Strecker.) 

Ethtlacbtamidb. See Ethtlaminb. 

XdBRcuBACRTAMiDB, C^H"irg”N^O’. An oqueous solution of acetamide satniated 
with mercuric oxide deposits by evaporation in vacuo, colourless crystalline crusts 
sparingly soluble in alcohol. Mver-acetamide, C*H*AgNO, is obtained in a gim i l fff 
manner in crystalliue scales, 

Phenylacbtamide, or Acetanilide, see Phenylaminb. 

ACSTairJB. Synonymo of Ethylene and Olkkant Gas. 

AG8TXC ACrD. Essig&aurc, Aeide Antique. | 0, or 

The hyibate or hydrated oxide of acetyl ; it may be regarded as a molecule of water 
(Il^'O), in which half the hydrogen is replaced by acetyl .C®H*0. (It was fbrmorly 
Biippoaed to be derived from a radicle, C*JI\ also called acetyl, which, in combination 
M'ith 3 atoms of oxygen, formed anhydrons acetic acid and this in com- 

bination with an atom of water HO, formed hydrated acetic acid, 

C*H*0*] See Acetyl. 

Soiircrs, — Acetic acid exists, in nature, iitMhe on^c kingdom only, being found 
in the juices of many plants, especially ot tress, anA existing probably also in several 
of the animal secretions ; but more comfhonly iihresults firom the decomposition and 
oxidation of oiganic bodies. ^ 

Formation, — 1. By the destructive distillation of ovgaido substances, especidly of 
wood. — 2. By the action of oxidising agents, vis. atmospheric oxygen, chromic acid 
nitric acid, hypochlorous acid, &c., on alcohol and other organic bodies. — 3. By the 
action of hydrate of potassium or hydrate of sodium at a high temperature on various 
organic lx>dic8, e. q, succinic acid, oleic acid, malic acid, sugar, alcohol, &c. — i. By 
heating cyanide ot methyl with aqueous caustic alkalis : CH*.CN + 2IPO C*IPU* 
-p NH*. — 5. IJytlio action of carbonic anhydride on sotlium -nu'thyl; CO* + CII’Na 
C*H*XaO* (acetiito of sodium). — 6. By the reducing action of sine or sodium-amalgam 
on chloracctic acid. 

Frvparaii(*7i, — 1. Prom alcohol. Alcohol is converted into acetic acid by various 
proeefeses of oxidation; e.q. by the action of spongy platinum. If a tray of finely- 
divided spongy platinum be placed on a triangle over a porcelain dish containing a httle 
alcohol gently warnitnl, and tlie whole covert with a boll-gloss standing on a wedge, 
and open at the top so as to allow a gimtlo current of atmospheric air to pass through 
the apparatus, the oxidation of Uie alcohol proceeds rapidly^ acetic acid condensing in 
abundance on the inside of the bell-jar. 

By this prcKjess, however, much of the alcohol is converted into aldehyde, and lost 
by volatilisation. It would appear, in fact, that, in the formation of acetic acid by 
direct oxidation, aldehy<le is always developed as an intermediate product, especially 
if the oxidising influence be not sufficiently rapid — 

C*H*0 + O - (PB*0 -h H*0; and C^H^O + 0 « CTW. 

Alcohol. Aide- Aide- , Acrtjo 

hjde, . bfde, scld. 

The oxidation of alcohol by atmospheric oxygen is greatly pfcinotcd by the piesen^ 
of ferments ; and, in fact, in the ordinaiy processes for making vinej^, an ahy^E 
solution is expos^ to the joint influence of air and a ferment. In France ana Qit* 
many wine b usually employed, and in ^gland mnlt. 

WmE ViNKOAB (tVeinesnq, Vinaigre \ — The following is the plan of making vinew 
practised in Paris. The wuie destined for vinegar is mixed jn a large tun with » 
quantity of wine-lees, and the whole being transferred into cloth-sacks, placed within 
a large iron-bound vat, the liquid matter is squeei^Vtlirough the sacks by wpeni^ 
enm^nt prcssiuo. What passes throygh is put into large casks set and 
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liBTing » small aperture at tlie top. In these it is exposed to the heat of the ran iA 
eummer, or to Ihiat of a store in winter. Fermentation supervenes in' a few days. If 
the heat should then rise too high, it is lowered by cool air and the addition of fresh 
wine. In the skilful regulation of the fermentative, temperature consists the art of 
making good wine-rinegw. In summer, the process is generally completed in a 
foitni^t ; in wintor, dou^a^the time is requisite. The most favourable temperature 
is between 25® and 30® (7W and 86® F.). The vinegar is then run off into barrels 
containing several chips of birch wood. In about a fortnight it is found'to be 
clarified, and is then fit for the market. It must he kept in close casks. 

At the same time that the alcohol is thus acidified, the nitrogenous organic matters 
which have served as ferments have likewise assumed new forms, and settled at the 
bottom of the vessel in the form of a white gelatinons mass, known as ** mother ot 
vinegar.'* This substance, which has been described by Mulder as a fungoid plant, 
under the name of M^coderma Vint, is a nitrogenised body, which has the power of 
exciting the acetification of pure alcohol in the presence of atmospheric air, probably 
in consequence of its own tendency to change. By treating it with potash, the whole 
of the nitrogen^ removed, pure cellulose alone remaining. 

A slight motion is found to favour the formation of vinegar, and to endanger its 
decomposition after it is mado. Chaptal ascribes to agitation tho operation of thunder, 
though it is well known, thnir when the atmosphere is highly electrified, beer is apt to 
become suddenly sour, withotf .the concussion of a thunder-storm. Vinegar does not 
keep well in cellars exposed to the vibrations occasioned by tho rattling of carriages. 
The lees, which had been deposited by means of isinglass during repose, are thus 
jumbled into the liquor, and promote the fermentation. 

Almost all the vinegar of toe jiOrth of France being prepared at Orleans, the manu- 
facture of that place has acquired such celebrity as to render the process worthy of a 
separate consideration. 

The Orleans casks contain nearly 400 pints of wine. Those which have been 
already used are preferred. They are placed in three rows, one over another, the upper 
ones having an aperture of two inches diameter, kept always open. The wine for acc- 
tifi.cation is kept in adjoining casks containing beech shavings, to which tho lees 
adhere. The wine thus clarified is drawn off to make vinegar. One hundred pints of 
good vinegar, boiling hot,^ are ^st poured into each cask, and left thei^ for eight days; 
ten pints of wine are mixed in, every eight days, till tho vessels are full ; and the 
vinegar is allowed to remain tbis state fifteen days, before it is exposed for sale. 
Tho manufacturers at Orleauf prefer wine of a year old for making vinegar ; but if 
the wine has lost its extractive matter by age, it does not readily undergo the acetous 
fermentation. 

^ The tesed casks, called mothers, are never emptied more than half, but are succes- 
sively filled again, to acetify new portions of wine. In order to judge if the mother 
works, the vinegar makers plunge a spatula into the liquid; and according to tho 
quantity of froth which tho spatula shows, they add more or less wine. In summer, 
the atmospheric heat is sufficient. In winter, stoves heated to about 76® Fahr. main- 
tain the requisite temperature in the manufactoiy. 

Quick method of Vinegar •Tnakinq (^SchndtessigbereituTig). Since the efficient con- 
version of the alcohol into, acetic acid essentially depends u^n the completeness of the 
oxidation, the German chemists have proposed to promote this result by enlarging 
the surface of the liquid exposed to tho air. This is effected by allowing the alcoholio 
liquor to trickle down in a fine shower from a colander through a large oaken tub 
(called the vinegar generator, or graduator), filled with beech chips, up which a cur- 
rent of air ascends through apertures in the sides. By tho oxidation which goes on, 
the temperature of the liquid rises to 37® or 40® O. (100 or 104® Fahr.). The liquid 
requires to be passed three or four times through the cask before the acetification is 
complete, which takes place in twenty-four or thirty-six hours. Care sfarould be taken 
to allow a sufficient supply of air. 

^ In England the same result is often attained by causing the alcoholic liquor to be 
ffistributed bjr means of a Barker's mill or other contrivance, over the beech ahavings 
in a tun, whilst a curspnt of air is forced up through it by two fioating gasometers 
which ore made to rise and fall alternately by steam power. 

Wine vinegar is of two kinds, white or red, according as it is prepared from white or 
red^wine. It contains, besides acetic acid and water, sugar, colouring matter, gum, and 
Balts* especially bitartrate of potassium* Its specific gravi^ varies ftom 1*014 to 1*022. 

Max.t VnnwsAn,-— This is prepared from malt or a mixture of malt and raw barley, 
which is mashed with water as in the ordinary operation of brewing ; the wort is then 
submitted to the vinous fermentation and the liquor thus obtained is converted by 
oxida^n^into vinegar. This is effected in two ways ; either by the process of JUlding 

"^heufJdin^, that is, exposure to tho open air, is resorted to, tho wort most be 
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nadA in tSie aptii^ months, and than left to finiah dnrinfc 
vaim season. In consequence, therefore, of the length of ^we requiriid, the . latter, 
or Biovinff process, is more generally used. The'irludi ia introduced into baivali ' 
standing endways, tied over with a coarse doth, and {daoed dose together in darkened 
chambers, aitificiallv heated by a store. The liquor remains in these baiirels until ^e 
acetidcation is complete. This usually occupies sereral wedcq^ mont^ product 
is next introduced into large tons with f^e bottoms, on -imidi ro^ ^e reddliarT 
firiiit £nom the making of British wines) is placed, and allowed slowly to mter thfOUfi^ 
them. Below the f&e bottom and above the true one ia placed a t^p which aUcsrs 
the vinegar to flow into a back or cistern. From this cistem a pump raises the liquid 
Jx> the top of the vessel, and thence it flows through the rape to be again xetumed. Or 
sometimes the rape tuns are worked by pairs, one of them being quite filled with 
vinegar &Dm the barrels, the other only thi^ parts, so that ^ acetifleation is 
excited more readily in the latter than the former, and eve^ day a portion of the 
vinegar is conveyed from one to the other, till the whole is finished and fit Att sale. 

Molt vinegar has a yeUowish red colour, an agreeable acid taste, which ia due to 
acetic acid ; but the aromatic odour which distinguishes both it, and also libko vinegar, 
fi*om pyroligneous acid (to bo afterwards described) is imparted to it by the presence 
of acetic and other ethers. 

Vinegar of four different strengths is sold by the makersM^tinguiahed as Nos. 18, 
20, 22, and 24. The last, which is the strongMt, and is proof vinegar, contains 

6 per cent, of real acetic acid ; its speciflo gravity ia 1*018. (Pereira.) 

Vinegar is liable to undergo a putrefkctive decomposition, which was bdieved by 
the makers to be prevented by the addition of sulp|m^ acid, and they are allowed 
by law to add one-wousandUi part by weight of sulphipiBi^ keid. It is now knovm that 
this is unnecessary;, nevertheless the practice is stulowinued. 

Distiliju) Vinsoab. — ^B y submittiDg winoormalt^vinegar to ^stillation it is deprived 
of its colouring and othfr non-volatile matters, a colourless limpid lipoid being obtained 
which is known in commerce as distilled vinegaif The product is, however, always 
weaker than the vinegar fi‘om which it has been derived, l^ause the boiling point of 
strong acetic acid is above that of water ; it is also liable to be contaminate with a 
small quantity of alcohol and empyreumatic bodies. 

2. From Wood. Wood Viptboab, or Pykolionious Acp.— TO o greater part of the 
acetic acid now employed in the arts is obtained by the dostmetive distiUation of wood. 
The wood is heated in large iron cylinders like gas re^i^ connected with a series of 
condensing vessels, the uncondensable ga^ which are'OVO^Jped ip large quantity being 
conveyed by pipes into the fire and aiding to maintam the heat. The liquid which 
condenses in the receivers consists of water, tar, wOOd'Spirit or mcthylic alcohol, 
acetate of methyl, and acetic acid. The watery liquid, a^r being separated from the 
tar, is redistilled, the wood-spirit pLssing over among the first portions of the distillate, 
and the acetic or pyroligneous acid afterwards. The acid thus obtained is colour^ 
and has a strong tuny flavour, which cannot be removed by redistillation. To puri^ 
this crude acid, it is converted into acetate of sodium, either by direct saturation wth 
carbonate of sodium, or more economically by saturating it with carbonate of calciun^ 
and decomposing the calcium-salt with sulphate of sodium; and the acetate of sodium is 
purified from tarry matter, first by gentle torrcfaction, and afterwards by racrystaUisa- 
lion. It is then decomjx>sed by krong sulphuric acid diluted with haff its weight of 
water, whereupon the sulphate of sodium, being insoluble in acetic acid, separates in 
the crystalline form, and may be separated by simple decantation ; and the acetic add 
thus separated is purified from the last traces of sulphate of sodium by distillation. 

The process just described yields a veiy pure acid, but it is too expensive, princi- 
pally in consequence of the large quantity of fiiel which it requires. A more economical 
process has l>een proposed by V dlckel (Ann. Ch. Pharm. IxxxiL 49 ; Chem. Soc. Qm J# 
V. 274). In this process the crude wood-vinegar is immediately saturated with lime, 
without previous rectification. Fart of the ta^ matter then sc|>aratM in combination 
with the lime, while thk rest remains in solution with the acetate of calcinm. The li^'d, 
after being clarified by repose, or by filtration, is evaporated down to half its bnUc fn 
an iron pot, and mixed wuh a quantity of bydrochlone agid, sufileieat to give it a slight 
acid reaction. The greater part of the tany matter then separates, imd may be skimmed 
off from the surface. The hydrochloric acid also decomposes certain compounds of the 
lime with creosote and other volatile substances, which are then expellea ly heat ; 88" 
g^lons of crude wood-vin^ar require for nurification from 4 to 5 lbs. of hy^hfochloriq 
acid. The acetate of calcium thus purified is completely driedand distilled withhydw^ . 
chloric acid, 100 parts of the d^ salt requiring from 90 to 98 parts of hydrwhloric acid 
of Bp. gr. 1*18 (or 20® Bm.). 'ftie sp. gr. of tne acetic acid thus obtain^ is about 1*06 
(8® Bm.). If it contains hydrochloric acid, it may be purified by redistillation, 
addition of a small quantity of carbonate of sodium, or better 2 or 3 cent, of 
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bichromate of potassium, which, at the same time,- destroys certain orgeaie imparitieii 
that import a peculiar odour to the acid. 

/ /m of hydrochloric or sulphuric acid in vinegar is easily detected by hoil- 

the liquid for about twenty minutes with a small quantity of potato-starch, then 
leaving it to cool and ad^ngf a few drops of iodide of potassium. If the vinegar is 
pure, the blue colour pf iodide of starch immediately make.s its appearance, but not if 
sulphuric or hydrochloric acid is present, because these acids boiled with starch con- 
vert it intO'dextrin, which is not colourM blue by iodine (Payen). Sulphuric acid 
niOT also be deleted by chloride of barium, and hydrochloric acid by nitrate of silver. 

[For further details of the manufacture of acetic acid, see the fifth edition of Ur ^9 
Diotionary of Arts, Manufactvs'es and Mines, vol. i. pp. 5 to 20.] 

Cbystallisablu or Gi,aoiai. Acetic Aero. — This term is applied to the pure acid 
C*H*0*, [or 0*H*0*1^ of sp. gr. 1*0635, because it is at ordinary temperatures a crystalline 
solid. The acid obtained by either of the processes above described consists of this com- 
pound more or less mixed with water. On distilling this dilute acid, a wealcer acid 
passes over, find a stponger acid remains behind, because the boiling point of aqueous 
acetic acid increases ydth its concentration ; and by repeated fractional distillation, an 
acid is at length obtained which crystallises at a low temperature. Ciystallisable acetic 
acid is, however, more conveniently obtained by distilling certain acetates ift the dry 
atate with an equivalent quantity of concentrated sulphuric acid or disulphatc of potas- 
eium ; thua with acetate of potassium : 

2C*H*KO* + SO‘H« =» 2C*H<0* + SO*K*. 
and: OT»KO* + SO^HK =* 

The proportions required are 98 pts. of dry acetate of potassium, or 82 acetate of 
sodium, or 79 acetate of calcium, or 163 acetate of lead, to 49 parts.pf nionohy^atcd 
sulphuric acid, SO^II®, or 136 parts of disulphate of potassium, SO^HK. Glacial acetic 
acid may also be conveniently obtained from diacetate of potassium, 
by simple distillation. When neutral acetate of potassium is mixed with aqueous 
acetic acid, not too dilute, and distiUed, part of the acetic acid unites with the 
peutral acetate, and a weaker acid passes over. But as the distillation goes on, the 
acid potassium-salt decomposes, the distillate becomes continually richer in acetic 
acid, and at length the pure crystallisablc acid distils over. The temperature must 
not bo allowed to exceed 300°; otherwise the acid sufiers partial decomposition, and 
becomes coloured (Melsena, Compt. rend. xix. 611).— Crystallised acetate of cop^xr 
also yields glacial acetic acid, when dried at a temperature between 160° and 180° 
and afterwards distilled at a higher temperature. Towards tlie end of the distillation 
the acid becomes mixed with acetone: that which passes over towards the middle 
must bo redistilled to free it from copper mechanically carried over, probably in tlic 
form of cuprous acetate. The acid obtained by this process was formerly called 
S^iHtus Aervyinis or BpiriUis Veneris. 

Properties, — ^I’ure acetic acid solidifies at or below 15° C. in prismatic or tabular 
ciystals. In closed vessels it remains liquid at 12°, .and does not solidify till the 
vessel is opened and shaken. Its specific gravity in the solid state is 1*100 at 8-5 
(Persoz), It melts at 16° (Lowitz), at or above 22°'5 (Moll ora t), forming a 
tliin colQurless liquid of sp. gr. 1*063 (Mollerat) ; 1'066- at 13° (Persoz) ; 1-0635 at 
15° (Mohr); 1-0622 (S 6b illo- Auger); 1*08005 reduced to 0° (Kopp, Pogg. Ann. 
Ixxii. 1). It boils at 119° (Sebille-Anger); at 117°‘3 (Kopp). The density of its 
vapour is different at different temperatures, compared with an equal bulk of air at 
the same temperature. At tempera tumi considerably above the boiling point, it follows 
the ordinary law of condensation to 2 volumea; thus at 300° and upwards the sp. gr. of 
the vapour is found by Cahours to be 2-00, which agrees almost exactly with the calcu- 
lated density, supposing the molecule to occupy 2 volumes. For tlio atomic weight of 
acetic acid, compared with hydrogen as unity is 60 ( = 20 + 4H + 20 « 24 + 4 + 32) ; 
and if this be the weight of 2 volumes of the vapour, it follows that the weight of 
1 volume of vapour, or in other wortls, the specific gravity as compared with hydrogen, 
-will he 30 ; and multiplying this iiumljier by 0*0693, the sp. gr. of hydrogen referred 
to air as unity, wo obtain for the sp. gr. of acetic acid vapour referred to air as unity, 
the number 2*079. 

But at temperatures near the boiling point, the density of the vapour is much 
mater, exhibiting a condensation to g-volume, or even less. Tlie following table ex- 
hibits the deiidty of the vajwur at various temperatures as detemined by Cahours 
(Compt rend, xix, 771 ; xx, 51): 

Temperature. 126° 130° 140° 160° 160° 170° 190° 200° 230° 250° 300° 

Bezisiry. 3*20 3*12 2*90 2*75 2*48 2*42 2*30 2 22 217 2*09 2*08 

The tension of the vapour is 7 mm. at 15°; 14*5 mm. at 22°, and 32 mm. at 32°. 
(Bincau, Ann, Ch. Phys. [3] xviii. 226.) 



ACETIC A€ID- 11 

The acid haa a pnngenl sour taste %nd odour^ blisters the duii» and acts as an acrid 
poison. It does not redden litmus paper per 6e, but reiy strongly when mucod with 
water. 

Decompositions, — 1. The Taponr of acetic acid is indammable^ and bums iritih n 
blue dame, produciiig water and carbonic ^acid. When it is passed through a red-hot 
tube, the ^atcr part remains unaltered, but a portion is decomTOsed, yielding free 
. carbon and combustible gases, together ydth acotonc, napthalin, hydrate of phenyl and 
bonzoL (Berthelot, Ann. Ch. Phys. [3] xxxiii. 296.) 

2. A mixture of glacial acetic and strong sulphuric acid blackens when heated, 
givi^ off carbonic and sulphurous anhydrides. Fuming sulphuric acid mixes with 
glacial acetic acid without oTolution of gas ; but the mixture becomes hot, and if it be 
raised to a higher temperature, carbonic anhydride is ^ren oif, mixed witli only a small 
quantity of siupliurous anhydride. Stdpkuric anhydHde^ dissolves in acetic acid without 
evolution of gas, and on heating the mixture, sulphacetic acid is produced. 

3. Acetic acid is not sensibly attacked by nitric acid* 

4. Periodic acid converts it into carbonic or formio acid, with formation of iodio 
acid and separation of iodine. 

5. Chlorine in sunshine converts acetic acid into monochloracetic and trichloraoetio 
acids, the quantity of the one or the other being greater, according as the aoetio acid 
or the chlorine is in excess. See CHLORAomq Acn>. 

6. Glacial acetic acid heated ndth bromine in a sealed tube forms bromacetie and 
dibromacetic acids. Iodine has no action on acetic acid even in sunshine.' * 

7. With pentachloride pkosphortis^ glacial acetic acid forms hydrochloric 

chloride of acetyl and oxyduoride of phosphorus : . '".,i 

c*H*o.n.o + pcp.ci* - c-H*o.ci + nci + po.cp. * 

8. With pentaavlphide of phosphorus, it fonns thiacetic acid and phosphoTic 
anhydride : 

6(C*H»0.n.O) + P2S» = P^0*+ 6(OTI»O.H.S). 

The difference between the mode of action of the peiitnchlorido and pontasulpbido 
of phosphorus, the former giving rise to two distinct chlorine -compounds, C^IPO.Cl and 
IICl, whereas the latter forms only one 8ulplmr-com]>ound, is very remarkable,* and 
shows clearly the propriety of regarding cMorine os a monatomic, and sulphur us a 
diatomic radicle. 

Aqueous Acetic Acn>. — Acetic acid mixes with water in all proportions, impa^ 
ing to it its taste and smell. The density of the nqueous acid vairi(» with its 
strength in a^omarkablo manner. When water is gradually uddcai to glacial acetic 
acid, the density increases till a hydrate is formotl containing 79 Pta. of ciystiilliHCil 
acid to 21 water, and having the composition C*H^O*. Hi'G- This liydrabjd «eid has 
a density of 1073 and boils at 104®. All further additions of water diminish the 
density of the acid. 

Tho following table constmeted by IVTohr (Ann. Ch, Ph.arm. xxxi. 277) gives 
the quantity of ciystallisable acetic acid in 100 pis. of tho atiueous acid of different 
densities. 


Perc. 

Sp. Gr. 

Perc. 

Sp. Cr. I 

Perc. 

S|». tir 

Perr. 

Sp. CIr. 

JPrrp. 

8p. Or. 

100 

1*0636 

80 

1*0735 i 

Bai 

1*067 


lora 


1*027 

99 

10 C 55 

79 

1*0735 1 


1 066 


1050 

19 

1-026 

98 

1*0670 

78 

1*0732 

B9 

1*066 


1*049 

18 

1*026 

97 

1*0680 

77 

V 7 n 1 

67 

1*065 


1*018 

17 

1*024 

96 

1*0690 

76 

■ t n rfl 

66 

1*064 


1047 


1*023 

96 

1*0700 

76 

■ f rj ^ S 

66 

1*064 

35 

1*040 

15 

1*022 

04 

1*0706 

74 

1*0720 

64 


34 

1046 

14 

1*020 

93 

10708 

73 

1*0720 

63 

1*063 

33 

1044 

13 

1*018 

92 

1*0716 

72 

1*0710 1 

62 


32 

1042 

12 

1*017 

91 

1*0721 

71 

1*0710 

61 

1*061 

31 

1*041 

11 

1*016 

90 

10730 

70 

1*0700 

60 


30 

10 to 

10 

1*016 

89 

1*0730 

G 9 

1*0700 

49 

1*059 

29 

1*039 


1*013 

88 

1*0730 

68 ' 

1*0700 

48 

1*068 

28 

IPWM 

8 

1*012 

87 

1'0730 

67 

1*0690 

47 

1*066 

27 

1*036 

7 


86 

1*0730 

66 

1*0690 

46 

1*055 

26 

1*035 



86 

10730 

66 

1*0680 

46 

1*055 

25 


6 


84 

1*0730 

64 

1*0680 

44 

1054 

24 


- 4 

1*006 1 

83 

1*0730 

63 


43 

1*053 

23 


3 


82 

1*0730 

62 


42 

1*052 

22 


2 

1*002 1 

81 

1*0732 

61 


41 

1*051 

21 


1 
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ACETIC ACID. 


Holler at, Aon. Ohim. Ixviii. 88, and Toorn (J.pr« Ohem. vi. 171) hare 

also gtten t(|blo0 of tiie fspecific gravities of acefib acid of different degrees of concen- 

tbe preceding table that the specific gravity of acetic acid varies 
bnt of 1 per cent, corresponding to a difiTerence of only *001 in the 

density, som&tinies eTen lesSr For this reasox^ the determination of the strength 
of commercial a^tie acid by the hydrometer or ctcebom&teT^ as it is called when gra- 
duated for thii^XErpose^ is not much to be depended on. The presence of colouring 
matter, saline ribstances and other impnrities, which frequently occur in vineg», are of 
course an additional source of inacctira<y in this method of estimation. It is better, 
ther^r^^ .'determine the strength of the acid by ascertaining the quantity of a 
stand^lljdwtuiion of caustic soda or ammonia, required to neuti^ise a given volume. 
^3ee AmpniBTOT and Anajltsis, Voltjmetbio.) This method, when applied to acetic acid, 
u affect^ iriib asHgbt source of inaccurac]^, arising from the fact that the normal or 
^neutral acetates of Sxe fdk^dis ei^ibit a slight alkaline reaction. The error thence 
arising is, .however, of sm^ amo^t, not exceeding per cent, for an acid containing 
10 per cent, of crystallisahle aoetic^acid, as shown by Otto XAnn. Ch. Phann. cii. 69). 
Moreover, it may hb completely obviated by using aisolui^bn of cai^ic soda, graduated 
for the purpose by means of a solution ofpure acetic aetd of Icnown' Strength (Analysis, 
VoLiTHETnio). GreTj^lle Williams (l^arm. J. Trans, xiii. 694) recommends for the 
volumetric ^imation bf acetic acid a gi^uated solnjdon of lime in sugar-water. 

Acetio ^d' mixes in all pi^^^rtions 'with alcohol. * It dissolves resins, gum-rcsins, 
;M|)i|)hor, rad esimnti^ oils. Its tuie for culinary purposes is well kno-wn. Its odour 
‘^IWployed to roliove nervous head-ache, fainting fits, or sickness occa- 

signed by cro^eoTrgqi^. Pungent smelling salts consist of sulphate of potassium 
moistened with glacial acetic acid. Pyroligneous acid is largely used in calico-printing ; 
the tar and empyreumatic substances present in it appear to be rather advantageous 
than otherwise for that purpose. Large quantities of acetic acid are also used for the 
preparation of the acetates of lead, copper, aluminium, &c. (See Dictionary of Arts^ 
ManufactwrcBt and Mines,) 

Acetates. — Acetic acid is monobasic, the general formula of its normal salts being 
C*H‘0“.M or generally (C*H*0*)".M<"), the symbol denoting a metal whoso atom- 
icity is n. It also forms basic salts, which may be regarded as compounds of the 
normal acetates with oxides. The normal acetates all dissolve in water, and most of 
them readily. The least solublo^aro the silver and mercury salts, so that solutions of 
other acetates added to mercurous nitrate or nitrate of silver, thro-w down white 
shining scales of mercurous acetate or silver-acetate ; but generally speaking, aqgtates 
are not forniod by precipitation : they are produced by the action of acetic a^ m 
metallic oxides or carbonates ; many carbonates, however, the barium and calcium 
salts, for example, are not decomposed by acetic acid in its most concentrate state. 

All acetates are decomposed by heat, most of them yielding carbonic anhydride, 
acetone and an empyreumatic oil. Those which are easily decomposed, and likewise 
contain bases forming stable carbonates, are almost wholly resolved into acetone and 
a carbonate of the base ; this is especially the case with acetate of barium : 

(C*H»0*)W = + CO»Ba". 

Tlioso which, like the potassium and sodium salts, require a higher temperature to de- 
compose them, yield more complex products, but always a certain quantity of acetone. 
Among the products are found certain homologues of acetone, viz. mMylacetone 
C»II*(CH»)0 and ethylacetone C>II*(C*H«)0, together with duma»in C»H'®0. {Fittig, 
Ann. Ch, Pharm. cx. 17). Acetates containing weaker bases, give off port of the 
acetic acid undecomposed, the remaining portion being resolved into xE^ne rad 
carbonic anhydride, or if the heat be strong, jjnelding empyreumatic oil and charcoal ; the 
residue consists sometimes of oxide, sometimes, as in the case of copper and silver, ' of 
reduced metal ; in this case part of the acetic acid is burnt by the oxygen abstracted 
from the metal. Acetates heated with alai^ge excess of fixed caustic alkali, are resolved ' 
at a temperature below redness into marsh gas and alkidine carbonate, s.g,\ 

0*H>K0* + KHO - CH< + CO»B?. 

Acetates distilled with sulphuric acid, give off the odour of acetic adA and yield a 
distillate which dissolves oxide of lead, and acquires thereby an alkaline reaction. Dis- 
till^ with sulphuric and alcohol, thaj yidd acetate of ethyl, recognisable by its odour. 
The neutral acetates impart to solutions of ferric salts a reddish yellow or xed-hiown 
colour, according to the decree of dilution. Acetates heated to rednesa^th ai^ 
senious add give off the odour of cacodyl. The acetates of the alkali-met^ and 
probably others also, treated with oxychloride of phosphorus, yield diloride of aeetyl, 
together with a tribadc phosphate: 

3(C»H*O.Na.O) + PO.Cl* » 3C*H^Cl + PO'Na*. 



Acswo Acm IS 

Acbtatis op ALOMiNioif. — o. Drige§t^, Aluminium being raided as triPalent > 
(Al* H* or A1 •• H*) the normawi^ should be a triaeaUte (C*HH)*)*A1 or 
(C*H*0*)*.AI* [op A1*0*.30*H*0*, r^;arding it as a compound of ^ alumiM with 
anhydrous acetic acid]. This salt, howerer, eacista only in . 

pmed by evaporation. The solution is obtained by digesting xeos^^7|iM^|||«nSil 
tri hydrate of aluminium in strong acetic acid, or by pvecipitatiiig ay^utiDhW thi# 
tris^phate with acetate of lead : ^ 

(S0«)>A1* + 3(C»H»0*)Pb » 8SO«Pb + (C*H»Q»)*All4¥ 

'.ji ' ^ 

This salt is largely used as a mordant in dyeing and calioo>pnnting, and is genec^ly 
prepared for this purpose by precipitating alum with acetate of lead. ^ The sohl^n 
thus formed contains sulphate of potassium as well as acetate of aluminiunu:^^ ^ 

fi. Biacetate. When the solution of the triacetate obtained by deoompCMd|g^'||iaul>« 
phate of aluminium with acetate of load is evaporated at a low tempscatui^ with : 
sufficient rapidity, as by spreading the concentrated li^^id vsiy^^lhihly Oh/ w of * . 

glass OP porcelain, exposing it to a temperature not asoeodiSiill^^l^^ (87^'7'i3.), ond» 
as it runs together in .,^ps, rubbing it consta^y wiw a a^^la, SioMtate aj 

aluminium remains in the fc^ of a dry powder contaltlf^ |0* + 6H*0 

[or 2C*H*0*.Al*b* * dH*0]. The diacotate thus obtained dissolpes oa8il:)r and com- 
pletely in water, and the solution when heated disposHs dibydrate if aluminium soluble 
in water. (See Alumixouic,) - BuMthea tbe solution, instM of being qitlridy euapo* 
rated, is left to itself in the cold for some days, it dspo8ita^*wblte sahna hfM Fhi$^ 
is an allotropie diacetaie of alumiMium if^ubU ^ tisi^.c JlSeat Sf^fboti Ihi 
change more rapidly, and the insoluble diacetate then sepmj^ li: ftnwi 

granular powder. At the boiling temperature, the liquid is thui^:^il|^iT|!|l in half iite; 
hour of the whole of its alumina, which goes down with J of the^geetio am^ leaving | 
in the liquid. The insoluble diacetate digested in a largo quantity of wattt ip gradu- 
ally changed into the soluble modification, part of wliich is, however, decomposed 
during the process into acetio acid and the soluble dihydrato. (Walter Crum, 
Chem. Soc. Qu. J. vi. 21 7«) 

Acbtatbs op AmcoinTm. — a. Normal acetate. A white odourless salt, 

obtained by saturating glacial acetic acid with dry ammonia. It is very difficult to 
obtain in the cry stiiUine fount for its aqueous solution loses ammonia on evapora- 
tion, and is converted into 'i^ acid salt (3). It is readily soluble in water and alcohol. 
Its aqueous solution, known in the Pharmacopeia as Spiritue Mindereri, is prepared by 
saturating aqueous acetic acid with ammonia or ciirbonate of ammonium. This solution 
is triatmparent and colourless, with a peculiar odour and cooling pungent taste. When 
kept it is decomposed, and becomes alkaline, owing to the fonnation of carbonate of 
ammonium ; by heat it is converted into a solution of the acid salt (3). 

3. Acid Acetate, C»H*0*.NH^C*H«0* or C*H«0*.(NH*)»0 + C«H‘0».H»0. ObUined 
as a white crystalline sublimate -when dry powdered chloride of ammonium is heated 
with an equal weight of acetate of potassium or c^cium, ammquia being given off 
simultaneously. A warm saturated solution of this salt kept in a closed bottle de- 
posits long needle-shaped crystals. This salt is also obtained in a radiated crystalline 
mass, by evajxirating the aciueous solution of the normal salt (o). The crystals redden 
litmus and deliquesce rapidly in the air. They melt at 76® C, and sublime undeoomposed 
at 121®. The odmposition of this salt is probably that expressed by the above formula. 

AorrAiwqir 'BaRiini, (C’H*0*)’Ba'', — ^Prepared by decomposing cadxmate or sulphide 
of badiun with acetic acid. The solution evaporated at a gentle heat yields flattened 
prisiu containing (C*H*0*)*Ba*' + H®0, but when cooled to 0® 0. it yields rhomboidal 
prisms, isomerphous with acetate of lead, and containing (C“H*0*)*Ba'' + 3H’0. The 
crystals drii^ at 0® yield the anhydrous salt in the form of a white powder, which, 
when strongly heated, is resolved into acetone and carbonate of barium, 

Acktatb om Bismuth separates in micaceous laminse from a warm mixture of 
nitrate of bismuth and acetate of potassium. Acetic acid mixed with a sidntion of 
nitrate of bismuth prevents the precipitation of a basic salt of that metal by water. 

Acktats or Cadmium.— Small prismatic crystals very soluble in water (Str om ey er). 
According to Meissner and John, it is not crystallisable, but forms a gelatinous mass. 

Acctatk or Caacium, (C*H*0*)*Ca'’, crystallises in prismatic needles, which effloresce 
in the air, and dissolve in water and in alcobol. The salt is decompose by heat 
into apetoM and esrbonate of calcium, A solution of acetate and chloride of 
cium iii eqnilpdent proportions yields, by slow evaporation, large crystals containing 
.OCCS^ + 10H*0. 

AonAVw oF Small needles sparingly soluble in alcohoL 



o;r 0^^ ifdty H*0, is pi*odn<;edl>y 

‘WQini^ into a solpyon' of acetate of potaeaiTUn sodium,* 

It tepspm whicb. wh^n moist absorb oxygen very rapidly from 

, wsnbnstion.^ The cAwwntc salt is obtained as a ^een cry- 

water, by dissolving bromic hydrate in acetic acid * tlio 
liolt^CP 8<mrcely r^ . « y# 

jir^Co^T.-^The^^ liquid formej^y dissolving carbonate of cobdt in 
bjr^gjtaporafcion a red residue which turns blue when heated. It 
>0aJ|»fei«4.as a The oxides Co=fO» and Co*0* also dissolve in 

acei^" acid jfSpaimpw bjra^Eygen, forming brown solutions. The solution of 
^ the sesquiozide ifll^^DS hcj^t without decomposition . 

’ Acbtates op Acetate, (C^J1^0^)%Cn^y\ This salt sublimes 

towards the end of the distillation of normal cupric acetate. According to Serzelius, 
it Jsjwntained in common green verdigris, and sublimes when that substance is 
j&tnfa^ It forms soft, loose, white flakes, which redden litmus and have a caustic 
oKtrin^nt taste. Water decomposes it into normal cupric acetate and yellow cuprous 

Cwpric Acetates, — (Berzelius, Pogg. Ann. ii. 233; Traits, iv. 173 ; Gm. viii. 
323 ; Gorh. i. 728.) Pour of these salts are known, viz. : — 


Normal Cupric Acetate * . (C®RW)W' « . Cu"0. 

H' V Sesquibasie . , , 2{CnT=’0'-»)2Cu''. Cu"0 « 2C‘H«0«. SCV'Q. 

Bibasic . , . . (C=IP02)2Cu". CV'O - CIPO*. 2Cu"0. 

y Tribasic. . . ' .t (C^U30'‘')*Cu".2Cii‘'0 = CIPO®. 3Cu"0. 

^ The normal salt (C*H®0*j^Cu", called also Crystallised Verdigris, Verdet, Crist atix 
de Venus, is produced by dissolving cupric oxide or common verdigris in acetic acid, or 
by precipitating a solution of normal acetate of lead with sidphato of copper: in either 
case, tho liquid must bo highly concontruted and tiien left in a cool place. It 
forms dark bluish-groon prisms belonging to tho monoelinic system, and containing 
(C*IIW)'‘*Cu'' + 11*^0. Tho ordinary combination is ooP.OJ*^. + P. + 2Pao . Twin- 
crystals also occur. Ratio of the axes : a xbi c » 0*6473 1 : 0*6275. Inclination 
of the axes =» 63^. Inclinntifm of the faces, ooP: ooP in the plane of tho ortho- 
diagonal and tho principal axis — 108^ ; c»P : OP 106® 30' ; OP 4 2Poo — 
119® 4'. Cleavage parallel to OP and oo P. Tho salt is efilorqseent/soktble in water, 
spori^ly soluble in alcohol, and poi.sonoua like idl so1ublo.<;cGm^ Tllfe crystals 

after drying in vacuo at ordinary temperatures, ihiffer no flwtfiSp diminution in weight 
at 100°, but givo ofi’ 9'6 per cent, of water between 110® and, 140°, then nothing more 
below 240® ; between 240® and 260® strong acetic acid, which when rectified yields 32 
per cent, of tho crystal Usable acid ; at 270° white fiimes which condense into white flakes 
of cuprous acetate ; and lastly a mixture of c.irbonic anhydride and a combustible gas. 
At 330® the decomposition is complete, and a reddish substance remains consisting 
chiefly of ipetallic copper. The solution boiled with sugar yields a red precipitate of 
cuprous oxide. Acetate of copper crystallised at a temperature near 8®, yields crystals 
containing (C>H»0*)*qii" -h 6H»0. 

2. Tho basic cupric acetates are contained in common verdigris (vert-de-gris, 
Grunspa9i), a substance obtained by exposing plates of coppe^ to the air in contact 
with acetic acid, and much used as a pigment and as a mordant in dyekstt wool black. 
There are two varieties of this sul^stance, the blue and the green, the ^liep ebnsist- 
ing almost wholly of dibasic cupric acetate, the latter of the SesquibAsio salt mixed 
with smaller quantities of the dibasic and tribasic acetates. The bibdsio salt or blue 
verdigris is prepared at Montpellier and in other parts of the south of IVance, by ex- 
posing copper to the air in contact with fennenting wine-lees, Tho wine-l^ are 
loosely packed in casks together with straw, till they pass into the state of ace^c^ fer- 
mentation ; and when that is ended, they are arranged in pots ^vered with in 

alternate layerewith rectangular plates of copper, which when us^ for the first time, are 
previously moistened with a cloth dipped in a solution of normal acetate of copper, and 
then dried. At the end of three weeks, the plates are taken out ; placed in an upright 
position to dry ; dipped sixor eight times in water in the course of as many weeks ; and 
again left to dry, during which operations the verdigris continually swells up. It is 
then scraped ofl^ the plates again arranged alternately with sour wine-ices, and the 
same processes are repeated till the plates are quite corroded. The^^ne compound is 
obtained by exposing copper plates to damp aipln contact with nond^^tate of copper 
made into a paste with water. It forms delicate, silky, blue, myiAjilliffc andecal^, 

which yield a beautifhl blue powder. They contain 6 at. water, wilsih rift off at 

60®, and are then converted into a green mixture of tho monobasi^ilid^^t&rii^alt 

2{G*H»0*)»Cu.CuO « (C»H*0»)*Cu + (C*H*0«)»Cu.Gu0 





w 


B7 repeated eihaastiDii with water* it is tesolTod inte tlM iiisolttble tribal 
and a solution of the normal and sea^basio salts : * 

6(C*H«0«.2Ctt0) « aCuO) + 2C%W.8CttD 4- O^HWCuO. 

The following table exhibits the composition of sevend kinds of bine yerdigris;as^^^ 
determined by Berselius and by Pfi^ips^ ^ ’ 

' - .Phllllpt. - 

French. Bngllth. 

B<*rso1{us. , CmtolKiwd. Com 

S ' 


Calculation. 

2CuO 

6H*0 . 

Impurities 


160 

102 

108 


43*24 

27A7 

2919 


48*34 

27-45 

29 -^ 



^ 29 i 
25*51 
0*62 


370 .100*00 . 10000 . 1000 .10000 .100-00 -^^^^^ 

The sBsquibasio acetate is obtained in a state of purity by adding ammoni^^ eiA|8 
portions to a bailing concentrated solution of the normal salt, till the 2>rocipitate itLHM* 
redissolved, and leaving the solution to cool ; or by treating common grooit V0[SKpi|L' 
with cold or tepid water* and leaving the filtmto to evaporate. It is then dopositeilr 
in bluish scales containing 2(C'‘11^0‘)=*Cir.Cu''() + 6H*0. It gives off half its water 
at 60^, and becoracs greenish. ' ^ 

Green Verdigris^ according to Berzelius, is a mixture of this salt with stmill 
ties of the bibusic and tribiisic salts, sometimes also containing cuprous acetate ana 
impiiritios. It is nmiiufacturod at Qrunoblo by i^uhntly sprinkling copper^^|{^- 
with vinegar in a warm room ; and in Sweden by disposing copt)cr-pIates in lilteigMlNl 
layers with tlanne! cloths soaked in vinegar, till the green salt begins tt» form,Tnon 
exposing them to the air and frequently moistening with water. The greenest kind 
contains, according to Berzelius, 49 9 per cent, of cupric oxide, and 1.3*5 pojr cent, of 
waUT and impurities ; the pur© sesquiluwic salt contains 43*5 per cent. CuO, 

The iribaeic acetate, (C*IPO*)*Cu^2Ctt*0 + 2ir-*(), is the most sUblo of all the 
acetates of copper. It is obUiined by exhausting blue verdigris with water; also by 
boiling the acpieous solution of the nonual salt, or by bail.ing it with alcohol, or again 
by digesting the same solutibn with cupric hydrate. The last method yields the salt 
ia the form of a green powder; as obtained by the other methr^^lH, it forms a bluish 
powder of ffno needles pr scales. It gives off its water iit 160®, and decom- 

poses at a higher noetic acid. Boiling water decompdjHs and 

turns it brown. . The wsowu siSwblraee thus foimu d was regarded by Berzelius as a 
peculiar basic acetate* osntaining 0*H*O*.48Cu"O ; but it is luoro probably a mixture 
of the tri basic salt with excess of oxide. 

Acetate of Copper Calcium, (C»H*0*)*Ca''.(C2H*0*)*Cir + 811*0 — Obtained 
by liciiting a mixtari^ stem of normal cupric acetate and 1 atom hydrate of CHdeium 
with 8 times its weight of water and sutBcient acetic acid to dissolve tJio prccipiUited 
oxide of copper, and evaporsuing the green filt^to. at a tempomture between 25® 
and 27®. It forms large* blue* transmrent, sqnaro prisms, often converted into 
octagonal prisms by truncation of the lateral edges. They eflloresco slightly in the 
air ; fall to powder at 75®, giving off acetic acid ; and dissolve readily in water. 
Aodtheir epprico-caleic acetate, (C*H*O®)»C^",{C*lI*0p*Cii".2Cu''O + 411*0, often 
exists imcryltalllsed verdigris : its optical properties differ from those of the normal 
cupric acetate. 

Acei<MirsehiteofChpper. (C*H*0*)*Cu".3(AsO*)*Cu",orC*H*0*.Cu''Cr-|. 3(As*0*.Ca"0). 
— Schtoeinfurt green^ Imperial green^ MitU green, and when mixed with gypsom or heavy 
spar, Neuwieder green. Mountain green. Used as a pigment, and prepared on the large 
Bcali^by mixing afsenious acid with cupric acetate and water* 5 parts of terdigris are 
ISkode np to a thin piete, and added to a boiling solution of 4 parts or rather more of 
Orsenious acid in 50 paiits of water. The boiling must be well kept up, otherwise the 
precipitate as8umes% yellow-green colour, from formation of arsenite of copper ; in 
that case, acetic acid must be added, and the boiling continued a few minutes longer. 
The precipitate then becomes ctystalline, and acquires the fine green colour peculiar 
to the aceto-arsenite. The salt is insoluble in w'ater, audUwhcn boiled with water for 
a considerable time* becomes brownish and gives up acetic acid. Acids abstract the 
whole of the eppper, and aqii^MS ridlcalis 6rst semiate blue cupric hydrate, which, 
when IxxUed the lknid, is conUhd^ black cupric oxide, and afterwards into 
red eupcOuS uaifljBk on iSudine axsenaia being formed at the same time. 

. — a, Ferveue Aeetale. When metallic iron or the protosulphiile 
oootic acid* and the solution concentrated, small colourless silky 
dissolve easily in water, and rapidly absorb oxygen from 

V 
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A ‘ T&irio dissoMng ferric hydrate in acetic acid, or by decom- 

pooh^a solution of ferric snlpirto 'with acetate of lead. It is un^stallisable and 
Teiy soluble ih u»ter, fo^Emhie^a Ircd-^ illttble also in alcohol The 

aqueous solution, when le^ m' a elbite of ebullition for about 12 hours, undergoes a 
remarkable modMcation, aCquixthg a colour, and remaining clear when 

viewed by transmitted lights bat appeann^i|l^>aquc and opalescent by reflected light. 
At the same time, it loses entirely me met^c taste df^n salts, and acquires that of 
vinegar ; it forms a brown instead of a blue precipitate inith fenocyanide of potassium, 
and no longer exhibits the diaracteristic red colour with sulphocyanides. Traces of 
sulphuric o^ phosphoric acid, or of alkaline salts, j[>recipitate the whole of the iron in 
the fbnn of a red-brown pr^pitate, which, at oimnaiy temperatures, is perfectly in- 
soluble in acids, even fhc^most concentrated; hydrochloric and nitric acids throw 
down a red gramjar precipitate, which, when perfectly freed from the acid mother- 
liquor, dissolves easily and completely in water. (P4an de St. Gilles, Ann. Ch. 
Phys. [8]^xlvi. 47.) (See Supplement.) 

A mixture of the two acetates of iron, called pyrolignite of iron (liquenr de ferraiUe, 
houiUon noir), is prepared on the largo sciile by treating iron with wood-vinegar, in 
contact with the air. It is used as a mordant for black dyes ; also for preserving 
IfFood. 


Acetates of Liai).— T he normal acetate (C*H*0*)®Pb", or PV'0.C*H®0* {Sugar of 
leadt saccharuiti Satumif sel de Satume^ Bleizuck&r^ is prepared by dissolving oxide or 
carbonate of lead in acetic acid, wood-vinegar being used on the large scale, or by 
iiiimersing plates of load in vinegar in vessels exposed to the air. It crystallises in 
prisms containing (C*H*0*)^Pb’* + EPO, and belonging to the monoclinic system. 
Ordinary combination : oo P . OP . oe P oo , sometimes with the face OP predominating, 
BO as to give the crystals a tabular form. The length of the orthodiagonal is to that of 
the clino-diagonal, as 0*4197 to 1. Inclination of the axes = 70° 28\ Inclination 
6f the faces: oo P : oo P « 128°; oo P : oo Poo 116°; oo P ; OP * 98° 30'; 
OP *. 00 P oo = 109° 32. Cleavage parallel to OP and oo P oo , The crystals are 
efflorescent, soluble in 0*69 parts of water at X^‘6 (60° P.), and in 8 parts of alcohol. 
The salt has a sweet, astringent taste, and is vei^ poisonousv^ melts at 7 6® *6 ; begins 
to give otf water with a portion of its little aj)0ve 100° ; and is completely de- 
hydrated at 280°. Above that tempeiuture it de^mmpes, givihg off acetic acid, 
carbonic anhydride, and acetone, and leaving metallic lead very finely divided and highly 
eoinbq^tiblc. The aqueous solution is parijallyAe^mipoBed bvd^he carbonic acid of 
the air, carbonate of lead being precipitated, aUd a portion of acetic acid set free, 
which prevents further decomposition. The solution ta not precipitated by ammonia 
in the cold, but yields ciystals of oxide of lead when heated inth aTarge excess of 
ammonia. Normal acetate of lead forms crystalline oompouni with chloride of lead 
and with neroxldo of lead. ^ 

(Berzelius, Ani)^hijimx^Vv292; Schindler, Braadeif Ar^v, xli. 129 : Payen. 
Ann. Ch. Phys. [2] Ixv. 2J8,»anJ Wittsteiiv Buchnei^s Bspert. liixxiv. 

1 7 A * rXwn, mi* 01A* S Mm A V r. ^ 

dtqpci{be4 : * 

Bb"0 or 2C*H*0» 8PV'0. 
(0»H*O*)W. Pb"0 dr C*H«0».2Pb*'0. 
(C*H*0»)W.2Pb''0 or C^H»0*.3Pb‘'0. 
(C*H*0»)W.6Pb"0 or C«H«0*.6PV0. 


170; Gro. viii. 310; 

Pour baaio acetates of lead 

The i^ulbasi^aeetate 
Bibasic . . *, , ' 

Tribasic . . , 

Sexbasic ... 


All of these, however, except the trib^ic salt, are of rather doubtful composition. 
The seaquiba^ so^i is obtainejl by heating the normal salt till it melts, and suhso- 
quentlyBolidifles iiLawhite pordus mass. By dissolving the residue in water and eva- 
porating, the satfc is tkjHPtobtained in nacreous laminee containihg 2[2(C*H.*0*)*Pb.Pb0] 
•t* H^O. It is more soluble in water and alcohol than the normal acetate, and from 
alkaline solutions. (Payen, Schindler.) 

The bihasio acetate is deposited in the crystalline form when oxide of lead (massicot) 
is dissolved in the proper proportion in tha^ normal acetate. The crystals contain 
2 atomsof water, half of which is given off at 70°, and the i^t at 100°. (Schindler.) 

The iribaaio acetate is obtained in the crystalline foniL when a solution of the normal 
salt, saturated in the cold and mixed with of its tWume of ammonia, is left to 
evaporate ; also by digesting 7 parts of massicotli^a solution of 6 peats of the crys- 
tallised normal acetate. It forms long silky needt<ra; i{BTy wj ahl e in water, but in- 
soluble in alcohol. The aqueous solution becoines rtiifbid ^ exposure to the air. 
Accordin|r to Payen, the crystals contain (C*H*^|(|)''.Pb''0 but^ acopidi^ 

to Bezzelius, they are anhydrous. / ‘ ^ 

The aexbaaic is obtained by digesting the 6 olutiQ 9 |i|i^iiait^ the proosdhig 
salts with excess of oxide of lead. A ciystallino thei^ formed, which 



BpanugW m Wliag .iwitw, and 
(C*H»0*)*Pb".6Pb'’0 4- (:i|0r«eliu«.i 

~Tha liquid called Giruutm^w loHj^ ttad*\ 
the aqueous solutions of tbese basic 
i by disEestinfc oxide of lead in 



;;Sitfnlli4 k A 
^ the tribasic salt, it if 
a soluiion of the normal aoetttto. 


It' 


by the clrbonic acid in the air. 


It is an alkaline liquid wl 

cipitatea a large number ofifkpnable saUitaneea» such as gum-reqi^s, colouring mal _ 
&c. and firom its power of edagoUting^^ .^ ia mu^ ^Mied jaa a lotion & VOimi 
and sores. ^ ^ y 

Acetatb of I/iTHnTii; G*H*P^i + 2 H*0. — Bight rhomboFcla] prisms, deliquosceMf ; 
in moist air, soluble in less than a third of their weighi^ at 15<^, and in 4’6 pts. 

of alcohol of sp. gr. 0*81 at 14®. ^ 

Aobtats of Hanoaicssb.— P fJe zoae<colouxed splintem or small prtsms grouped to* 
gether; solul^ in 3 pts. of water. 

AcBTA'nss OT HCsBCimT. — 3/ercurofcs (C*H*0*)*CHg*)", is obtained#^ preci- 

pitating mercurous nitrate with a soluble acetate. It forms anhydrous miq(M||Ous 
l^minm, sparingly soluble in water. Heat decomposes it into metallic mercury, car- 
bonic anhydride, and acetic acid. ^ 

Mercuric AoHate, (C*H*0‘^)*Hg*' or CfH*0*.ng*0, is prepared by dhisolTing red oxide 
of mercury in warm acetic acid. It crystallises in Vjrilliaut micaceous laminie, solulda 
in thoir own weight of water at 10^, and somewhat more soluble in boiling water. 
Alcohol and ether decompose it, separating mercuric oxide. 

Acetate of Mercurammonium, (C*‘‘H*0*)*.(N*H*Hg"y' + 211*0, is obtained by agitat- 
ing recently precipitated mercuric oxide with a solution of acetate of ammonium. It 
crystallises in rhombolidal plates, very soluble in water, insoluble in alcohol. At 100® 
It gives off from 30 to 31 per cent, of ita weight, and is converted into acetate of 
mervuranwumitt^ (G*H*0*)*(S*Hg*)". * ^ 

AcmATB 99 l^iOKFL crystiidfieeii 1u epAfo-green prism^ slightly efflorescent, soluble 
hi 6 pW of cold water, insoluble in ekcW. The solution ia decoiaposed by hydro* 
sulpmnlc acid, which fttfini down aulphi^*^of nickel. 

Acstat«s of ihTAsatfiii^ C*H*0*K or C*H»G».K*0. (Terra 

foliata Tartaric regeneratutt JBlattermrde, gehUUtfjj^ta 

jtiiL - of pgfiSiiy plants. It is prepared by dissolving ea^nate 

H^en brown vinegar is used for the purpose, the <»r- 
edded by small portions, so as to keep the' solution 
precaution IB to avoid the formation of coloured 
products the c(m^cA ,Sf wi|h the foreign^lit^frf in the vinegar. Pore 

acetate of potBAdumlkaliehite salt, tp eCfSieWPftJ^eiyiillpluble in water and 

deUqeeecenLioluble ’ " ” 

solulion. Carbqxiiq. 
throve down ctrboi’ 


Weinetexnerde.) 

This salt, exists ini 
of potassium in acetio oqid. 
iKuiate of pota8fium shoiud 
constantly add. Thf . ebject 4 


^aloobol; the alcoholic 

seed intoj^mllmlllll^ la absolute alcohol, 

and hlmfflKlilpm of ethyl. The salt melts 
below a red bdit,^forinu^'a 'Bihpid’S^ W^b solidl&s in a 1 li|lextre^nc^^del^aeaMnf» 
mass oh cooling. It requires a very high ten^rature te^dfepnlpoee it, iiid tliCh 
off Sucetone, empyrenmatie oil, and mflammable gases, end lipvee a residue of carl)Ow^ 
of potassium mixed with . chereoaL Heated with excem of hy drate of potassium, U 
yields carbonate of potasdttm and marsh gas : 

C*HWK + KHO - CH< 4^K*. y ^ 

Heated with axsenious anhydride, it yields caQpdyl. (SHnt Chle 

riue, passed into the aquecilbs solution of acetateof potassium, librt^fe ciprwtnc anhydndi 
and forms a bleaching liquid, which however loses its decolorising power on exposuz 
to the air. When an eleCkfe current is passed through a strong qftttpous solution < 
acetate of potasaxum separated into two parts by e porous diaphragm, hydrogen alon 
is evdved at the negative pole ; while, Bt the positive pole, there is cvolv^ a gaseou 
ic anhydnde, ^^together with acetate of methyl end a sms 
' ' The pgrirNB^pal decomposition is represmited by 4b 


mixture of metl^l and t 
quantity of oxide of i 


^natioB : 


theaeetaik 
Uix. 267#' 

aM yb/Aaist ear 30^^ 

When the neBiiml A ^ 
V6t.L ‘ 


OW -► 2CO» + 

eeeoodary produete. (Boibe, Ann.Ch. Phana 
C*H»0»K.C»H<0*, or 0<HK)*.H«> H 



with an* excess of stroqp^^^eetk eeid, tiii 

ctwO-. 
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iSld deposited in needleif lainin^^ Op by riow evaporation in long duttened 
prisms, appareniy.y tblonging to ine rhombic system. It is v^ deliquescent, melts at 
148®, and decomposes at 200^, givmg off crystallisable acetic acid. On this property 
is founded an easy method ofobtainmg the erystkllisahle acid. 

Oiacetate of potjissium is formed when the nornial acetate is distilled with butyric or 
valerianic acid ; but neither of these acids decomposes the salt thus produced. Hence, 
when butyric or valerianic acid is mixed with aootic aejd,. a separation more or less 
eompleto may be effected by half neutralising the liquid wi^ potash, and distilling. If 
the acetic acid is in excess, diacetate of potassium alone remains behind, the whole of 
the valerianic or butyric acid passing over, together with the remainder of the acetic 
acid. If, on the contrary, the other acid is iu excesd^ it passes over, unmixed with 
acetic acid, and the residue consists of diacctate of potassium mixed with butyrate or 
valerate. By repeating the process a certain number of times, either on the acid 
distillate or on the acid separated from the residue by distillation. with sulphuric acid, 
complete separation may bo effected. (Liebig, Ann. Ch. Pharm. Ixxi. 356.) 

Anhydrous Diacetdte of JPotassiumt 2C®H®0“'K.C*H®0* » K*0.2C*H®0*, is jwo- 
duced Dy dissolving melted acetate of potassium in acetic anhydride at the boiling 
heat, or by the action of potassium on acetic anhydride. Porma colourless needles 
very soluble in water, less deliquescent than normal acetate of potassium. It is 
decomposed by heat, giving off acetic anhydride. (Gerhard t, Ann. Ch. Pliys. [3] 
xxxvii. 317.) 

Acetate of Silver, C®H*0®Ag. — Obtained by precipitating nitrate of silver with 
acetate of sodium. Crystallises from boiling water in thin, hoxible laminae ; soluble 
in 100 pts. of cold water. 

Acetate of SomuM, C*H*O^Na or C®H®0*.Na*0. Terra foliata Tartari crystal- 
HsabUia, Thrre foliee minirale, — Prepared either by dissolving carbonate of sodium 
in acetic acid, or by decomposing acetate of calcium with sulphate of sodium, 
Perms large ^nsparent prisms belonging to tlie monoclinic system. Ordii.ary 
combination: Poo]. OP. — P; more rarely with ooPoo, -fP, +2P<». 

Eatio of the axes; a: b: 0*8348 : 1 : 0*8407. Angle of the axes « 68® 16'. In- 

clination of the faces : oo P ; oo P in the plane of the orthodiAgonal and principal axis 

96®*30 ; — P : + P, forming the obtuse edges of the pyramid + P in the plane of 
the oblique diagonal and pnncipal axis » 117®*32; doP: 0P=* 76®*36. Cleavage 
parallel to OP and qoP. (Gorhiirdt, Trait6 L 726.) The crystals contain 3 ut. 
water. They effloresce slightly in dry air, completely at a moderate heat, and melt 
•below 100®. They diaaolvo in 3*9 pts. of water at 6®, in 2*4 pts. at 37®, and in 
1'7 pts. at 48® (Osann). According to Berzelius, a solution saturated at the boiling 
heat, contains 0*48 pts, water to 1 pt. of salt, and boils at 124®*4. The salt is less 
■oluble in alcohol. It a bitter, pungent, but not disagreeable taste. 

Acetato op Stroxtiux crystallises like the barium-salt in two different forms, con- 
taining different quantities of water. The salt deposited at I6®;t contains 4*23 p. c. 
water (2(C*H*0*)*Sp" + H*0), and that which is deposited at Idlr temperatures contains 
(C“H.*0*)*Si^' + 2H®0. The latter forms prisma belonging to the monoclinic system, 
qqP^odP - 124° 64'; ooP. ooPoo * 107^33'; OP: Poo « 163°*12. Cleavage 
indlKiiiot, parallel to ooPoo . 

Acetate of Tin. — Boiling acetic acid dissolves tin slowly, with evolution of hy- 
drogen ; the hydrated protoxide dissolves easily in the boiling acid, and the solution 
evaporat^ to a syrup and covered with alcohol yields small colourless crystals. Hy- 
drated dioxide of ti% also ^ssolves in acetic acid, and the solution yields a gummy 
moss when evaporated. Hichloride of tin forms a crystalline compound with glacial 
acetic add. 

Acbtatb of Uranium. — • Uranous Acetate^ obtained by evaporating a solution of 
oxide m acetic acid, crystallises in green needles grouped in warty masses. 

Uranie AcetfUe, or AaeUde of Uranyi, (C*H*0*)*(U*Oa)''» or C<H®0*.U*0*, is ob- 
toined by heating uranic nitrate till it begins to evolve oxygen, dissolving the yellow- 
ish red mass, which still contains nitric acid, in warm concentrated acetic acid, and 
evaporating to the crystallising point ; all the nitric acid then remains in the mother 
liquid. From a very concentrated, or from an acid solution slightly cooled, the salt 
separates in beautiful rhomboidal prisms, ((?H*0*)*(U»0»)'' + 2H-0, belonging to the 
monoclinic system ; boiling water decomposes them with^sepamtion of uranie hydrate, 
but the solution yields the same crystals by evaporation. A more dilute solution cooled 
bolow 10® deposits square-based octohedronseontamihg 3H*0, qr 

* Ur<HWl, U^O*, ia a i^mtonai^ radicle, auppoaod to eaiat in the uraale oampoandi. VaAMiOM.) 



ACETIC 





(C*H*0»)*(U*0*r + SH*0^ 200% aud tha twt 

27 fi% leaving the ycUawiah-re(l anhydrous salt. H - 

ITranic acetate combineSvWifch tha acetates of the Thore basic molals, forming double 
acetates. The ammemiunt^ poiassium^ and todium salts are obtained by adding the 
solutions of the carbonates to u solutioi^ of uranic acetate, till a precipitate is formed 
consisting of a uranate of the alkali-metal, rcdissolving this precipitate in a slight 
excess of acetic acid, and cooling the solution till it ciystallises. The other donbic 
salts of this group are obtaiiied by boiling the carbonates with uranic acetate, till the 
wliole of the uranic oxide i#procipitated, rediasolvlng tho precipitate in achtie i^d, 
and evaporating. Tlie and cadmiitm salts consist of 1 at. of uranic acetate combined 

with 1 at, of the men olwsic acetate, their forraulae being (C*H*0*)*Pb".(C*H*0*)*(U*0*r 
+ 6H*0 and (C»lPO0*Cd".(C*M*O*)*(U*OT + 5H*0. All the rest contain 2 at. urtvmo 
acetate with I at. of the diatomic Jtustal, their general formula being 
(C*H*0*)*(U*0*)" + Most of these salts crystallise with fiicility, tho potassium 

and silver salts in the quadratic system ; the sodium salt forms rcgtilar tetrahedrons. 
The strontium and calcium salts are very soluble in water, and dimcult to crystallise. 
The sodium salt is anhydrous ; the rest contain water of crystal iisation. (Wertheimt 
J. pr. Chem. xxix. 2(>9 ; Weselsky, Chem. Claa. 1858, 8^.) 

Aobtatb of Ytmiuif, (C*H*0*)*y'' + 211*0.— RhomboYdal prisms with trihedr^ 
summits. They are permanent in the rtir at ordinary temperatures ; give off their 
water, and become oparpie at 100^ ; dissolve In 9 pts. of cold water, and in a smaller 
quantity of bailing water ; also in alcohol. (Berlin.) 

AdrrATB OP Zitrc, (C*n*0*)*Zn" + 3 IPO or C*HW.ZnO + dH*0.— Obtained by 
dissolving either tho mebvl, the oxide, or the carbonate in acetic acid. Ciystallises 
in nacreous efflorescent laminse belonging to the monoclinic system (Kopp*B Krystal* 
lographie, p. 310), Ordinary combination : OP. oo P. oo Poo . + P. + 2Poo , tho face OP 
predominating, a : 6 : e =: 0*4838 : 1 : 0*87- Inclination of n»s — 46° 30'. IndU 
nation of faces, cc P : coP in the plane of orthodiagoual and principal axis ■*112° 36' ; 
coP.OP « 112® 28'; OP : <x> Pao « 113® 30' ; OP : Poo » 80° ; OPa + P - 75° 80'. 
Cleavage parallel to OP, Tlie salt dissolves very readily iii water.* At 1M° it melto, 
gives off its water with a little acetic acid, then solidifies, and does not liquefy a^u 
till heated to 190° or 195°, at which temperature anhydrous acetate of sine swlimen 
iuwacreouB scales. Athigher temperatures, complete decomposition ensum. (Laroeqfliik 
Rccueil des Trav. de la Soc. Pharm. 1847-54.) 


ACSTXC JLCZOv SlTBraZTimOir Pm03>VCTS OP.— The following acidfef 
(which will bo more fully described hereafter), are derived from acetic acid by sttbetl* 
tution : 


Bromaoetic add 


• 


C*H*BrO 
• » H 

Bibromacetic acid « 

• 

• 

a 

C*HBr*0 

H 

Chloraoetic add 


# 

a 

C*H*C10 

H 

Trichloracetic acid • 

• 

• 

• 

c*a*o 

• H 

lodacetic odd • 

• 

• 

» 

C*H»IO 
• H] 

Diniod-acetie add • 

• 

• 


»» H 

Thiacetic acid 

. 

. 


C!*H*0 

H 


The brominated and chlorinated acids are ptodueed the direct action of bromine 
and chlorine on acetic acid ; the iodated adem the action of iodide of potassium on 
bromacetate and dibroniaoetate of ethyl ; and thiacetic acid treating g^aeial aoetic 
Md with pentasulphide of phosphorus (p. lib All these acids are monatomic; 
like acetic add itself oorrespond to it in nearly all their reactiona, and are formed 
upon the same type. 


Aonxo ASrflmmZ3»|B. C«H*0* - {CPPPOyO. Anhydrow AeetU aetd. 
Oxide of Aceiyl ; Acetate (Gerhard t, Traits, i. 711.; 

This eomponnd is obtained : 1. By the action of oxychloride of phosphorus, POCl% 
on aeetate cn petosshim. The acetate deprived of water by fusion, is introduced into 
a fobnlated retort, and the oci^chloride of phosphorus admitted through the tubulus^ 
drop.hy drop. A violent action takes phu^ the mixture becoming veiy hot udthont 
^ c 2 
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thd application of external heat^ and a liquid distils over, which is the chloride of 
acetyl, while tribaefc phosphate of potassium remains i n the retort : 

3C?h*k:o* + poa* - po^k:» + scc*h>o.ci). 

now this liquid be poured back again three or four times into the retort, so that 
it may remain for some time in contact with the acetate of potas.slum, that salt being 
n-lgn in excess and pretty strongly heated, a further action takes place between the 
acetate of potassium and the compound C^^O.Gl, the result of which is the forma- 
tion of acetic anhydride : thus, ^ . 

C*H»KO» + C*H»0.a « m + > 


The acetic anhydride enters into combination with the acetate of potassium, and a 
considerable degree of heat is required to destroy this compound and cause the anhy- 
dride to distil over. The distillate is more or less contaminated with acetic acid and 
chloride of acetyl ; but on redistilling the crude product, these impurities pass over at 
the commencement, before the temperature rises to after which the pure 

anhydride distils over. — 2, By the action of terchloride of phosphorus on acetate pf 
potassium. When tlie liquid chloride drop by drop to the acetate of potas- 

sium (about 1 pt. PCI® to more than 2 pts^ iif the acetate), the action begins without 
application of heat, and cliloride of acetyl, amounting in quantity to about half the 
chloride of phosphorus used, distils over mixed with a small quantity of chloride of 
jihosphonis. On heating the residue after this action has ceased, acetic anhydride 
distils over free from chloride, and in quantity equal to about a third of the chloride 
of phosphorus used. The product contains a small quantity of a phosphorus-compound, 
which causes it to impart a brownish colour to nitrate of silver ; but it mjiy be freed 
ftom this impurity by a second distillation inth acetate of potassium. — 3. By the 
action of chloride of benzoyl, C^H®O.CI, on fused acetate of potassium. The first 
products of the action are emoride of'potassium and acetate of benzoyl, C®H"0* : 

c’E*©. ca + c»n>KO» = kci + o. 


But if the acetate of potassium is in excess, and the mixture is heated somewhat 
above the temperature at which the ori^nal substances act upon each other, a further 
action takes place, and a colourless liquid distils over, which is acetic anhydride, while 
benzoic anhydride remaiiis in the retort in combination with benzoate of potassium. 
These new products are formed by double decomposition between 2 atoms of the 
benzoic acetate : 




4 . By the action of chloride of acetyl, C*H®0C1, on ^ oenzoate of sodium. The reaction, 
which takes place without the aid of beat, is precisdy similar to the preceding. 

Acetic anhydride is a colourless, very mobile, strongly refracting liquid, having a 
powcrthl odour, similar to that of the hydrated acid, but stronger, and recalling at the 
■aino time that of the flowers of the white-thorn. Sp, gr. 1*073 at 20°-5, which is 
nearly that of the hydrated acid, C-H^O* + H-^O, at its greate.st density. Boiling 
point 137®’5 under a pro.ssuro of 750 mm. Vapour density » 3*47 (by calculation 3'531 
lor a condensation to 2 volumes). 

Fuminq suiphuric acid becomes heated by contact with acetic anhydride, carbonic an- 
hydride being given off and a conjugated acid produced, which forms a gummy salt with 
lead. Potaasiuifi acts violently on acetic anhydride, evolving a gas which does not 
take Are if the potassium be iutrcKluced by small portions ut a time. The liquid, after 
a while, solidifies into a mass of needles, consisting of a compound of acetic anhydride 
witli acetate of potassium (p. 33). An oily substance is also produced, having a very 
pleasant othcpeal odour. Finely divided cine acts upon j|cetic anhydride in a similar 
manner, but less energetically, and only when heated in the w'ater bath ; hydrogen 
gas is then mveu off, and a soluble salt formed, which is deposited in microscopic 
crystals on the surface of the metal, and greatly retards the action. On saturating 
the excess of acetic acid in the residue with carbonate of sodium, the ethereal 
odour above mentioned is perceived. The hydrogen evolved, if collected immediately, 
has the same odour, burns with a bluish flame, and the product of the combustion 
renders lime-water turbid ; but after passing through potassium, it is inodorous, and 
when burnt yiehls nothing but pure ^^^pou^ of water. 

Acetic anhydride does not combine immediately with water^ but when poured into 
tliat Bquid, falls to the bottom in oily drops which dissolve after a while, if the liquid 
is heat^ or agitated. It absorbs water m>m the air, and must theacefiyre be kept in 
Veil closed Teeaelii 



21 


ACETIC ETHERS. 

Acetic anhydride combines with aidekpdts. With <admaiy aldehyde, it forms a 
liquid oompound, CS*H*0’. C*H*0 (Geuther), and a sitnilsr command with Talsml* 
(Guthrie and Kolbe) ; also with bitter almond oil (Geuther)* 

Acbtobbmzoio; or Bbnsoacbtic Akhtdbidb, ^]^!q|o. AcetaU qf 

Benzo^Bensoate of Acetyl, — Obtained by the action of chloride of acetyl on benaoate 
of sodium. Heavy oil smelling like S^wnish wine. Neutral to litmus. ]^ils at 120® C. 
and is resolved into acetic and bcnioic anhydrides (p. 35). Besolved into acetic and 
bensoic acids by boiling with watfir, and more quickly with alkalis. 

Acoto-cinnaxio Anhtdridb, C’H*0.C*H'0.0. Acetate of Cinnamyl^ — A very 
instable product obtained by the action of chloride of acetyl on cinnamato of sodium. 
Oil heavier than water, something like the preceding compound. 

Acbto-cumikic Anhydbidb, C'H^O . C**H'*0 . O. Acetate of Cumyl, — Resembles 
the preceding compounds. In the moist state it quickly turns acid, and yields beautiful 
lamiue of cumiuic acid, the odour of acetic acid becoming perceptible at the same timcL 

Acbto*satjotlio Anhydbidb, .IS^O^.O. Acetate of Salieyl, j-c. — Salicylate 

of sodium is strongly attacked by chlocllli of acetyl, even at ordinary tem}>eratiiroB, 
the mixtipe liquefying at first, but becoming perfectly hard in a few seconds. The 
product dissolves with cficrvcscence in carbonate of soaium, the anhydride being con- 
verted into acetate and salicylate of sodium. (Gorhardt, IVaitd, iii. 319.) 

A.CSTZC STBSMI. Those compounds are the acetates of the alcohol-radicles, 
and may be divided into the following grou{>s : 

&• BKonatoxnio Aoetio Bthars. 

Acktatb op Axlyd, Prepared by treating acetate of silver with iodide 

of ally], and rectifying once or twice over acetate of silver. It is a colourless liquid, 
lighter than water, having a pungent, aromatic odour, and boiling between 08® and 
100®. Boiling potash decon^sea it into acetate of potassium iad allyl-alcohol. 
(Cahours and Hofmann, Chem. Soc. Qu. J. z. 322.) 

Acbtatb op Akyd, or Aoetatb op Pentyl, — This compound is 

slowly produced when amylie alcohol is loft in contact with acetic acid, and may bo 
cimvcniently prepared by distilling 2 pts. of acetate of potassium, or 3 pts. of de- 
hydrated acetate of lead, with 1 pt. of strong sulphuric acid, and 1 pt of amylie 
alcohol, agitating the distillate with milk of lime, then dehydrating over chloride of 
calcium, and rectifying. It is a transparent, colourless liquid, of sp. gr, 0*8572 at 21®, 
find boiling at 133*3®, under a pressure of 27" 8'", with a platinum wire immersed in 
it. vapou^density 4*458. Odour ethereal and aromatic, like that of acetate of 
ethyl. It is insoluble in water, but dissolves in alcohol, ether, and fueel oil. It is 
decomposed veiy slowly by a<iueous potash, but quickly by alcoholic potash, yielding 
amylie alcohol and acetate of potassium. Chlorine passed through it at 100®, converts 
it into di^ehlorinated acetate of amyl, C’H**CI*0*, and this, by the action of chlorine in 
sunshine, is converted into a higher chlorine-compound. 

Acetate of Benzyl. Produced by treating 2 vol. benayl-aJcolK^ with 

a mixture of I vol. sulphuric acid and 4 or 5 vol. acetic acid, or by boiling chloride of 
benzyl with alcoholic acetate of potassium. Colourless oil, heavier than water, and 
having a very agreeable odour, like that of pears. Boils at 210® C. Boiled with 
Twtash-ley, it yields acetate of potassium and ben^lic alcohol (CannisssFO. Ann. 
Ch. Pharm. Luzviii. 130.) 

Acstatb or Kthyl. Acetic ether, Ethyjic Acetate, Eeeiadther, Esitignaphtha, 
mgeauree Mthyloxyd, Ether acetique. ^ or 

O^auragais, Joum. d. S^vans, 1759. 324; Thinard, M5m. d'Arcueil L 153; 
Dumas and BoulIay, J. Pharm. xiv. 113; Liebig, Ann, Ch. I^arm. v. 34; "girw 
144 ; Om. viiL 493 ; Gerh. L 743). — Discovered by Lauragais in 1759. It is formed 
by heating ^cohol with acetic acid, or with an acetate and strong sulphuric acid, 
or by distilling ethyl-sulphate of calcium or potassium with glacial acetic acid. Tbe 
' best mode of preparing it is to distil a mixture of 3 pts. of acetate of potsssinin, 

3 pts. of absolute alcohol and 2 pts. of sulphuric add; or 10 pts. of acetate of sodium, 
fi pts. of alcohol nnd 15 pts. of sulphuric add; or 16 pts. of diy acetate of lead, 
f ^ alcohol and 6 pts. of sulphuric acid. The acid is first mixed with the 
alcohol and the liquid poured upon the salt rodueed to fine powder. The mixture is 
then distilled to dryness, the heat being moderate at first, but increased toward the 
end of the process. The product is purified by digesting it with chloride of ealeiom 

and rectifying the d«jmitedliqitiA ^ -o •» 

c 3 
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Aeetate of ethyl is a colourless liquid, having a pleasant ethereal odour. Sp. gr. 
0*91046 at 0^ (K opp) ; 0*932 at 20^ (O osa man n). Boils at 74^*3, vhen the barometer 
stands at 760 mm, (Kopp). Vapour-density 3*06 (Boullayand Dumas).* It dis- 
solves in 1 1 or 12 pts. of water, at ordinary temperatures (Mohr, Arch. Pharm.[2] Ixv. 1 ), 
in all proportions of alcohol and ether. It bums with a yellowish flame, giving off the 
odour of acetic acid, and leaving that acid in the liquid state. It is periuaneut when 
dry, but in the moist state gradu^y decomposes into alcohol and acetic acid. The same 
decomposition takes place more quickly under the influence of alkalis. Heated with 
strong sulphuric acid, it is resolved into oxide of ethyl and acetic acid. Hydro- 
chloric acid converts it into acetic acid and chloride of ethjrl. 

Action of Chlorine on Acetate of Ethyl. (Mala gut i, Ann. Ch. Pbys. [2] xx. 
387; ibid. {8] xvi. 2, 68; Leblanc, ibid. [8] 197; Cloez, ibid. [3J xvii, 304., — 
When acetate of ethyl is introduced into a bottle filled with dry chlonne gas, in the 
proportion of 1 atom acetate of ethyl to 8 atoms chlorine, and the action allowed to 
go on, first in the shade and afterwards with con^ually greater exposure to sunshine, 
a number of chlorinated compounds are formed m which 2, 3, 4, 6, 6, 7, and 8 atoms 
of hydrogen in the acetate of ethyl are successively replaced by an equal number of 
chlorine-atoms. It is however not always possible to obtain the partic^ar compound 
required, the compounds C^H^CPO*, Ci’O’, and C*C1*0’*, being the only ones that 
can bo produced with certainty. Other products are also formed, among which are 
acetic acid, trichloracetic acid, and sesquichloride of carbon. If the acetate of 
ethyl is at once exposed to sunshine in contact with chlorine, an explosion takes place, 
attended with deposition of charcoal. 

Bichlorwated Acetate of Ethyl^ C*H®C1*0*, is the product obtained when the acetate 
of ethyl is kept cool and in the shade during the action of the chlorine. On distilling 
the product to separate the more volatile portions, till the boiling point rises to 110®, 
Washing the brownish residue with water, and drying it over lime and sulphuric acid, 
the compound is obtained as a transparent colourless oil, of sp. gr. 1’301 at 12®. It 
smells somewhat like acetic acid, has a peppery taste, and produces irritation in the 

• throat. It is slowly decomposed by water, yimding hydrochloric and acetic acids. 
C^H*C1®0*+ 2H*0 ss 2O*H‘'0*+ 2HC1; slowly also by aqueous potash, but quickly by 
alcoholic potash, yielding acetate and chloride of potassium. (Malaguti.) 

Trichlorinated Acetate of Ethyls C*H*C1*0’*, was obtained by exposing the di- 
chlorinated compound for some time to the action of chlorine in a bottle, covered at the 

* u{^er part with black paper, so that the light fell only on the lower part of the liquid. 
It resembles the preceding compound, but cannot be distilled without alteration. It 
is isomeric with trichloracetate of ethyl, C<;51*0*.CTP. See Tuiculouxcbtic Acn>, 
(Leblanc.) 

Tetrachlorinated Acetate of Ethyl^ C^H*CI‘*0^ was obtained by exposing the di- 
clilorinated compound to the sun in autumn, in bottles filled with dry chlorine. After 
rectification, washing, and drying, it forms an oil of sp. 1*486 at 26®. It is de- 
composed by potash, yielding chloride, acetate, and trichloracetate of potassium 
(Leblanc). The /w-cA/mwe comfownd, C'*H*C1*0* was obtained in the same 
manner as the preceding, excepting that riie gas above the liquid was protected from 
the action of the solar rays ; tne eiX'-nUorine commund C^H’fel^C*, by exposing the 
last compound to the sun for two days, in a bottle filled with dry chlorine. Sp. gr. 
1*698 at 23*5, The seven-chlorine eomj^und^ C^HOPC)*, was produced by exposing the 
dichloxinated compound in bottles filled with dry chlorine, to the sun for some months 
in winte It forms rather soft ciystals, insoluble in water, sparingly soluble in cold 
alcohol OT ordinary strength, very soluble in ether. They melt l olow 100®, but do not 
appear to bo volatile without decomposition. An oily liquid isomeric with this com- 
pound, and having a sp. gr. of 1*692 at 24*6®, is obtained by exposing trichloracetate 
of ethyl to chlorine in the shade, as long as any action goes on. (Leblanc.) 

^^chlorinated Acetate of Ethyl^ C^CI*0*, is prepared by exposing di- or tri-chlori- 
nated acetate of ethyl to the brightest summer sunshine, and at the same time heating 
it to 110® ; even then the substitution takes place veiy slowly (Leblanc), The pro- 
duct is distilled in an atmosphere of carbonic acid, to remove free chlorine. It u a 
colourless oil, which remains Hqaid at a few degrees below 0®, and has a. strong pungent 
odour like that of chloral. Sp. gr. 1*79 at 25®. Boils, with partial decomposition, at 
246® (Leblanc). When its vapour is passed through a tube filled with fragments of 
glass, and heated to 400®, it is partly converted into the isomeric compound chlor- 
aldehyde, C*C1^0 (Malaguti). In contact with water or moist air, it is gradually 
decomposed, yielding trichloracetic and hydrochloric acids. A similar decQiEipositi 0 ii 
is instantly produced by strong aqueous potash (Leblanc) ; 

C'C1*0^ + 2H*0 = 2C^Ha»0=^+ 2Ha 
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Antiaouia. either iiaseoni or dissolTed Ibi water, acta atrougiy cnq the oomiMMiiid, pro* 
duciog sal-amxnoxuao and tridilocacetamide (Halagiiti) : 

C«CI*0* + 2NH* 2HC1 + 2C^K!l*NO 

With a1)eolate alcohol, the oompooud becomee Btrongly heated, and is completely eon- 
verted into hydrochloric acid a^ trichloraeetata of ethyl (Malaguti) : 

C'CX«0» + 2C*H*0 - 2HC1 + 2C*H'C1K)*. 

When exposed for a long time to the action of chlorine^ it yields esyatois efnes^ot- 
chloride of carbon. (Lablanc.) 

Perehloracctic ether may he regarded as a iricMorttoeM^ of pontachiorothyl^ 
C*C1*0* C*C1*; and in Uke manner, aU the preceding compounds which contain mcma than 
3 atoms of chlorine, may be viewed as trichloracotates of ethyl-radicles, in which the H 
is more or loss replaced by Cl: e,g. pentachloracotic other, C*]1*C1*0* « C‘‘C1*0*,C*H*C1*. 
Some of them appear however to ho susceptible of isomeric modifications. 

Acstatb of Msthyi., C*H*0*. CH*. Methglio Acetate, 

HoUdther, (Dumas and P^ligot (1835), Ann. Ch. Phw. Iviii. i6. — ^Weidmann 
and Schweizer, Fogg, xliiu 593. — H. Kopp, Ann. Ch. Fharm. Iv. 181.*~GI'm. viii. 
484; Gerh. i, 741.) — This compound occurs m crude wood- vinegar (Woidmana and 
Schweizer). The liquid called lignosus or S^ritus pgroaoctioue appears to bo 

impure acetate of methyL 

Preparation, — 1. Two pts. of wood-spirit are distilled with 1 pt. of glacial acetic 
acid and 1 pt. sulphuric acid ; the distiuate is shaken up with chloride of calcium, 
the acetate of methyl then rising to the top; and this product is freed firom sul- 
phurous acid by agitation with quicklime, and from wood- spirit by 24 hours* contact 
with chloride of calcium, which takes up the latter substance (Dumas and Fell got). 
— 2. When 1 part of wood-spirit is distilled with 1 pt. acetate of potassium and 
2 pts. of sulphuric acid, acetate of methyL passes over firsts then sulplmrous add, acetic 
Actd, methylic oxide, and a smdl quantity of metbyUc sulphate. The first roeeivet 
must therefore be removed as soon as sulphurous acid begins to es^po; its conttmto 
shaken up with water.; and the separated ether rectified over chloride of calcium and 
quicklime (We id m an n and Schweizer). — 3. A mixture of 3 pts. wood-spint, 14^ 
pts. dcliydraU‘d acetate of lead, and 5 pts. sulphuzic acid is distilled ; the distillate 
18 shaken iip with milk of lime ; and the stratum of metliylic acetate w'hicb rises to tlie 
surface is dehydrated by repeated treatment with chloride of calcium, then decanted 
from the lower liquid, and rectified. (H. Kopp.) 

Acetate of mediyl is a colourless liquid, having a ve^ agreeable c^our, like Cliat 
of acetate of ethyl, sp. gr. 9*0085 at 21°; 0*9562 at 0° (Kopp). Boiling pointy 66’3^ 
under a pressure of 760 mm. (Kopp, Fogg. Ann. Ixii. 1); 55° under a pressuro of 
7G2mm. (Andrews, Chem. Soc. Qu. J. i. 27). Vapour-aensity 2*563 (Dumas and 
Peligot), by calculation 2*564. Index of reaction 1*3576. (Delffs, Fogg. Aiitk 
Ixxxi. 470.) 

Acetate of methyl dissolves in water, and mixes in all proportions with ak»hol antji 
idher. The aqueous solution sufiSers but little decomposition by boding. Solutions 
caustic alkalis couTort the compound into wood-spirit and an alkaline acetate.^ 
poured on pnlveriscd soda-lime, it is decomposed with violence, yielding a mhtteite ^ 
acetate iitid formate of sodium, and giving off hydrogen. In contact with stroi^ s^- 
phuric acid, it becomes heated, gives off acetic acid, and forms mcthylsulphuxlc acid. 
Vvith chlorine it forms a nunibOT of sulistitution-products. 

Dichlorinated Acetate of Methyl, is formed by passing diy cl||prin6 gas 

through acetate of methyl, assisting the action by a {^tle heat towards lbs en«L It 
is purified like the corresponding ethyl-compound. It is a colom’less neutral liquid, 
having a pungent odour ; its taste is sweet at fir^ but afterwards alliaceous and burning. 

gr* 1*25. Boils between 145° and 148°, but begins to decom|x>8e and give oM 
fumes at 138°, It burns with a yellow flame, edged with green at the bottom. It is 
decoinpos^ slowly by water, quickly by aqueous potash, and violently by a l c a bnl i s 
|iotasb, yielding formic, acetic, and hydrochloric acids : 

C>H*C1*0* + 2H"0 « CH*0» -r C*H*0* + 2HC1. 

This compound is isomeric if not identical with dichlorinated formate of cthyL 
(Malaguti, Ann. Ch. Fhys. [2] Ixx. 379.) 

Pricklarinated Acetate of Methyl, C*H*C1*0*, is obtained by passing Chlormc TCiy 
slowly into acetate of methyl, as long as any (h^mposition takes place, and purifying 
the product by rppeat(*d fiuctional distiHatioii. It is a colourless oily liquid, heavies 
than water, boiling at 145°, and distilling without decomposition. It is docompotuid ^ 
caustic potash, jieldmg chloride and formate of ]x>tassium, and rhloromethylaee, OlfCa 5 

+ 2K*0 - 2KC1 + 2CHKO^ + CHCb 
c 4 
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lti» iBomerio but not identical with trichlo™etete of methyl, 0"01*0*. CH*, produe^ 
by dia tilling wood-Bpirit with trichloracetic acid and a small quantity of sulphuric 
acid. (Laurent, Ann. Ch. Phys. [2] Ixxiii. 26.) 

V&rMoTVMUed AsetaU of Methyl^ C*C1*0*. (does, Ann. Ch. Phm, [3] xvii. 297, 
311.) — This compound, which appears to be identical with perCmorinated formate 
of ethyl, is produced by exposing acetate of methyl to^ the action of chlorine ^ in 
sunshine, as long as the gas continues to be absorbed. It is a colourless liquid, having 
ft suflEbcating odour and a disagreeable taste, which soon becomes intolerably acidj^from 
decomposition. Sp. gr. 1’706 at 18^. Boils at about 290°, with partial decomposition, 
Jt is quickly decomposed by water and by moist air, yielding hydrochloric, carbonic, and 
terchloracetic acids : 

C*C1*0* +*2H*0 « 3HC1 + CO* + C*HC1»0*. 

Similarly by the fixed alkalis in solution. With aqueous ammonia, it forms tri- 
cUoracetamide, together with chloride and carbonate of ammonium : 

C*C1*0* + 6NH» + 2H20 = N.BP.C*C1*0 + 3NH*Cl + CO» (NH*).* 

With alcohol it forms hydrochloric acid, trichloracetate of ethyl, and monochlori* 
nated formate of ethyl : 

C»C1«0* + 2C*1P0 = 2HC1 + C*C1*0* C*H» + CC10».C*H». 

Similarly with wood-spirit (t yields trichloracetate of metliyl, and monochlorinatoil 
formate of methyl. 

The vapour passed through a red-hot porcelain tube is decomposed into chloraldehyde 
and chloro-carbonic oxide (phosgene) gas : 

C»C1«0* = C*C1«0 + COCl*. 


Aoetatu of Octyi., C*H*0*. — Prepared by passing hydrochloric acid g^as 

through a mixture of acetic acid and octylic (caprylic) alcohol ; or, better by ms- 
tiUing a mixture of octylic alcohol, acetate of sodium, and sulphuric acid. It is a 
. liquid of very agreeable odour, insoluble in water, boiling at 100°. (B o u i s, Compt. rend, 
xxxviii. 937.) 

Aoetatb op Phexyl, Produced by the action of chloride of acetyl 

on acetate of phenyl : also by boiling an alcoholic solution of phosphate of phenyl 
with acetate of potassium. Alter all the alcohol has evaporated, the temperature of the 
mixture rises rapidly, and acetate of phenvl distils over in the form of an oily liquid. 
It is heavier than water, and slightly soluble in that liquid. Boils at 190°. Boiling 
potash decomposes it, yielding acetate of potassium and hydrate of phenyL (S c r u g h a m, 
Ohem. See. Qu. J. vii. 241.) 

.Acbtatb of Tbtryl, or Acetate of Butyl, C*II*0*. C*H*.-~Obteined by heating 
tetryl with a alight excess of vezy dry acetate of silver in a se^ed flask 
■ ^ i00° : — also by distilling in an oil-l>ath equivalent quantities of acetate of po- 
taaainm (recently ihsed) and tetiyl-sulphate of potassium : 

^ , O*H*0*.K + SO\K.C*H» - C*H»0*.C«H* + SO^K* 

Acbtatb op Tbityt., or Acetate op Pbofyl, C*H*0*.C*H\ — Obtained by distilling 
propvlic alcohol with a mixture of acetic and sulphuric acid. Kesemblea acetate of 
ethyl. ^ Boils at 90°. (Berthelot.) 

It is ft colourless liquid of agreeable odour. Sp. gr. 0*8846 at 16° C. Boils at 
114°. Vapour-density 4*073 (calculation, 4*017). Boiling potash converts it into 
acetate of potassium and tctrylic alcohol. 

Hlatomlo Acfttio 8t1ierft« (^Glycolic Ethers,') — ^These compounds are derived 
from the diatomic alcohols or glycols by the substitution of 1 or 2 at. acetyl (C*B[*0 — Ac), 
^MP 1 or 2 at hydiH^cn. _ They are related to the glycols in the same manner as the 
monatomic aeetio ethers just described are related to. the monatomic alcohols. The 
Ibllowing have been obtained : — 


Monoaeetate of Ethylene 
Diacetete of Ethylene | 

Biacetate of Propylene 


Diacetate of Butylene 
Diacetate of Amylene 
Diacetate of Ben^lene 




The diacotetes are produced by the action of acetate of silver (mi the 
bromides, or iodides of the several diatomic aloohol-radiclee ; 
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as 




Bromide of 
eibylene* 


2 at. acetate of 
lUver. 


PlacetMte of 
etliylene» 


Monoaeelate of ethylene ie obtained by heating acetate of potaaaium with an alco- 
holic aolution of bzomide or chloride of ethylene^ or by heating in a sealed tube a 
mixture of 1 at. hydrate of ethylene and 1 at. acetic anhydride : 

All these compounds when distilled with potash are converted into the corre- 
sponding diatomic alcohols. They will be more iUlly described in connection with 
these several alcohols. 

3. Triatomle AmHo atherst Aeettna. (Berth elot, Ann. Ch. Phys. [3] 
xli. 277; Gm. ix. 496; Gorh. iiL 960; Bertholot and Be Luca; Ann. Ch. Phys. 
[3] liii. 433). — Compounds obtained by the union of 1 at. glycorinf C*II*0*, with I, 
•2, or 3 at. acetic acid C*H^O*, with elimination of an equal number of atoms of water. 
They may be regarded as glycerin, in which 1, 2, er 3 at. hydrt^n are 

replaced by acetyl. 

Monoacetin, 0*H**0* *« C*H*0*.H*,C®II*0, is produced by heating a mixture of 
glycerin and glacial acetic acid to 100^ for 24 hours. Slight traces aro also formed 
by mere contact of the liquids at ordinary temperatures. It is n neutral liquid, having 
a slightly ethereal o<lour. Sp. gr. 1*20. Mixed with half its bulk of water, it forms a 
clear liquid, which becomes turbid on the addition of two or more volumes of water; 
but the acetin does not separate from it, and tlio emulsion continues opalescent even 
after the ad^tipn of a large quantity of water. Treated with alcohol and hydrochloric 
acid, it forms glycerin and acetate of ethyl. It mixes with ether. 

Diaectin, also called Acetidin, = C»HK)*.H.(C*lPO)» - C»H»0» + 2Cm<0» 

— 2H*0, is obtained by heating glacial acetic acid with excess of glycerin to 200^ for 


3 hours; by heating the same two liquids togetlicr at 276®; by heating glycerin to 
200° with acetic acid diluted with an eijual bulk of water ; and by heating to 200® a 
mixture of I pt. of glycerin with 4 or 6 pts. of acetic acid. It is a neutnd odori* 
ferous liquid having a sharp taste; sp. gr. about 1’86, Boils at 280°, and distils with- 

" ASjumes a viscid consistency at— 40°. It becomes slmhtly acid by 

ntact with air. 100 pts. of it ac^b^ed with baryta, yield 62*4^ pta.^ of 
a quantity of acetate of barium corrospondmg to 66*4 of acetic acid ; 


neutral odori* 

. ^ L distils with- 
out alteration. 

prolonged contact ■' , * . 

glycerin and a quantity of acetate of barium Corrospondmg 1 _ _ _ 

cjilcuhition requires 62*3 glycerin and 68*2 ace^c acid. With aicohcd. ,and nydro- 
clilortc acid it yields glycerin and acetate of ethyl. It dissolves in ether and in bei 
Triacctin, 6h** 0* - C*H*0».(C?H»0)* « C*IPO» + 3C*Ii;0* - — Obta 

by heating diacetin to 260° for 3 hours with 16 to 20 times ito weight of f** 
acetic acidl Besembles the preceding compound, Sp. gr, 1*174 at 8 . ^ 
without residue. 100 pts. saponified with baryta yielded 80*6 pts. ocetie 'OiOid^j 
431 glycerin; by calculation it should be 82*6 acetic acid and 42*2 glycjejrJju,, 


insoluble in water, but soluble in dilute alcohol. ^ ^ .. ja-,;yiea^ 

A compound of acetic acid and glycerin, probably triacetin, appesri to eawtTii 
liver oil (Bo Jongh, Bers, Jahresl^r. 1843), and in considerable qtmnrity in talC ml 
obtained from the scidsof Euonymua europauM (Sch weiaer, J. pr. Cbenn liii. 487)i 
Acetic acid was also observed by Chovreul among the product of tha sapo^^aation of 
fats. , 

Aeetocldorhydrin, C*H*C10» = C*H*0* -r C>H‘0* * HCl - 2IPO, |* obtafa^^ ^ 
passing hydrochloric acid gas to saturation into a mixture of acetic acid ai^ glycet^ 
lieated to 100° and saturating the liauidwith carbonate of sodiuin, leaving it 
at rest for several days. This process yields the compound mixed with ^chlorhvdnu.. 
It is also obtained, together with the following compound, by the action of cblot^ 
of acetyl on glycerin. It is a nentnd oil, smelling like acetate of ethyl and volaUUsing 
at about 260°. 

AeetodichlorhydHn,01SHSW^^ « C*HW + + 2HCI - 3H*0, is obtained 

adding chloride of acetyl to glycerin externally cooled, as long as any act/bn takes 
place, distilling the product, and purifying the distillate obtained^ between 180° and 
16(1°, by agitation with water and then with an alkali, drying with chloride of cal- 
cium and qoicklime, and fractional rectification. It is a transparent neutral oil 
having a refreshing ethereal odour, sparingly soluble in water and distilling at 206 
'without decomposition. (B ert helot and I>e Luca.) • a 

Diaceicchlorh^nn, C»fl»C10^ - C»n*0» + 2Cm«0* + HCI - 3H*0, is obtained 
by the action of chloride of acetyl on a mixture of equal volumes of glycenn and 
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usial acetic acid. It is a neutral liquid which voIatUiscs at 245^. (Bert helot aod 
6 Luca.) 

Similar componnda are produced by the action of bromide of acetyl on glycerin. 
f treating glycerin with a mixture of chloride and bromide of acetvl in equal numbers 
atoms, iusetochlorbromhydrin^ C*Jl®ClBrO® ** C*H*0* + + HCl + HBr — 

B[®0, is obtained as a neutral colourless liquid, smelling like acetate of ethyl and 
omide of ethylene, boiling at 208®, and distilling without decomposition. It is 
•mowhat coloured by exposure to light. ^Berthelot and De Luca.) 

The formulae of all iJiese compounds may bo derived from that of a triple molecule 
HUO 

water HHO, By replacing 3 at. hydrogen in this formula by the triatomio 
HHO 


H O 

dide, glyceryl C*H®, we obtain glycerin H(C*H*)0. Beplacing 1, 2 or 3 at. H in 

H O 

is formula by acetyl (0®H*0 — Ac), we obtain monoacetin, &c. ; and, lastly, the re- 
ocoment of one or two moloeulos of peroxide of hydrogen (HO), by chlorine in the 
rmul» of monoacetin and diacctiu gives the acetocnlorhydrins. Thus : 


enacetin • 


setoelilorhydrin 


sotodichlorhydrin 


II O 

. Ac(C»H*y''0 
H O 

H O 

, Ac(C=«H7/'0 
Cl 
Cl 

. Ac(C*H»)'"0 
Cl 


Acetochlorbrornhydrin 
Diacetochlorhydrin • 
Triacotin . 


Br 

. Ac(C»H'‘)'"0 
Cl 

Ac O 

. Ac(C*IP^"'0 

. Ac»(C*H7"0». 


ACBXXTS. A compound formed from acetic acid and mannite in the same manner 
acetin from acetic acia aud glycerin. (Bor the lot, Compt. rend, xxxviii. 668.) 
AOB'TO IHUnrSBa A hydrometer graduated for determining the strength of com- 
sreial acetic acid according to its density. (See Acetic Acid.) 


AOSTOm. cni«0 « envoxnv = CO(ClPy. Pyroacetic spirit, Essiggeist, 
rcMesBiggeist (Om. ix. 1 ; xiii. 462; Gerh. i. TOO*, iii. on : iv. 906). -This compound 
IS long boon known us a product of the destructive distillation of acetutivs (p. 2s), It is 
80 pr^uced by |)a8aing the vapour of acetic acid through a red-hot tube ; Ijy heating 
im, sugar, Jiartoric '‘acid, citric acid and other vegetable substances in contact with 
as ; and by heating citric acid with wrnuiganate of potussiuin, or with a mixture of 
ll^de 0# manganese and dilute sulphuric acid, (Piban de St. Gill os, Compt. 

iid;' 3riyii. 666 ,) 

C*H*0» + O « C*H«0 + 3CO* + H»0. 

■ , Citric acid. 

li:iia|ii^ared : 1. By distilling acetate of barium or acetate of calcium at a mode- 
ta he^ the metal then remaining in the form of carbonate : 


(C*H»0*)*Ba'" - C?»H“0 + CO'Ba-'. 

Acetate of baifelaza when dijr and pure, yields a perfectly colourless neutral distillate, 
fiiet pure Metoui^ _ The calcium-salt requires a higher temperature to decompose it, 
distillate is in consequence contaminated with an empyreumatic oil, called 
iwuisen, — 2. By distilling in an iron retort or quicksilver liottle, a mixture 

2 pts. of acetate of lead and 1 pt. of pounded quicklime, rectifying the product 
reral times over chloride of calcium, and finally distilling over the water^bath. 
Acetone is a limpid, very mobile liquid, of sp. gr. 0*792 at 18® (Liebig), 0*814 at 0® 
:. Kopp). Itdoes not solidify at -15®. Boilsat 66® (Dumas), at 56*3® (Kopp) 
dor a pressure of 760 mm. Evaporates quickly, producing a considerable degree 
cold. Vapour-density 2*0025 (D umas). It has an agreeable odour, and u biting 
te like that of peppermint. It is veiy i^ammable, and burns with a white flames 
thout smoke. 

icetone mixes in all proportions with water, alcohol, ether, and many compound 
Lera, It does not dissolve potash or chloride of oolcium. It dissolves many cam- 
irs, fats and resins. 

Icetone forma definite compounds with the alkaline bUulphiUe, The potassium 
^ C*H*0 + SO* (KH), and the sodium-salt, C»H*0 + s6»(NaH) OTstallise in 
reouB scales (Limprich t). The ammonium-eaU, C*H*0 + SO»(Nn*H,) is de- 
lilcd on mixing an alcoholic solution of bisulphite of ammonium with acetone, in 
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[aminie rMembling cholesteriiit whicli quickly aggregate into a hea^y eryetalHaa 
powder. (Stadeier.) 

Acetone wae rogairded by Kane ae an alcohol, containing the radide C*H\ 

which he called According to this view, however, the oxidation of acetone 

should yield products containi^ C*, just as the oxidation of common alcohol, C*HH) 
yields aldehyde and acetic acid containing C* ; but no such nroducts are obtained. 
A more probable view of the composition of acetone is that of Cnancol, who regards it 
as aldehyde coupled with mothylone, C*H^O.CII*, or, which comes to the same thing, 
that of Uerhardt and Williamson, who regard it as aldehyde in which the basic by- 

drogen is replaced by methyl; >. This view is quite in accordance with the 

decomposition of acetates into acetone and carbonates. For acetyl may bo regonled as 
a compound of methyl with carbonic oxide ; [C*HH) «* CIl*. CJO.] ; and it is easy 

to conceive that a molecule of acetate of barium, | may decompose in such 

a manner that the CO of one of the acetyls may unite with the barium and the two 
external atoms of oxygen, to form carbonate of barium, while the methyl remains in 
combination with the other atom of acetyl, forming acetone : 


CH*.CO) 

Ba" 

cn*.co 

Acetate of barium. 


0 * 


O* 


CO 

Ba" 


Carbonate 
of barium. 


CH*.COj 

cH- ; 


The same view is strengthened by the fact (discovered by Williamson) that when a 
mixture of acetate and valerate of barium is heated, an acoteno is formed containing 
acetyl coupled with totryl (C*II*), or valyl (Cni*0) with methyl : thus 




jCO}. 


+ 2 


,CH*.CO> 


Decompositions of Acetone, — 1. Acetone paMcd in the state of vajXMnr tlirough ared* 
hot tube, de]x>sits charcoal and is converted into a pc(*ulLar oil called rfowurstn, whifh 
generally passes over together with acetone in the <listillution of acetate. 

2. Acetone is decomposed by cMorinc^ a portion of its hydrogen being r^lacedi by 
that element; but it is not posaiblo in this manner to replace the whole of the hydro- 
gen by chlorine; even ii mixture of clilorate of potassium and hydrochloric acid does 
not iipjDcar to be capable of replacing more than two of the hydrogen atoms 1^ chlorino. 
Tlie higher chlorinated acetones, may however be obtained by the action of cblorihs, 
or the mixture just mentioned, on other organic bodies. (»Se-e Cnyt^BAC^OMRi^ p. 29.) 

Chlorine^ in presence of alkalis, converts acetone into chloroform ; . y 
C>H«0 + 12C1 + H*0 * 2CHC1* + CO* + 6HCL 4' 

Bromine, in presence of alkalis, acts in a similar manner, producing bxxiznofCBPiiltv H 
iodine forms only a dork pitchy mass. .T ^ 

4. Hydrociiloric acid gas is al.sorlH?d in largo quantity by acetone, and aceovd^ to’ 

Kane, yields chloride of mesityl (or chloropropylene) Hydrioditi^ 

passed into acetone forms, according to Kane, iodide of mesityl, C*!PJ, wHjp 
over with the hydriodic acid; iodide of pteleyk O^H*I (or rather trHiodmqesifyu 
CTI*!*), which remains snspcjided in the rsridukl liquid, in the form 0 C^ 0 ij| 

and mesityl-hypopliospliorous acid, C’H*0,PH0, which sepnintes te, iii^ heedlefi M 
the liquid codls. Fried el (Compt. rend. xlv. 1013) stated that a^iMslaiioiH>f h^diB^ 
chloric acid g.as in acetone yielded, when heated to 100®, acetic acid and 
methyl (2C*H«0 + 4nCl « C«II*0» + 4CII»a), and similarly with hyfj-*' 
hilt he has since admitted that these results were obtained with impure i 
taining wood-spirit. ' 

5. With pentaehloride of phosphorus^ acetone yields chloropromrlene, C*H*C1, 

at about 30® and methylohUrrcioeUd, a compound isomeric with chloride of propylene, 
C*H*CP. This body treated with silver-salts, ammonia, ethylate of Bodium, or slco- 
hoHc potash, is resolved into hydrochloric acid and chloropropylene, identical with the 
body obtained by the action of alcoholic potash on C*J1"C1*. Hence it appears ^lat 
acetone is related to the propylene series. (Frledel, Ann. Ch. Pharm. cxii. 280.) 

6. Strong nitric acid acts violently o» acetone, giving off cotious red fhm<», and 
forming mesitic aldehyde, C*H'‘0, ana nitrite of pteltyl, C*H*S’0*. for rather trinitro* 
meritylene, C*fl^NO*)*], together with oxalic anA eyannrie acid ^anc). By 
dropping acetone into f^ing nitric acid contained in a flask externally cooled, Mn 
adding water as soon as the action ceases, a beavy oil is obtained, which explodes with 
violence when heated, giving off red fiimes. (Fit tig, Ann. Ch, Pharm. cx. 48.) 

7. Acetone mixed with strong sulphuric acid becomes heated, and, ac<* 0 !rding to 
quantity of acid present, and the rise of tempE^rature which takes place, fonns either 
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i xide of mesityl, op mesitylene, C®H'* together with mesit^lsulphuric acid, 

bO^.C*H*.H, and sulphurous acid. (According to Kane, the composition of mesitylsul- 
phurioucidiB and there is formed at the same time another acid 

called acid, 2 80* E), 

8. Glacial^Aos2>^^^ acid forms with acetone a dark brown mass, partly consisting 
of mesitylphosphoric acid. (Kane.) 

9. A solution of phosphorus in acetone turns acid when kept for some wee^, and 
more quickly when heated, even in perfectly air-tight vessels. According to Zeise, the 
change consists in the formation of tliree peculiar acids, to which he gives the names, 
phosphacctic^ aoephosgenic and acephoric acids ; but their nature and composition have 
not been clearly made out. Products of like nature are obtained with stdphtir. Sulphide 
of phospfwrvs forms with acetone a peculiar acid, and an oil which has a powerful 
odour but no acid reaction. (Zeise.) 

10. A solution of ammonia in acetone yields, by spontaneous evaporation, a colour- 

loss syrupy residue, which gradually changes into an alkaline liquid, consisting of 
acetoninCf an organic base, which hears to acetone the same relation that 

amarine bears to bitter-almond oil : 

3C>H«0 + 2 NH» « + 3H*0. 

The non-basic compound first formed is perhaps isomeric with acetoiiine. (Stadeler, 
Chem. Gas. 1853, 241.) 

11. By the action of ammonia and sulphur on acetone, Zeise obtained a number of 
products, which however do not present any definite characters, (Gm. ix. 11.) 

12. By the simultaneous action of amuwnia and hgdrosulpkurio aeid, acetone is 
converted into thiacetonine^ a sulphuretted base consisting probably of 
It crystallises in shining yellowish rtiombohcdroos, having an alkaline reaction, 
sparingly soluble in water, but dissolving with facility in alcohol, other, acetone, and 
dilute acids. (Stadeler.) 

13. When^l volume of acetone is mixed with 1 voL disulphide of carbon and 2 vols. 

aqueous ammonia^ laminated crystals, resembling ice, form in tlio liquid after a few 
days ; but these gradually disappear, and are succeeded by large yellow crystals, which 
are insoluble in water, sparingly soluble in ether, but dissolve, with decomposition, in 
warm alcohol and in boiling hydrochloric acid (Hlasiwetz, J. pr. Chem. li. 355). 
Hlasiwetz aBsjgns to these crystals the improbable formula Stiidcler, on 

the other haa^regards them as the hydrosulphate of an organic base, carbothiacetonine, 
C*®H**1S[*S*, and represents their formation by the equation, 

3C«II«0 + 2NH> + CS» c= C‘®H»N=*S» + 3H»0. 

Th® formula H*S agrees pretty nearly with tlie analytical numbers ob- 

. joined by Hla^wetz. A cold alcoholio solution of the crystals forms with dichloride of 
plaiin;^m a browi^ amorphous precipitate consisting of C>®H*“N“S*.PtCl*.PtS, 

and ^th morcTiric chloride a white precipita^, which, according to Stadeler, is merely 
Hg^Gl^ mixed with a small quantity of hydxochlorate of carbothiacetonine. 

14. Acetone heated with a mixture of hydrocyanic and hydrocfUoric acid^ is con- 
vert into acetonio acid, (Stadeler): 

C*H«0 + CNH ^ 2H*0 « + NH». 

15. Acetone distilled with acid chromate of potassium and sulphuric acid giv 3 S off 
and carbonic acids, but no formic acid ; 

, • C»H«0 + 40 i- C*H«0* + CO* + H*0. 

' W. . allcalis, such os hydrate of ^potassium and quick lime, exert a debydra- 

acUon on acetone, several products being formed, according to the proportion of 
water abstracted. Lowig and Weidmann, by subjecting acetone to the action of 
hydrate of potassium, obtained a dark brown mass, consisting chiefly of xylite-oU, 
which boiled at 200*^, together with a resin which they call xyliie^resin, 
Volck^ by leaving acetone for some time in contact with quick lime, also obtained an 
' oibboiling above 200^, which he regarded as |ylite-oiL But, according to Fittig 
(Ann. Ch. Phann. cm 32), the products obtain^ by the action of quick limA in closM 
vesseM* are oxide c^mesityl, C*H'®0*, boiling at 131°, and a liquid isomeric or iden- ' 

■ with phoroTte, l^t must also be noticed that Schweizer and Weidmann 

(J. pp. Chem. xxiii. 14) obtained xylite-oil, and likewise xylite-naj^tha, C**H**0*, by 
the action of potIbKnhd of strong sulphuric acid on a compound produced from ernde - 
wood-spirit, iihich those chemists called xylite, assigning to it the improbable formula 
bat which was probably nothing but somewhat impure acetone. On the 
whole it appears that the actiem of alkalis on acetone is flimilai* to that of eulphorie 
^d (p. 5^ cc^iating in an abstraction of the elements of water. The producti 
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»tain«d by the aetion of thm dehydrating agents on acetone may be arranged aa fol* 
wa» according to their boiling-points : 


Xylite-naphtha • . C»H«0> » 4C*H*0 - H*0 

Oxide of Mesityl . OH*«0 - 2C»H«0 - H»0 

Mesitylene - . - 3C*IPO - 3H»0 

Phorono? . . C-H^O - 3OTPO - 2H«0 

Xylite-oU . . C'*H'*0 » 4C*H*0 - 311*0 


Botltnspoint. 

. Il0‘^tol200 
n 131^ 

. 166® „ 160® 
, 210 ® „ 220 ® 
. above 200® 


Vapour of acetone passed over heated hydrate of ^M>tas8mm or potash-lime is resolved 
into marsh-gas and carbonic anhydride : 


C*H«0 + 2 KHO = CO*K* + 2011^ 


?r if the heat is not very strong, the chief products aro acetic acid, formie acid and 
iiydrogen: 

C»H*0 + 2 KHO + H*0 « C*H*KO* + CHKO» + 6 H. 

17. Sodium is violently attacked by anhydrous acetone, hut without evolution of 
hydrogen, and hydrate of sodium is separated in white flakes. The liquid gradually 
assumes a pasty consistence, and the sodium heroines coated with oxide, so that it no 
longer acts perceptibly on the aci^tone. On distilling the imiss, imdecomposed acetone 
passes over first, and afterwards a watery lic^uid etdlects in tlio receiver, covered with 
a yellowish oil. On pouring the distillate into a basin, so that tlie undeoomposed 
acetone may evaporate, the watery layer solidifies in a white crystalline mass, from 
which Uie oil may be separated by pressure between paper, Tho crystals consist of 
hydrate of pinacone^ C"U‘*0+ 7 H*0, and the oiJy liquid is phorone^ 0*I1**0. The 
pinacone is produced by the abstraction of 1 at. oxygeu from a double molecule of 
acetone : 

2C»H«0 2Na - Na*0 + C«H^»0; 

and the anhydrous pinarone thus formed appears to take wates from another portion of 
the acetone, converting it into phorone : 

3 C*H*0 ~ 2 H*0 - OTI'^O. 


By beating the ciystals of hydnited pinacone in a narrow glass tube, a viscid liquid 
Is obtained, which absorbs water raphlly from tho air, and is roconv^rted into the 
crystulUne hydrate. This liquid appears to be anliydroiis pinacone ; but it is' difficult 
to expel all the water (Stadeler, Ann. Ch. Tharm cxi. 277). Kittig (ibiA ex. 23) 
assigns to tho hydrated crystals, the formula C*H“0 + uHH), regarding them as tho 
hydrate of paracetone^ a compound isomeric with acetone, wliich he also st4it<us is ob- 
tained in nuhydrous crystals, by the action of ammonia on acetone. Fittm's formqitt 
do not, however, agree with the result of analysis so well as StildeWs (sf^oraermb]^ 
moreover it is very unlikely that sodium should act with violence on withbul 

abstracting a portion of its oxygen. The action of ammonia on acefbne, produses, 
cording to Stadeler, not a crystalline compound, but a liquid organic ba^ aoetonina 
(p. 32). 

18. Dry dissolves in acetone, with evolution of heat, and 

forms a brown solution, which, when evaporated, gives off hydrochloric acid, and leaves 
a resinous mass, containing among otner p/nducts a yellow crystalline substanos . 
called acechlorido of platinum or chlorop^tmiU of muityU C>H**O.PtCl*.(f) 
compound may be obtained in larger quantity, by triturating tetrachloride of piattnvw 
with acetone to the consistence of a thick paste, leaving the mass in a close vessel ISt' 
it liquefies and ultimately forms crystals, washing these crystals with acetone, and 
purifying them by ciystallisation from boiling acetone. Acechloride of platinnni thus 
obtained is yellow, inodorous, sparingly soluble in water, alcohol and ether, more' 
readily in aqueous chloride of potassium or sodium. Cold acetone dissolves A • 
boiling acetone a little more. The aqueons solution reddens litmus. The eomnoond is 
decomposed and dissolved by potash, forming a brown solution. When boiled with 
water, it deposits a black substance c^ed aceplatinoug oxide, pobably C*Pt04 ^ The 
same substance is depfjsited on boiling the mo|ber>liquor of aciehlotide of platinnm. 
The acichloride yields by distillation a residueiff carbide of ptatlAianii PtO. (^eise, 
Ann. Ch. Pharm. xxxiii. 29 ; 0m. ix. 31.) v ^ .i 

SvBsrmmoir-vBOBncTS op Aenrom. Chloraetionse^'l^chcdihjgnUmu of faydib- , 
l^n in acetone may be replaced by chlorine, giving rise to six chlofeinatqd aoetoncs. The 
first of these compounds is obtained by the action of nascent MshJonM^bn acetone ; 
the second bytht^of dilorine or the oxides of chlorine on acetone ; 6e third and 
fourth by the action of chlorine on crude wood-spirHv probably contkuoi^ at^tone ; 
the fifth and sixth can only be obtained by the adion of chlorine or the oxides of 
elilorine on other organic compounds, ^ 
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MonocM&rfwetone^ C*H*C10, is obtained by the action of a feeble ehctric current 
(from three Bunsen's cells) on a mixture of acetone and hydrochloric acid, tlie 
chlorine set free at the positive pole from the hydrochloric acid, acting on the acetone 
and taking the place of 1 at. hydrogen. It is an oily, colourless liquid, which, when 
separated from the watery solution and rectified, boils at 117®, has a sp. gr. of 1*14 at 
14®, and vapour-density =5 3*40. Its vapour acts strongly on the nose and eyes, pro- 
ducing a copious flow of tears, (Kiche, Compt. rend. xlix. 176.) 

IHchloracetone, C®H^CPO (Kane’s cA/oro/), is produced by passing diy chlorine 

into anhydrous acetone, or better, according to Sttideler, by mixing acetone in a capa- 
eions flask with twice its volume of strong hydrochloric acid diluted with an equal 
bulk of water, and adding pulverized chlorate of potassium by small portions. It is 
an oily liquid of sp. gr. 1*331 (Kano); 1*236 at 90® (Fittig). Boils at 116*5° (Sta- 
dcler); at 121°*5 (Fittig). Vapour-density 3*2. Its vapour smells like chloro- 
form at first, but, after a few seconds, attacks the nose and eyes with violence. The 
liquid blisters the akin like cantharidcs, producing wounds which are difficult to heal 
(Liebig, Kane, Fittig.) It is insoluble in water, but mixes in all proportions with 
ucohol and ether, 

l}richloraeetQne, C®n*Cl*0, is obtained by the action of chlorine on wood-spirit. 
When chlorine gas is passed into orlinary (unpurified) wood-spirit, crystals are formed 
consisting of C^H'^CFO* {chlvromesitate of 'inethylene\ but if the action of the chlorine 
be further continued, tho crystals disappear, and an oily liquid is formed, which is 
terchlorinated acetone. It is heavier than water, has an extremely pungent odour, 
and cannot be distilled without decomposition. (Bonis.) 

Tetrachloracetone^ C*IPC1'‘0, is obtained by dissolving tho crystals just mentioned 
in wood-spirit and passing chlorine through the solution. It is an oily very volatile 
and pungent liquid, which blisters the skin. When exposed to moist wr, it forms 
crystals containing C*II®C1^0 + 4 H*0, wliich melt at 35° and dissolve in water, alcohol 
and ether, forming solutions which are not preeipitnte<l by nitrate of silver. Tho crystals 
distilled with phosphoric anhydride yield the original anhydrous compound. This 
and the preceding compound are doubtless formed from acetone contained in the wood- 
spirit. (Bouis, Ann. Cih. Phys. [3] xxi. 111.) 

Fentachloracetone^ OJHOPO, is obtained by the action of a mixture of chlorate of 
|K>tassium and hyditicbloric acid on seveial organic compounds, viz. kinic, citric, 
gallic, pyrogallic, catechucic and salicylic acids, also kinone, muscular flesh, albumin, 
mdigo and tyrosin. Tho best modo of preparing it is to add a considerable quantity 
of chlorate of potassium to a boilhig solution of kinic acid, and then add strong hydr^ 
chloric acid in such portions that chlorine and chlorous acid may be continually 
evolved. The distillate is concentrated by rectification over chloride of calcium. It 
then, if tolerably pure, solidifies into a crystalline hydrate when covered with water 
.at 4® j If no solidification takes place, the product is contaminated with other 
oils, andMIm^be purified by agitating it with ice-cold water, and heating the de- 
canted a&l^^u^ed liquid to 60° ; the greater part of the oily impurities then separate 
out. Tfo 'praify it oompetely, it is converted into the crystalline hydrate as above men- 
tioned, and the crystals are pressed between paper. The pure anhydrous compound 
may be obtained by melting the crystals in a glass tube, whereupon they separate 
into a watery and an oil^ liquid, the latteir, which is undermos^ being pure anhydrous 
pentachloracetone. It is a colourless rather mobile oil, having a biuming aromatic 
^te, and an odour like that of chloral. Sp. gr. between 1*6 and 1*7. It remains 
liquid at —20° and boils at 190°. The hydrate, which crystallises in rhombic tables, 
contains 4 atoms of water. Water dissolves ^ of its volume of anhydrous penta- 
chloraeetono, and on the other hand, this compound takes up a certain quantity of 
water without change of appearance ; but it then becomes turbid at the heat of the 
band, like hydrated conine. Pentachloracetone dissolves readily in alcohol and ether. 
The alcohoho solution mixed with alcoholic potash deposits chloride of potassium 
together scaly crystals, probablj^ consisting of dicnloracetcUe of potassiujn, and 
the B0lu|$oR% found to contain formic acidx 

C»HC1K) + H*0 - CHC!1» + C»H*a*0* 

ChlerotOnn. Dlchloracetio 
' acid. 

and; CHCfi* + 2 H*0 « 3 HCl + CIPO*. 

{Sttideler, Ann. Ch. Phaita. cxi. 277.) 

Hexaciklontcei^ (disooverod by Plant^our, who assigned to it the formula 

((PCl**Op, ia ooinnedn^ the action of chlorine in sunshine on an aqueous solution of 
citric acid. It is an oity liquid d peculiar pun^nt odour, sp. gr. 1*75 at 10°, and 
*l)olling between 200° ana 201°. It makes transient grease spots upon paper, gra- 
dually reddens Htmus paper, and forms with water, at temperatures not n^re 6°, s 
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erystaUine hydn^ C*C1*0 11*0, which at a ternfM^mtiirc alxnro 16®, with 

separutioa d an oiL 

Bromaceione^ C*H*BrO, Is produced similarly to monochloracetono, vis. by tha 
action d a 6eeble electric cnrrent on a mixture of acetone and hydrobromic ncid. It is 
colourless when first prepared, but turns brown in a few minutes, and is decomposed by 
distillation, the greater portion however passing over between 140® and 146®. Its va- 
pour irritates the eyes so strongly that the spilling of a few drops renders the air of 
n room unendurable. (Riche.) 

lodAceione appears also to be formed in small quantity by the electi'olysis of a mix- 
ture of acetone and hydriodic acid. (Riche.) • 

Methylaoetone^ CWO « C*H*(CH*)0. — When crude commercial acetone, 
or, better, the brown liquid which floats on the top of it, is dehydrated with chloride 
of calcium and tlien subjected to fractional distillation, pure acetone passes over below 
60® and the distillate which is obtained between 60® and 130®, yields, after about 
thirty fractionations, three distinct coinpouiuls. viz. methylacetoiie, boiling lietweon 76® 
and 77®, othylacetone, C*H”0, between 90®, and 96® and dumtisin, betwoon 

120® and 126®. (Fittig, Ann. Cb. Pharm. cx. 18.) 

Methylacetono is a colourless liquid of sp. gr. 0 838 at 19® C. having the odour of 
acetone, niiMciblo in all pro^iortiouB with water and alcohol. It combines with acid sul- 
phite of sodium, forming a crystalline compound, 2C^II’NaS0* + 3 IPO, which is very 
soluble in water. 


EthylacetonCf C*n*’*0 « C*II*(C*n*)0. — Transparent^ colourless liquid, smelling 
fill ntly like acetone, sparingly solublo in water, but misciblo in nil proportions with 
alcohol, sp. gr. 0*842 at 19®. Boils between 90® an<l 05®. WitJi acid sulphite of sodium 
it forms the compound 2C*H*NaSO* + 3 H*0, which crystallises in colourless nacreous 
laminio very soluble in water. (F i 1 1 i g . ) ** 

ACBTOJBVS or XSVOiru* This term is applied to a class of compounds 
which, liko that just described, are composed of an acid-radicle unilied with an 
alcohol-radicle. Nearly all the acetones at present known consist of l&e radicle of 
a fatty acid combined with one of the corresponding nlcohpl-j^icloa ; their general 
Ibrmula being C“H **™+ * . C*H * O. where m may bo either |^atcr or less t^an «. 
When m s 0, the acetone becomes on aldehyde, * O ■■ tlia 

acirtoncs may therefore be regarded os aldehydes in which 1 at. hydrogen iS'^re- 
phicod by an alcohol-radicle. 

Acetones are either simple or compound. In the simple acetones, m <» n — 1, so that 
their general formula is C*"**H*‘'*^C*H***“*0, ■■ Ums, acetic acetone, 

for which » » 2, is CH*.C*H*0. The simple acetones are produced by heating the 
barium or calcium salts of the fatty acids, a moleculo of the salt being decomposed In 
such a manner that one atom of Its acid radicle is resolved into the next lniM[|||lpDhQl- 
radicle and carbonyl (CO), so that a carbonate of calcium or barium ^ the 

same time; - . 


?! 


o*. 


Cft' p “ o-'n'-'l Ci' 

The formation of acetic acetone or mcthyl-acet^l (p. 26) bji' the decomposition of 
acetate of barium, is a particular example of this process. In like manner, proptonc 
or etkyl-^optonylf C®II*.C*H*0, buttfrone or irityl-butyryl^ C*fl’.C*IPO, valerone or 
ictryl^valyl^ C*Bf*.C*E[*0, are produce^l by the decomposition of the propionates, bnty^ltes 
valerates, &c. 

These simple acetones were the only on^ known, till Williamson in 1851 (Chem. 
Soc- Qu. J, iv. 238) showed that, by distilling a mixture of the barium or calcium salts 
of two different fatty adds, acetones may be obtained in which an add radicle is as- 
sociated with an alcohol-radicle which is not the next below it in the series [ot greater or 
lera than n— 1] ; these ore the so-called compound or intermediate acetone^ If the 
aci<^ whose salts are distilled together contain p and q atoms of carbonjf£(j|ll|^decom- 
posikion may be represented by the equatkm : ' % 




or, since it is indififerent which of the add md^em we suppose to be deoompoMd, the 
formula of the acetone thus produced may also bo,^ 2 ^^ 4 p* 5 1 • ^ mixture of 

acetate and valeratoof calcium yields bydistillation cither or 

tetry^aeetyl, C*H*.C*H*0, either of theee formulae being equal iT Possibly 

two isomeric compounds having these formnlof n^y be produced together. If one of 

the mixed* salts is a formate, alc«hol-radide sepafated H 

duced to an atom of hydrogen, and the acetone beoomos an aldehyde, (See AtnanimM.) 
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compoimd acetones are a^ produced, together .with the simpre acetones and 
other products, when a calcium or barium salt of a fatty acid is distilled alone. Thus 
the distillation of but]^te of calcium yields, besides butyrone and a small quantity of 
butoal, a considerable number of hydr^rbons (Bert helot, Opn^t. rend, xliii. 236); 
andumongthese, methyl and ethyl appear to occur, and give rise to the formation of ethvU 
hutyryl, and methyl-hutyryl^ CH*.C^IFO. (PriedeJ, Compt, rend, 

xl^. 663.) 

^ The following is a list of the acetones, or ketones, at present known, which are de- 
riyed from the fatty acids : 


. Methyl-acotyl (Acetone) . 
Methyl-butyiyl 
Ethyl-propionyl (Propione) 
Ethyl-butyiyl . 

Methyl-valyl 
Trityl-butyryl (Butyrone) 
MetUyl-mnanthyl 
Tetryl-valyl (Valerone) 
Amyl-capronyl (Oapronone) 
Heptyl-capryl (Caprylone) 
Octyl-pelargonyl (Pelaigonone) 
Laurone .... 
Myrifltone 

Palmitone or Margarone . 
Stearone .... 


C‘H‘0 « CH* .C*H»0 
C* H^O « gH». . H' O 

C«H«0 C*H*.C*H»0 

C* H«0 = C H» . C» H’ O 
C’H»0 » C"HT.C*H»0 
» C 

C»H«0 « C*H».C*H''0 
C>*H«0 C*H”.C«H»0 

C»H»>0 » C’H'*. 

C>*H**0 s* C*1I” C?*H‘»0 
C**H*«0 « C"H“. c*®h;“o 

C«H«0 «= C'*K*K C**H"0 
C**H’*0 « C**H«0 


Some of the compounds in this table are isomeric, y, propione and butyracetoneu 
Among the higher terms of the series, the number of such isomeric compounds is doubt- 
less yery great, though but few of them haye yet been obtained. 

These bodies, with the exception of acetic acetone, haye not been much studied. 
Their reactions, so far as they are known, resemble those of common acetone already 
described. The lower terms of the series unite with the acid sidphites of the alkali- 
metals, generally forming crystalline compounds. The best mode of purifying the 
acetones is to shake them up with a strong aqueous solution of acid sulphite of potassium 
or sodium, and distil the resulting solid compound with potash. The acetone then 
piuases oyer pure. 

But little is known respecting acetones belonging to other series of acids. Two 
bare been formed containing the radicle benzoyl, viz, benzophenonet or phenyl-benzoyl^ 
C**H*!^ .•« C*H*.C^®0, the acetone of be nzoi c acid, obtained by heating benzoate of 
potassium ; and methyl^befizoyl^ C*H*0 *= C1£*.C’1I*0, obtained by f^intiTling together 
equiyalent quantities of acetate and benzoate of calcium (Fried el), Benzophenone 
tMted nitric acid yields nitrobenzophenonef C'*H*(N0*)*0, 

^ Tj^cidid;|tim-salt of camphoric acid, which is dibasic, yields by dry distillation an oily 
liquid oall^ jpAoronc, which has the constitution of an acetone : 

(?H »0 +COjo.. 

Camphorate of phoreno. Carboitate of 
calcium. calcium. 

and suberate of calcium, C®H'*O^Ca, yields in like manner suberone, C'H**0, mixed 
with other products. These are the only two apelonos of dibasic acids yet discovered. 
(Gerhardt, Traitd, iv. 640.) V-’” 

. f*^^^*®****". ^^**^** — ^Produced by the action of ammonia on acetone (p. 28), 
either when a solution of ammonia in acetone is left to evaporate spontaneously to u 
oymp, or when acetone saturated with ammOniu » heated to 100° -in a sealed tube. 
It is a ootourlea*! liquid, having a peculiar urinoi^ odOur, a burning taste and alkaline 
rwtLon, easBy soluble in water, aloobqli and ether. It unites with adds, forming salts. 

-r H^^jmiMlisea from a hot saturated alcoholic .solution 
in delicsie Colourless pnsma, whichjlpl sdhlble in water, insoluble in ether, give off half 
their water at 100° the rest betweea^ ftd; a nd 120°, and decompose at a higher tem- 
pMtxm. The cblo^utinatz, 2(C^*<W•3ffCI).PtCl^ forms lustrous, orange-coloured, 
four-ddedprisms with oblique terminal faces. It issolublein water,alBo in boiling alcohol 
containing hydrochloric acid ; insoluble in ether. (Stadeler, Ann. Ch. Phazm. cxL 308.) 

JL4my4Vll Ay - a compound obtained hj tieatuig acetate oif am- 

jnouiiim or acetamide with j^osphorie anhydride; 

^ -jWg«N; aai Om'VO - H-O - 


Acecualde. 
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it 10 identical with ^anide of methyl, obtained by distUling cyanhlo of potasstum with 
EtiethylBulphate of potassium. (See Gyanidb of MBTaTL.T 

Chloracttonitrile^ CrK31*N, op cyanide of trichlopometbyl, uCl*.CN, is obtained by dis- 
tilling trichloracetate of ammonium op trichioracetamidc with phosphoric anhydride, 
it is a liquid boiling at 81^; of sp. gr. 1‘4441. With boiling potash, it yields ammonia 
and trichloracetate of potassium. It is violentlj'' attacked by potassium. 

ACBTOXnrXM — A h 3 ’pothetical radicle supposed by ITIasiwetz to exist in the 

vellow crystals formed by the action of ammonia and hisnlj'hido of carbon on ncetoiie, 
filasiwetz assigns to these crj'stals the formula and regawls them as ««/- 

phfXJi/anate^o/ acrtont/l with suJahocarhonatfi of s?f/j^^Arrc tontil « 2 ( 0 *‘H”. 2 CN 8 ) + 
2 OH^^S.C'-H^N-S* Stadeler’s view of the constitution of tliis compound (p. 52), is 
much more probable. 

ACSXOSTXi. The name given Gorhardt to the li^'pothctical radicle 0*11* or 
originally called and supposed bj’some chemists to exist in acetic acid and 

its derivatives. (See Acetyl and Vinyl.) 

JLCSXOX'nb. Kolbe’s name for tho radicle C*IPO or C^lPO\ usually called 
acetyb which see. 


JLCBXnBBlO. Syn. of Acotjd'Urca. 

iLCBXXlta C-^IPO or Aceioxt/f^ Otfii/l . — A radicle not yet isolated, 

but supposed to exist in acetic acid and its derivatives, tho rational formula of acetic 

acid being, on this hypothesis, jj > O, and that of acetic anhydride, [ O. 

Tho reason for assuming the existence of this nidiele in tho acetic compounos is, 
that the formula to which it leads, affords the, simplest representation of tho most im- 
portant reactions of acetic acid and the other bodies of tha series. Thus, when acetio 

acid ^ 5 ^ } O is treated With a metallic oxido or hydrate, tho basic atom of hydro- 
gen is replaced by a met d, and an acetato of that metal > O is produced. On 

treating tho same compound with pcntasulphide of phosphorus, P'S*, the external atom 
of oxygen is replaced by sulphur, and thiacetic acid, jj- | S is formed ; and hy tho 

action of jientachloride of phosphorus, tho group IIO is replaced by Cl, and chloride 
of acetyl C'^IPO.Cl is produced. (See Acetic Acrn, and Acins, p. 44.) 

Formerly, however, acetic acid, and tho otlior members of the same group, were sup- 
posed to Im 3 derived from the radicle CJ®H* or and to tips tho name accti/i wai 

originally applied. Thus, anhydrous acetic acid was regarded as a trioxide of thiF 
radicle, viz, and the hydrated acid as a compound of this oxide w'ith water, 

viz. &c. To apply tho same name to two different radicles would of 

course create confusion ; hence the terms acetoxyl proposed by Kolbo, and othyl ^ab- 
breviation of oxygen-ethyl) by Williamson, for tho rmliele Cf-lPO. Most chemist^ 
however, are of opinion, that the radicle supposed to exist lu acetic acid and its deri- 
vatives, is most appropriately designated by wo term acf tyl; and nc<N}rding1y, this term is 
now generally applied to the ^gaoiip O^H’O, while C-'ll*, which more properly belopgs 
to another series of compounds derived from alcohol, ether and ethylene, and having 
a less intimate distant relation to acetic acid, is called by a different name. (See 
Acetostl and Vinyl.) 

Acetyl, C®1I*0 is regarded by Kolbe as a compound or conjugate radicle, 
containing methyl and carlionyh vi*. ; and in like manner, pro^uonyl, 

is regarded as a compound of etbyl': C®H*.CO ; butyiyl, C*H’0, ns a compound 
of trityl : C*H^.CO, &c, each^radicle of a fitly acid bemg supposed to contain the 
next lowest alcohol-ra^cle associated with carbonyl. This view, which has been 
adopted by Gerhardt, in his ** Trut5 de Chiniie Organique** jfl'bHSed upon tho fact 
that certain methyl-compound obtained fiwim acetic acid and its derivatives, 

and the eoatraiy; similar transformations lild^se taking place in tlie other terms 
of the series. Thus, a solution of acetate of sul^cted to electrolysis, yiehls 

methyl and carbonic anhydride : ' ' 

CH» W I Q „ q|p* ^ CQ. ^ H 


Methjrl. 


Acetic acid. 

Cyanide of metl^l boiled with aqueous potash gives off lunmoiiia and fomf seetatq ^ 
of potassitxm: 

CH'.CN + KHO + H*0 - 


J> 


Tou I. 


CtanMe of 


AeHtm or 
potateittau 
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and acotat« of ammonium (CH*.CO).NH^O, treated with.phoBphorlc anhydride, gires off 
2H*0, and i» reduced to cyanide of methyl, CH*,CN, Marsh-gas, or hydride of methyl, 
GH*.H, is produced by the decomposition of acetates (p. 12 ) ; and cacodyl As(CH’)^ 
by the decomposition of acetic acid. The formation of acetone or metliyl-acetyl, 
CH*.C*II*0, from acetates, and the corresponding transformations of propionat^ 
Talerates, &c. (p. 26), is another exanmle of the same kind of decomposition. Again 
it has been shown by Wanklyn (Chem. Soc. Q. J. xi. 103), that sodium-ethyl 
subjected to the action of carbonic anhydride is converted into propionate of sodium : 

C®H» Na + CO® « (C®^0)^0 ; 

Sodium- Vropioiiate of lodium. 

ethyl. 

and in like manner, acetate of sodium may be prepared from sodium-methyl. 
Lastly, many organic compounds, such as sugar, starch, alcohol, and acetone, which 
ore convertible into acetic acid by oxidation, may also, under the influence of chlorine, 
OP bromine, be converted into bodies belonging to the methyl-series, viz. clUoroform, 
C(HC1®).C1, and bromoform, C(HBr*).Br. It must be observed, however, that the 
representation of acetic acid as a methyl-compound applies chiefly to a state of transi- 
tion, just as the acid is being produced from or converted into a body belonging to a 
different series, and exhibiting different chemical relations ; so long as we are concerned 
with the transformation of one acetyl-compound into another, such as that of acetic 
acid into chloride or bromide of acetyl, or of the chloride into acetic anhydride, the 

forquula ^ sufficient for the representation of all the changes which take 

plaoe. 

The hydrogen in acetyl may bo partly or wholly replaced by other elements, viz. 
chlorine, Demine, &c. ; and hence arise the conjugate or derivative radicles, bTomacetyl^ 
chloracetylt &c., which, like acetyl itself, are hypotlietical, ndt having yet been isolated. 
The following table exhibits a general view of the compounds of acetyl and of the 
ladicles derived from it by substitution. 


Bromide of Acetyl . 

Chloride 

Iodide 

Hydride « , 

Hydrate . • 

Oxide . • 

Peroxide 
Sulphydrate 
Sulphide 

Nitrides . . 


Hydrate of Bromacetyl . 
Nitride 

Hydrate of Dibromacetyl 
Nitride .... 
Hydride of Tribromacetyl 
Hydrate of Chloracetyl . 
Nitride . . • • 

Chloride of Trichloracelyl 
Hydride . . . j ‘V 

Hydrate . • • . 

Nitride . • • 

Pho^hide . i 

Hydrate of lod^tyl » 

Nitride .. . . , 

Hydrate of Di-iodaee^ 
Nitride . . 

Hydride of Tri-iodacetyl . 



Bromide of Acetyl. C*H*O.Br. — ^Prepared by slowly adding glacial acetic arid to 
pentabromide of phosphorus in a tubulated retort, distilling, and rectifying: 

C»H*O.H.O + PBi»,Br» « C*H»O.Br + HBr + PBr»0. 


^ 4i a colourless liquid, boiling at 81®, When exposed to the air, itfrimes strongly 
immediately turns yellow* It colours the skin yellow, and is said to impart to it 
odonr of phosphuictted hydrogen ; but this must arise from impurity. Water 
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dee mnp o am it i&to aoetie and hjdrobromic* acids. (Bitter, Ann. Ch. Pharm. amr. 
209 .) 

CAlorids of Acetyl. C®H*0.C1. — Produced by the aetion of oxychloride of phot- 
phonu on acetate of potassium : 

3(C*H>O.K.O) + POa*.- 3C*H*0C1 + PO^K*; 

or in the same manner as the preceding compound, by distilling glacial acetic acid with 
pentachloride of phosphorus : 

c*n»o.iLo + pa» Cl*. « c*h»o.ci + hci + Pci*o. 

Gerhardt, who discovered this compound (Ann. Ch. Phj’s. [3] xxxvii. 294), pre- 
pared it by adding oxychloride of phosphorus, drop by drop, to fhsed acetate of 
potaasium. A brisk action then takes place, and sumclont heat is produced to cause 
the chloride of acetyl to distil over into the receiver, which must bo well cooled. The 
distillate may bo freed from excess of oxychloride of phosphorus by re-distillation over 
acetate of potassium, then distilled by itself^ and the liquid which passes over at 55^ 
collected apart. The rc-distillation over acetate of potassium is, however, attended 
with some loss, in consequence of the formation of acetic anhydride. 

C*H*O.CT + C*H»O.K.O « (C*1I*0)*0 + KCl. 

For this reason, Ritter recommends the preparation of chloride of acetyl by the action 
of pentachloride of phoapliorus on glacial acetic acid, the product being thereby ob- 
tained in larger quantity and more easily purified. 

Chloride of acetyl is a colourless, very mobile, strongly refracting liquid, of spoeifte 
gravity 1-125 at 11®, 1*1305 at 0®, and 1*1072 at 16® (Koppb Boils at 65®. Vipmu^ ^ 
density, 2-87 (Gerhardt) : by calculation (2 voLW 2*718. It fumes »hK^ly in the air, '' 
and has a pungent odour like that of acetic and hydix)cliloric acid. Tfc vapour at- 
tacks the eyes and respiratory organs yeiy strongly. 

Chloride of acetyl is decomposed with explosive violence by water, yielding acetic 
and hydrochloric acids : 

C*H*OCl + IPO « C*n^0* + HCl. 

Ammonia acts strongly upon it, forming acetamide ; 

C*H»O.Cl + H»N - C»H*O.II* N + Hd 

Similarly with phenylamine, it forma phenylacetamide C*H*O.C*nMI.N, Distilled 
with acetate of potassium, it yields acetic anhydride : 

C*H»O.K.O + C*H»O.Cl - (C*H»0)*0 + KCl; 
and with benzoate of potassium it forms benzoate of acetyl or acetate of benzoyl : 

C n»O.K.O + C*H*O.Cl « C*H*0.C*HK).0 + KCl ; 
and similarly with the salts of r/ther acids. With thiacetate of lead, it forms cliloride 
of lead, and probably also thiacctic anhydride : 

(C*II*OS)*Pb" + 2C*H*OCl - 2(C*H*0)*S 4* I*b''Cl». 

When it is heated wiUi zinc in a scaled tube, the metal is strongly attacked ; and a 
black tarry substance isformed, from which water dissolves chloride of zinc, and sepa- 
rates a liquid having an ethereal odour. 

Hydride of Acetyl. Seo Ajldxhtdii. 

Iodide of Acetyl. C*H*0.L — Obtained bjr the actiou of iodide of phosphorus on 
acetic anhydride (Guthrie, Phil. Mag. [4] xiv. l83)^ ^jjfeo ii acetate of potassium; 
(Ca hours, Compt. rend. xUv. 1253), After beteg sbilpi^plp with mercunr and re- 
distilled, it forms a transparent colourless 17®. ft boils at 

108® (Guthrie); between 104® and 106® (Pabottll^^^lmimea Strongly in tlie air, 
has a very pungent odour, and an intensely 
^ Iodide of acetyl is partially decomposed by Water^decomposes it with 

violence, forming Iw^iodic and ar*etic acids. II acts il|||«mgry upon alcohol, forming 
acetate of ethyl. It is decomposed ^ zinc and by sowm at ordinaiy temperatures, 
also by mercury in direct sunshine, iodide of mercuiy Being formed, and little or no 
permanent gas being given oflT. 

Peroxide of Acetyl. C*H*0.0. — Discovered bjBrodie in 1868 (Proceedi^ of 
the Royal Society, ix- SOI.) It is obtained 1^ mixing acetic anhydride and ^roxtde of 
harium^ in equirdeut proportions, in anhydrous ether. The muEtore must ne efittiM 
veiy gradnaliy, as it is attended with great evolutioo of heat. The pit>ditctia i|i^ 
scetafe of banitm and peroxide of acetyl, the latter remaining dissolved in the * 
2(C*H*0)*0 + BaO* » (C*B*6*)W + 2(Cai*aO). 
n 2 
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lewal solution, after filtration from the acetate of barium, is carefully distill^ 
w temperature, and the remaining liquid is washed 

ill the wash-water ceases to be acid. The residue is pero«de of acetyl. - 

a\d«id liquid, extremely pungent to the taste, the smallest portion placed uwn 
irae burning like cayenne pepper. It is a poworfid oxidising and higUy 

r^p*heated on a watc\-glas6 exploies with a loud report, shivering the 
I atoms, toryta-watcr poured upon it is instantly converted into peroxide of 
, with formation of acetate of bariam. 
tyl-urea, (See Ureas (Compound) and Carbamide.) 

BTYXiBKSn (See Addenda, p. 1111 .) 

B-moVB ACZB. AXSXJ^. . Lampio md, Eth^ amd. 

d supposed to be produced by the slow combustion pf |ther of ateobol 
fjdop' certain circumstances by the oxidation of aldehyde. ether is 

idly distilled, or allowed to fall in successive drops on a solid body heated to 
129® so tliat its vapour may come in contact with the air at a high temperature, 
rreeablo pungent odour is produced, supposed to be that of aldehy die acid. Tho 
ind posHcsaing this odour is formed in larger quantity, when a spiral of fine 
im wire iireviously licatcd lo redness, is suspended over a basin containing 
and the whole covered with a bell-jar. Tlio wire then contiimcs to glow, tlio 
undergoing a alow combustion without flame, and an acid liquid is fomiei^ 
runs down tho sides of tho bell-jar, and maybe collected in a vessel placed 
Tl»is liquid is eolourlcss, lias a very sour taste, and gives off a pungent vapour 
excites tears, and eaiises great oppression when inhaled. The same compound 
ained, aocording to Liebig, by heating oxide of silver with aqueous aldehyde; 
)f the’ silver is then reduced, while the other tfiortion remains in solution in the 
of acetylito of silver, and by decdmix>sing this silver-salt with sulphuretted 
een, the acid may bo obtained in the free state. It is, however, very liable to 
iposc, as also are its salts. When tho silver-salt is boiled with baryta-water, 
18 reduced and acetate of barium remains in solution. 

4Cm*AgO + 2BaH*0'^ « (C*irO)*Ba + (C*H*02)*Ba + 4Ag + 2H*0. 


Aldehydate of Hydrate of Aldehyduto Acetato of 

•liver. barium. of barium. barium. 

rbardt (TraitA i.) is of opinion that the so-called aldehydic or acetylous acid is 
y a mixture of aldehyde and acetic acid, tho aldehy date or acetyl ite of silver being 
t merely aldehyde in which 1 atom hydrogen is replaced by silver. 
jjgXMaXaWLJL MXB&BFO&ZimC {MillefoiL) — Tho ash of this plant has been 
Bed by Way and Ogston. 100 parts of the dry herb left 13’46 per cent, ashes con- 
ig in 100 |Mirts 30*37 parts of potash, 13*40 lime, 3’01 magnesia, 0-21 sesquioxide of 
2-44 sulphuric anhydride, 9*92 silica, 9*36 carbonic anhydride, 7*13 phosphoric 
Irido, 20*49 chloride of calcium, and 3 ’63 chloride of sodium. 

ACZX>a An acid said to exist in millefoil (^Achillea Millefolium), 
ystallises in colourless prisms, soluble in 2 parts of water at 12® *6. With tho 
les it forms salts which are easily soluble in water, but sparingly in alcohol. The 
ions are precipitated liy neutral acetate of lead, whereas the free acid is precipi- 
, by the basic acetate only. Tho potassium, sodium, and calcium salts are.crys- 
lable *. the ammonium and magnesium salts dry up to amorphous masses. The 
ine salt is said to bo obtained in flne crystals grouped in stars, when its aqueous 
ion is mixed with alcohol, then boiled and left to cool slowly (Zanon, Ann. Ch. 
Tn. Iviii. 31). Neither the acid nor its salts have been analysed. L. Gmelin, 
idbook, X. 207) suggested that this acid might be impure malic acid. According 
Iasi wets (J. pr. Chem. Ixii. 429) it is aconitic acid. 


CXXBliBZXV* A bitter substance of unknown composition, extracted by Zanon 
1 millefoil. It forms a hard, yellowish brown extract, having a peculiar odour and. 
T taste, easily soluble in water and in boiling alcohol, sparingly in cold alcohol 
insoluble in ether ; but on treating it with a few drops of any acid, it become® 
[y soluble in ether; it dissolves also in ammonia. It is said to be useflil as a 
*dy against fever. 

.OBZWnrau (See Dioptase.) 


kOHDMCZTBa A mineral first distinguished by Strom. It has a brown-blacik or 
brown colour on the outeide, blaeldi|^ or dark greyish green on the flractnred snr- 
■ 2 in thin fragments it is translucatit, and exhibits a yellowish-brown colour, 
ga, B*43 to 3*63. Scratches glass. Melts to a black bead before the blowpipe, 
nysitalliaies in oblique four-aided prisms with truncated lateral edges and veiy 
p Ibiir-sided tormina) faces, the edges of which correspond .with Uie lateral edges 
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6f tHe oblique prism. It has four elearages, two puill^ to the sides of the oblique 
prism, and the other two, less obvious, parallel to t|to ti^eations of the acute lateral 
ed^'68. According to the analyses of Bcnselius and Rammelsbeig, its composition is 
I^^aO.SiO^ + Fe^G».2SiO^ (i5i - 21*5 . O - 8 ; Fs - 28) or 2Na*0.2Si0* + 
2(Fo®0*.3SiO*) (Si *= 28 ; O ■» 16 ; Fe -* 56). It occurs, though rarely, embedded 
in granite at ]l^cr, and in syenite, near Por^fimd in Norway. 

jlLCBltofra* A name given to the colonrless variety of tourmalin. 

ACBTAJUUnoZTB. A name given b^ Breithaupt to a doubtM mineral, 
hitherto found only in decomposed crystals (trigonal dodecahedrons) which occur in 
association with vesuvian from Vilui (viluite) : &ey are perhaps derived from helvin. 

JLGZaBOaCEBBS, JLCZOB&OBlBBSt &e. (See Oxybbomidbs, Oxtchix>budbs, 
&c. &c.) 

ikCZCnmVB. (Adcuiar Bwmuthf Nsedle ore.) A native sulphide of bismuth^ 
containing also sulphides of co^er and lead. The formula assigned to it by Dana is 
(3CuS + Bi’^S*) + 2(3PbS 4- Bi*S*), showing it to be analogous to Bournonite, with 
which it is isomorphous. 

It occurs embedded in white quarts, and accompanying gold, at Beresof, in Siberia, 

iLCZnzlkCBTB'r. The determination of the quantity of real acid in a sample of 
hydrated acid, is a problem of frequent occurrence, both for scientific and for technical 
purposes. As the specific parity of a mixture of acid and water always increases 
with the proportion of acid present, and as, moreover, a certain specific gravity 
always corresponds to a certain strength, provided no foreign substances arc present, 
it follows that if the specific gra^nty corresponding to each particular percental^ of 
real acid has once been accurately determined and tabulated, the strength ox any 
given sample of aqueous acid may always be determined by taking its specific gravity 
and referring to the tables. (See Sulphubic, Nitbic, Hydbochi-oric Acid, &c.) This 
method is in fact much used, the density being generally taken with the specific gravity 
bottle for scientific purposes, and with the hydrometer for commercial estimations. 
This method, however, necessarily supposes that the acid is pure ; the presence of any 
foreign sulistance, such as nitrate of sodium in nitric acid, cream of tartar and ex- 
tractive or colouring matter in vinegar, &c. would altogether destroy the accuracy of 
the result. Moreover, in some acids, the specific gravity varies so little for consider- 
able difference of strength, that a very slight inaccuracy of observation entails a largo 
error in the result. In acetic acid, for exaifi|)le (p. 11), on increase of strength amount- 
ing to 1 per cent, produces on the average, an increase of density not exceeding 
0'6034. For these reasons it is essential, especially fbr technological purposes, to adopt 
some ready and exact method of determining^ the strength of an acid, independently 
of its specific gravity. 

The streng^ of an acid may be estimated t 

a. By Volu7jU!iric dat is by ascertaining the measured qnqptity of a standard 

alkaline solution required to saturate b given volume of the acid. (See Anautsis, Vonv- 

IfRTBIC.) 

h. By analysts. This mode of estimation might be conducted in various 

ways : for instance, by converting a mven quantity of the hydrated acid into a neutral 
salt of potassium, somum, barium, mad, auver, Slc. either by saturation or precipita- 
tion, weighing the salt thus formed, and calculating the quantity of acid firopi its 
knoi^ composition. This method is indeed constantly adopts in scientific chemistry ; 
but is for the most part too tedious for technical purposes. A quicker method is to 
decompose a known weight of the acid with an excess of acid carinate of Sodium or 
potassium, and' estimate by weight the quantity of carbonic anhydride evolved. The 
quantity of real acid in the sanmle of hydrated acid ia then easily calculated ; for each 
atom of a monobasic acid, expels 1 atom of carboniq anhydii^ ?CO* -■ 44,) and each 
atom of a dibasic acid ovpsiig two atoms of carbonic anhymoa (2CO* 88) ; this 

Will be seen from the followuig equaliozis ; 

For hydrochloric acid : 

C(WaH + CIH - CINa + CO* + H*0, 

GO* : CIH - 44 : 36*5 

For acetic add : 

CO»NaH + C*H*0* H - qHfHF.T^a, + CO* + H*0 
^ CO* ; C*H*0».H - ^ 60 

For sulphuric acid : 

2CQ^aH + SO^H* - SO*Na» + 2C0* -f 2H*0 
2CO* : SO«H* — 88 : 08 » 44 : 40 

Suppose for atampisi that 13*5 grm. of hydrated sulphuric add thus treated wkh 

» 6 
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acid carbonate of aodiutn, elimiimte 1*4 grains of carbonic anbydridct Tho q^nanti^ 

49 

of real add (SO*H*) in iJw l2*d grm. is then 1*4 x ^ 1*47 grm. and the 

qnantitj of real acid in 100 parts of the hydrated add will be given by the equation : 

* - X W6 - 

A convenient apparatus for these determinations is a small light glass flask (Jh, 1) of 
aboutlOO cubic centimetres (3 or 4 oz.) capacity, having a lipped edge, and htteawi^ a 
cork perforated with two holes. Into one of these apertures is fitted a bent tube o, carry- 
ing a di^ng tube A, filled with chloride of caldnm, and into tho other, a narrow tube c, 
reaching nearly to the surface of the liquid, and beht at an obtuse angle above the 
cork. A convenient quantity of the acid whose strength is to be determined, having 
been weighed out in the flask, a quantity of acid carbonate of sodium or potassium 
more than sufficient to neutralise the acia» is placed in a small test-tube about an inch 
long, and having its lip slightly turned over, so that it may be suspended by a thread. 
This tube is then let down into the flask by tho thread, but not low enough to come 
in contact with the acid ; tlie thrcjid is fixed in its place by inserting the cork into the 
nock of tho flask, and tho whole apparatus is weighed. The orifice of the bent tube c, 
is then closed with a plug of cork or wax, the cork of tho flask loosened sufficiently to 
allow the short tube f, containing the alkaline carbonate 
to drop into the acid, and the cork immediately tightened. 
Tho carbonate is now decomposed by the acid, and carbonic 
anhydride escapes through the drying tube, the chloride of 
calcium retaining any moisture that may be carried along 
with it. When the effervescence ceases, tho flask must bo 
warmed to ensure the complete remora 1 of the carbonic 
acid from the liquid, and after it has cooled, the plug must 
be removed from the bent tube c, and air drawn through 
tho apparatus by applying tho mouth to the extremity 
of tho clilorido of calcium tube, in order to remove all the 
carbonic anhydride remaining in tho flask, and replace it 
by air. The whole is then again weighed, and the loss of 
weight gives tho quantity of carbonic anhydride which has 
escaped. At the '^completion of the experiment, a piece of 
blue litmus paper must be thrown into tho liquid in tho 
flask; if it remains blue, the determination may he con- 
sidered exact ; *but if it is reddened, there is still free acid 
in the flask, avowing that the quantity of carbonate intro- 
duced was not sufficient to decompose it.' Tn that case, a second small tube containing 
alkalino carbonate must ho intrc^nced as before, the apparatus again weighed, 
and tho whole process repeated. The second loss of weight added to the first, gives 
the totql quantity ftf carbonic anhydride evolved. 

Aiiotlier form of apparatus for these estimations, devised by Will and Fresenius, is 
shown in fy, 2, a and n arc two small flasks, having strong necks turned over in a 

lip. Each of them- is closed with»a tight-fitting 
cork pierceAwrilh two holes. Through the cork .of A 
there passes : A *«traight tube a, reaching nearly to 
the bottom of the flask ; a tube c, bent twice at 
right angles, passes through both corks, tarmi- 
nating just below that of A, but reaching nearly 
to the bottom of tho flask b; a straight tube a 
also passes through the cork of B, terrmnating just 
below it. Tho tube a is closed at the extremity A 
with a plug of wax. The acid to be estimated is 
weighed out in the flask a ; the other flask b is filled 
to about one-third with strong sulphuric arid; and 
the whole apparatus is connected in the manner 
shown in the figure, the proper quantity of acid car- 
bonate of sodium being introduced into a in a 
short test'tnbe, suspended by a thread in the manner 
"described with tho former apparatus. The whole 

. . , , . . Hpparatus is then weighed, the cork a loosened, so 

•» to allow the tube containing the c^bonate to faU into the acid, and the cork im- 
msoiately smiretl. Curbouie anhydride is now evolved, and is obliged, to pass through 
tna sulphnnc acid m b, whereby it is completely dri^. As soon as gas ceases to 
the flask a is immersed in water at about 6(P or 60® 0. till the fresh 
CVOtiltion Of gas thereby occasioned ceases. The wax-plug thcnj loosened, to 
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nreyent the aulphuric acid m b firom being forced into 4« in consequence of dimmishcd 
pressure in that Tessel; the appaxatua is lemoyed teii^the hot water; and air in 
sacked through the tnhe d as long as any taste of carbonic add is perceiv^ Lastly, 
the apparatus, when quite cold, is re-weighed, and the loss of weight gives the quantity 
of carbonic anhydride evolved. 

This apparatus is much heavier and more bulky than that before described, and 
does not appear to possess any advantage over it. Mohr points out, as a source of 
iuaccuracy in its use, that the large surface of tlie two flasks, being heated during; the 
experiment., is not likely, on cooling, to condense exactly the same quantity of moisture 
as was attached to it before. 

It is of the utmost importance that the acid carbonate of sodium orj^tassiunv used in 
these determinations, he quite pure and free from neutral carbonate. The acid carbonates 
give a white precipitate with chloride of mercury, and the neutral carbonates a red-brown 
precipitate ; but this test will not indicate the admixture of a small quantity of neu- 
tral carbonate with the acid carbonate. A more certain test of purity is to weigh out two 
equal port ions of the acid carbonate, ignite one in a platinum crucible, and determine the 
quantity of carbonic anhydride given off from the other by the action of the acid in the 
apparatus represented in 2 (See Alkalimetry). The quantity of noutnil carbonate 
of sodium remaining after the ignition should be to that of the carbonic anhydride 
evolved as 106 to 44 ; and that of the neutral carbonate of potassium to the carbonic an- 
hydride as 138 : 44. 

If tlio acid carbonate is not pure enough to give a white precipitate with chloride of 
niereury, it should bo at once rejected. Commercial acid carbonate of sodium, which will 
starjd that test, maybe further purified hy triturating it to a uniform powder, covering 
it with an equal weight of cold distilled water, leaving it for 24 hours, then washing ^ 
it two or tliroe times on a filter with a small quantity of cold water, leaving it to . 
drain, and d^ing it by exposure to the air without neating. Acid carboi^teof po^siaw 
may be purified by reciystallisatiou. (For further details on Acidimetry, see JHo^ 
iionary of Arts ^ Manufactures^ and Mines^ new edition, vol. i. p. 23.) _ ^ 

ACZ2>S. Salts of hydrogen. The following properties are common to the most 
important acids, — , 

1. Solubility in water. 

2. A sour taste. (In those acids which |K>38ess the most strongly mirked characters, 

this property can he perceived only after dilution wita a large quantity of 
water.) ** 

3. The power of reddening most 0 ]ganiCvMn|> and violet colouring matters^ (for ex- 

ample, litmus), and of restoring' the pr^;ina]^CDk>ur of substances which have 
been altered by alkalis. , 

4. The power of decomposing most carbonates, caasing effervescence. 

fl. The pow'er of destroying, more or less completely, &e characteristic properties of 
alkalis, at the sdme time losing their own distinguishing ^eharactors, and 
forming alkaline salts. 

The last is the only one of these properties which can bo considered essential to 
acids ; indeed, comparatively few acidi' posSi^ them all. Moreover, there are manv 
substances which possess, in a greator ji^ degree, all these premeittios^ but whicn 
are never included among acids; of 1j[^<i^twill be sufficient to mentK»l;alum (si^hata 
of potassium and aluminium). Aliliii is soluble in water; its solution has a taste, 
widely though not purely sour, approaches much more nearly to soumesB than that of 
many acids (benzoic acid for example) ; its solution also reddens litmus, causM brisk 
effervescence with alkaline carbonates, and neutralises completely the alkalinity ot 
potash or soda, forming an alkaline sulphate. 

In order to get a more exact idea of what it is which essentially constitutes acidity, 
it may >}e iise^ to consider ‘hri|il^ the opinions which have successively been held 
upon the subject by the chemists^ past times. 

In ordinary language, acid is equivalent to sour; and in both Greek and Latin, the 
idea of “soume-^s was expressed !^ almost the same word as that used for vinegar,*' 
the only acid known to the ancients (thus, Gr, sour; vinegar JBkt* aciduc, 
sour ; aeetum, vinegar). It does not, however, appear that very great importance was 
at any time attache to sourness as a characteristic of acids from a chemical point of 
view. The number of known adds was first increased the labours ^,^1he Aralnait 
chemists * ; and the solvent power whidi many of them exert on auoilbticei irhidi 
are insoluble in water, seems first to hare eauaed them to be regarded as a spedUl 
class of substances. Thus, Geber (middle of the eighth century), who was aoqttainled 

* Almost all the historical alatemonts eontiaiDed lo thU article, for which no refcreoca U givea, see 

bhIo on the aathoritjr of Hop p. *■ GoKbidite dar Chemie.** 4 wolf. Svo. Brunf wick, 1848* 47. 
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with nitric acid and with an impure kind of sulfuric acid, speaks of these bodies, 
imder the common name of aqua dissolutiwB. The idea of corrosiveness, or at 
least a kindred idea, which maj perhaps bo expressed with tolerable accuracy as that 
of cUmcal actimiu, seems to hare been long connected by chemists with the idea of 
acidity. For example, Van Helmont (Uved 1677 to 1644) attributed the active 
properties of quick-lime to a peculiar aci<l, which he supposed limestone to obtain &ora 
the fire during burning. Stahl (lived 1660 to 1734), who supposed the earths and 
alkalis to have the same qualitative composition (see Art. Alkaxi), represented the 
Hlkalis as containing, in larger proportion than the earths, an acid principle to which 
they owed their greater chemical activity; and even as lately as 1764, a similar idea 
to that of Van Helmont was applied by Meyer to explain a large number of phenomena. 
This chemist endeavoured to explain the ditferont properties of the caustic and car- 
bonated alkalis and alkaline earths, by supposing the former to be combinations of the 
latter with a substance whicli he called acidmn pingue (fktty acid), because, as he 
thought, fat-like properties could be perceived by the sense of touch in its combinations 
with alkalis (caustic alkalis). The idea that corro.sivenes8 is the most important cha- 
racteristic of acids, was also plainly uppermost in the mind of Lemery, when (1676) 
he attributed tlio properties of acids to a sharp-pointed form of their smallest particles; 

Tliat the properties of acids are, in some important respects, opposed to those of 
alkali.s, was perceived at a comparatively early period. This opposition of properties 
was in fact tJie basis of the medical theory of the latro-chemists (from the first quarter 
of tho 16th century to the middle of the 17th ccntiuy). According to tliem, the con- 
stituents of the human body had, some of them an acid, the rest an alkaline nature ; 
the undue prepondoriince, or want of acidity or of alkalinity was'the cause of di.sense, 
the condition of perfect health being a particular relation between these two opposing 
qualities. Otto Tachenius, a clicmist of this school, ^ave, in 1668, as the essential 
dmracter of an acid, its power of combining with alkalis to form salts; and accord- 
ingly he included silica among acids. Boylo was well acquainted with the properties 
which are now considered most distinctive of acids. He characterised aciils^by tho 
solvent power which they exert on various 8ub.stances with various degrees of energy ; 
by their power of precipitating sulphur and other substances from solution in alkali ; 
by their power of changing tho blue colour of many plants to red, and the red of many 
others to bright red, and of bringing back to their original colour those which have boon 
changed by alkali ; and lastly by their forming with alkalis so-called neutral salts, at 
the same time losing the properties just mentioned. Tliis enumeration of the dis- 
tinctive qualities of acids ditFers in no important respect from that given at the be- 
ginning of this article. 

Various suppositions have been made, from time to time, in order to account for the 
I'roperties posse.ssed in common by the most strongly marked acids. In order to uii- 
derstaud those, it must bo Ijorne in mind that tho distinction which most chemists are 
now accustomed to make between acids and salts, dates only from the time of La- 
voisier, that is, from tho eud of the last century ;‘*and that, till his time, acids, alkalis, 
ajid the substances now by proferenco c^^led salt^ were all included under the common 
salts. But since the acids thei| known were comparatively few, and, as was 
natural, were tho.so of which tlie acid properties are most evident, the apparent dif- 
ference between aci<lH and other salts was much greater then than it is now. 

'Phe first theory of the constitution of acids was proj)03cd by Becher in hia “ Physica 
Siibterranea,” published in 1669, Ho attributed the common propertiea^of acids to 
their coutaiuing a common principle of acidity {acidum primiqe^iiutn^ formed the 
union of primitive earth ♦ and water, and supposed that the iistinguishing chas^cters 
of each acid wero duo to tho particular substance which it contained mixed with the 
primitive acid. 

Tho ideas of Lemery regarding acids have already been referred to. 

He wa.s followed by Stahl, w'ho, in 1723, voviped and extended Beclier’s theory. 
The following may be taken as a snmmaiy of views : — The essentia] pro- 

•^[to*tics ot all sab'no substances arc: to affect of taste, or to have sapidity; 

to bo soluble in water; and with regard to ofnsit^idnef properties, such as specific 
gravity an^|^,j^jRlty« to rbe intermediate between water and pure cartb. In some salts 
marked, in others they are less prominent, and in some 
perceptime. Those substances which are most saline, acids and 
» preat ten^cy to combine with bodies which have not saline pro- 
to impart sum properties to them. Hence we may conclude that some 
are in themselves essentially saline, while others exhibit saline properties 
maiely bdcause they contain a substance caaeAtjally saline as one of their constituents. 


» According lo Bcchor ihi*re were l! ree ^»rimitWe ^rth^ viirifiable. the cimibuttible, and the 

mi^urUI. — which were the fuislhjlffr, of combi»«ibUity, and of volaUtitv t thus 

eorretpondfaig to what the alcbemiiU uuderktood br salt, ^Ipbur, and mercaiy! - 
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We must regard as belonging to the former dass those bodies which not only 
possess saline properties (taste, solubility, &c.) but which can impart these properties 
to other bodies by combining with them, and which, when separated firom their 
combinations, recover their original qualities. Hence, oJl acids and alkalis^ fixed and 
volatile, liquid and solid, must be considered as cssontially saline. Bat, comparing 
these bodies among themselves, wo find that even they possess saline properties in very 
various degrees. It appears, therefore, that there is only a very small numto of actual 
primitive salts, or rather that there is only one such substance, which is a constituent 
of all other saline bodies, and is the cause of their saline properties. It is obvious 
that this substance must be sought among bodies wliich most distinctly and most 
invariably manifest saline properties, and which are, at the same time,, most simple in 
their composition. Following this rule, we may at once exclude neutrd salts, as being 
resolvable into more simple saline substances ; again, alkalis are more subject to 
ultenition and to loss of tiheir saline properties than acids ; they must, therefore, bo 
excluded. Of acids, we Bwy select mineral acids as the most energetic. Lastly, of all 
mineral acids, vitriolic (sulphuric) is the most active, has the greatest solvent powers, 
adlieres most forcibly to the matter dissolved, is the moat deliquescent, &c. &:c. Ac- 
cordingly, acids must be considered as the basis of all other saline bodies, and vitriolic 
acid as the basis of all acids. (Macquer*s Bictionmiir© do Chimie [Ist. Edit pub- 
. lished anonymously, Paris, 1766] Articles “Acido” and “Sel; *’ Kopp, iii. 15; also 
Encyclop^die, ou Diotionnaire raisonn^ des Sciences, des Arts, ct des Metiers, * * 

mis en ordre ct public par MM. Biderot et B’ Alembert, t. xiv. [Nonfchdtel, 1765] 
Article “Sol et Sels.*' The chemical part of this work was by Maloiiin), 

Such were the ideas respecting acids and the cause of acidity, which, with unim- 
portant variations, were hold by almost all chemists until tbo riso of the antiphlogistic 
system of chemistry. (See Combustion.) But before the downfall of the older 
system, chemists had begun to have more exact notions than formerly of what were 
olementary bodies, and to feel the necessity of considering as elements all bodies wliich 
they could not decompose. Hence, nltfiougb Stahl regarded sulphuric acid as a 
secondary principle, formed by the union of the primitive principles of earth and 
water, and the other acids as compounds of sulphuric acid with various substances, 
many of the last upholders of the phlogistic thcorjr regarded most of the inor^mc 
stcids ns simple substances. For instance, phosphoric and sulphuric acids were sup- 
posed to be elements which, w’lien combined with phlogiston, formed phosphorus and 
Bu4iliur respectively. Sulphurous acid was one of the few inorganic acids which wm 
regarded as compounds ; it was supposed to be sulphuric acid combined with less 
phlogiston than was needed to convert it into sulphtir ; or, what was the same ^ing, 
to he Hulplnir deprived of part of its phlogiston. 

But all previous ideas about acids wore gradually supcTseded by those of Lavoisier. 
Having found, experimentally, that carbonic, nitric, pliosphoric, sulphurous and sul- 
phuric acids, all contained the then newly-discovered substance — oxygen (discovered 
August 1st, 1774), Lavoisier concluded that oxygen was a constituent of all acids, -— 
Miat it was the acidifying principal, (Lavoisier, TraitA ^lAmcntairo do Chimie 
(1st edit, 1789), i. 69 etpasaim; Kopp, i. also iii. 17.) 

He first pmposed this theory of acids in 1778 ; and, altliough acids were known in 
which no oxygen could be detected, nearly all chemists continued for about tliirty 
years to consider the assumption, that acidity was in every case due to the presence of 
oxygen, as a necessary part of the antiphlogistic doctrine. Bortliollet, indeed, as early 
178p, pointed out that hydrosulphuric and prussic acids contained no oxygon ; but 
it was not till alx>ut 1810, after Bavy's and Gay-Lussac ainl Thenard’s research^ on 
muriatic and qxy-muriatic acids (hydrochloric acid and chlorine) that chemists generally 
began to admit the existence of acids free from oxygen. The conclusions drawn firom 
these experiments were confirmed by Gay-Lussac’s discovery of liydriodic acid in i8i4|t 
and by his examination of ftcjd in, 1816. From this time, most chemists re- 

cognised tw'o classes of acioi^^MU^ containing oxygen (oxygen-acids), and those 
containing no oxygen (hydrCg SlHB ig). Attempts, however, were still made to dl^ 
cover a constituent common to to which their comn^n piQppjerties could + 

usoribc<l. Tims, on the one hahd^&rzelius continued till a s i |j g yyfc<> necessiuy 

existence of oxygen in all acids; while, on the oth^r 
that all acids contained hydrogen as an essential constito^L % 

The latter opinion was advocatcdl^ Davy. Itis ideaj pb oiit arids apfl4^^t0 Itfili 
been essentially the following: — ^No one mibstance ongJkTTObc warded as . 

fying principle; the chemical propertiM of acids, as wall as of other bodi^^1ti|Pid^ ' 
not only on the nature of their consttll^ts, hut also on their corpnscular airi^gejiijMt. '■ 
The so-called l^draied adds are^ thf only true acids, and have a con.stitutfcn similar^ 
to that of their salts. Hydrated l^onc acid is a ternary compound of chloriilSir" 
oiygen, and hydrogen, analogous to pirate of potassium, which is a ternaiy eompoiiii4 
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of chlorine, oxygen, and potassiani. Tlie whole of the oxygen may be removed fi-om the 
acid, and it will remain acid ; l^e whole of the oxygen may be removed from the neutral 
salt, and it will roraain neutral. We have no proof that in either of these bodies 
the oxygen is divided between the clilorino and the other constituent, or that either of 
them contains so-called anhydrous chloric acid. SimUarly, there is no proof that sul- 
phates or nitrates contain anhydrous sulphuric or nitric acid. Hydrated sulphuric and 
Iiydratcd nitric acids are the true acids, and are ternary compounds, like the sulphates 
and nitrates. (Davy, Journal of Science and the Arts, i. 285 — 288; also Gilbert’s 
Annalen, liv. 377—381 ; Phil. Trans. 1815, 212, 213; 218, 219; also Kopp.) 

InlSieDulong proposed the theory, since known as the binaiy or hydrogen- theory 
of acids. lie endeavoured to show that all acids were similar in constitution to hy- 
drochloric acid ; that they were all compounds of hydrogen T^th a radicle which was 
in some cases simple (as in hydrochloric and hydriodic acidaj|, in other cases compoimd 
(as in liydroeyauie, oxalic, sulphuric, and nitric acids). HiS view of the constitution 
of these acids may bo expressed by the following formulae : — i- 

Ily'drochloric acid . . . . . ^ , H {Cl) 

Hydriodic ^ij) 

Hydrocyanic . H {^CN) ov H ifiy) 

Oxalic ; . . 

Siilpliuric ........ II {SO*') 

Nitric H{NO**) 

Salts, according to this theory, were represented as compounds of an acid-radiole 
with a metal instead of wdth hydrogen ; thus : — 

Hydrochloric acid . . 7f (C7) | Nitric acid . . . // (NO^) 

Chloride of potiissiiim . K {Cl) j Nitrate of potassium , K \N0^) 


Dulong’s theory rescmhled Du^’y’s in so far as it restricted the term acid^ to suh- 
sbinces containing hydrogen (hydrated acids), and assigned an analogous constitution 
to acitls and their salts, but diflfi‘red from Davy’s theory in representing the atoms of 
every acid as arrangcMl in a specific manner : namely, all the atoms except hydrogen 
us grouped together to form a compound radicle. 

These views did not attract much attention till they were applied by Liebig, in 
1837, to explain the constitution of several organic acids, and of the various modifi- 
<^tions of pliosplioric acid (Ann. Ch. Pharm. xxvi. 170 ; Ann. Ch. Phys. Ixviii. 70.), 
(itld although tlicy are explained arid discussed in a large proportion of the Manuals 
of Chemistry puhlishod during the fifteen or twenty years following that date, they 
liave never been generally adopted. Until a comparatively recent date, almost all 
chemists coutimied to regard oxygen-acids as a class of bodies essentially ^stiiict from 
liydiY)g('n-acida and from metallic salts. Confining tho name of oxygcn-acids to the 
Hiihstaiicos now known jis Anhvjhhdes, they regarded oxygen-salts as bodies formed 
by the <lirect union of acids with metallic oxides, and recognised no essential distinc- 
tion betwoeu actual hydrated acids (acids in tho sense of Davy and of Dulong) and 
nu're solutions of the anhydrides in water. 

An important extension in the then existing viewB respecting acids resulted from 
the discovery aiinouiieed by Ho rzeli us, in 1826 (Berzel. Jahresh. vi. pp. IMetseqX 
that certain metallic siilpludes, sucK as those of arsenic and antimony, were capable 
of uniting with the alkaline sulphides so as to form w'dl-defined salts perfectly 
analogous to those formed by the combination^ of the corresponding metallic oxides 
vrith the alkalis. Prom this time, the existence of three new classes of acids (and 
corresponding saltn) w^as recognised, namely, acids in which the o^^gen of ordinary 
acids was replaced by sulphur, or by the analogous elements, selenium and tellurium. 

Wo owe the ideas of the nature of acids, now very generally entertained, chiefly 
to the advance of organic chemisty, which has brought to light a veiy large number, not 
. of new acids, but of new substances of all kinds, whose chemical relations cannot be 

^eqnately expressed upon tho system formerly universally adopted, of jr^arding all 


* Kotwithutftndlmt the more »trlct usr, which was made by both Davy and Dulona, oC the word 
SJJirfwX* " Vhni ^ M bodies bidonzhi tn two vetJ different clasiei ! acids and 

bodies IICI HN03. H2>o«, N-O*. SO^ are all of them frequently called acids, 
from «mon,e themselves and equally raarM differences 

ItiT and SO» iire often called by the same name, sulphuric 

22 ^ W process, and alihoufih, when caused to 

alieays give rise to products essentially unlike. This 
Co^sion between atids and anhydrides djite* from the earliest know ledire of the latter ctaas Of bodies. 

by fbe fact that the anhydrides which were first disenrered immedi ttelv nroduce acids 
when ther etme In conUet wUh w«tep Thus. Lavoisier. by burning phosphornlTin SxviS? ohSned phlS^ 
Fha anhvdJde^i’lwtVJ substance iu water contidued phosphorfTacld.hesuppdted 

ind^rator ^SlmlUrlv ™ ^''®*Pbonc acid as a combination of phosphoric acid 

olmuariy, sulphuric acid was looXed upon as contaiiiins “drv sulDhnric arid 'wmlnhono 

Wtodrid.) md wn<r ; .nS»l oi ««„ thoJio, 

"ioKlea lu campouadi of. uih/drid* 
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compound bodies as formed by the union of two moleeolea possesnii^ opp^te electro* 
ehemicid characters, or of two groups, which, in their turn, haye a similar bmaiy eonsti* 
tution. Among the new theories which were the earliest to be thus introduced into the 
science, was the “ Theory of Chemical Types,” which r^resented chemical compounds 
as combinations of the elementary atoms hdid together by the attraction exerted by 
each atom upon all the rest, and capable of exchanging one or several atoms of one 
element for an equal number of atoms of another, so as to produce new substances, 
built up after the same plan or ty^ as the origined compo^mds, though one or more 
of their atoms was of a different nature. According to this view, acids and metallic 
salts were regarded as bodies of the same class: each acid and its corresponding 
salts were regarded as compounds formed upon the same (ype, and diifcring only 
from the fact of the acid containing hydrogen in the place of the metal contained 
in the s^ts. It will be seen that this manner of representing the mutual relation of 
acids and salts differed but little foom that of Davy. 

Another result of the progress of organic chp&^tiy which helped to modify the 
older notions on these subjects, was the ocquisil^n^of more consistent ideas than had 
previously existed of the relative weights of different substances which are chemically 
comparable with each other. Thus it was discovered that an atom of water con- 
taiuod twice os much hydrogen as an atom of liydroohlbric acid, and therefore, that 
the so-called monobasic acids, or acids containing the same quantity of hydrogen fUl 
h}'drochloric acid, could not be compounds of water with anhydrous acids, ,as had been 
hitherto supposed. The discovery by Gerhardtin 1862 (Ann. Ch. Phys. xxxviL 
*285) of the anhydrides corresponding to several monobasic acids, and the fact of their 
atomic weights being found to be double, the atomic weights of the hypdtheiical 
anhydrides of the older theory, confinned the same conclusion. 

It is now clear that acids do not form a class apart, distinguished from other sub- 
stances by something essentially different in their nature ; they arc, on the contrary, 
nothing more than a particular clrss of salts. The definition of acids as of 
hydroyin^ first clearly enunciated by Gerhardt*, and repeated at tlie head of this 
akiole, is an accurate statement of the relations which exist between acids and other 
chemical suSstanccs. This definition is, however, obviously insufficient, without 
a previous answer to the question — what is a salt ? For this we mnst r^er to the 
article Salt. In that article also the properties witich acids possess in common with 
other salts, and which characterise them os belonging to that class, will be most 
ably discussed. In the remainder of this article we shall consider the distinguishiv’^ 
properties of acids as such, and the mutual relations of the principal <^ses intS^ 
which acids may be divided. 

Tlie mode in which acids most frequently react with other substances is by double 
decomposition, in which they exchange their hydrogen for metals, or for radicles 
possessing, to a certain extent, metallic functions. The following reactions ore all of 
this kind : namely, their reactions — 


P With metals, — 

Zn + H-SO« « IP + ZnSO*. 

2® With metallic oxides, sulphides, and salts gcperally,— 
KHO + HOI *= H*0 + KCl 

KIIS + HCl ax U^S + KCl 

PbO + 2HCK « H»0 + PbCP 

FeS + H^SO* « H»S + FeSO* 

2NaCl + IPSO* » 2HC1 + Na*SO* 

KNO« + HW* - HNO* + KHSO* 

3^ With the hydrates of alcohol-radicles,— 

C*H» H.0 + Ha - H*0 + c»H»a* 


' Ujdrate of Chloride of 

t ethyl' * ethyl. 

i® With various nietaUie compounds,— 

"{C»H»yZ!i + 2HCI m 6(C*H».H) + Zna» 


Zfoci^ethyl. HfdrWof 

+ Ha « JPN + KQ: 

PotSStimiike. 




™ rapoftantdWwehcM them end the enhyi 

«• Cbfmie, pp, or Cereodlf h Soctery'*! tnuiilatlon, pp. 7id to 46. 
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With •ome satwtanees acid* unite directly : namely— 


1 ® With ammonia and its analogues, — • 

NU» + HCI - NHiCJ 
PH» + HI = 

2NC*H' + H»SO‘ - (SG«lI0*.HgO«. 

Aniline. Sulphate of anlUaa 

8® With some hydrocarbons, — ; 

C^klPSO* = C^H«0* 

Eihyl^d^si^ SulphovJnIc 

' ^ ®cld. 

C*H« - (PH'Cl 

,^vV> . 

rropyiwrte ,1" Chloride of 

Beaetions such as the ahore cau bo product by all well characterised acids. The 
intyority of acids can also produce other reactf^s of various kinds, some of which are 
characteristic of individual acids, *wh1le othei*s arc common to a considerable number, 
and therefore serve for their tlivisiob into classes. The rational forrauloe by which 
tlie various acids are commonly represented, indicate the nature of their leading 
reactions, and honco the class to which they lielong. 

Oxygen-acids form by far ‘the most numerous and important class of acids. We 
may take acetic acid as a sjiocial example, and show how the double decompositions 
which it is capable of undergoing, in common with the other acids of tliis class, lead to 
the choice of the rational formuUe by which oxygen-acids in general aro^ usually re- 
presented. 

1. When acetic acid is converted into an aceUtc by acting upon it with an oxide, 
niotal, or any other substance, it loses hydrogen. This may be represented by writing 
one atom of liydrogim in its formula apart from the rest : ~ 

^2, By perch lorido of phosphorus acetic acid is converted into chloride of acetyl, and 
loses one atom of oxygen and one atom of hydrogen. To express this, we must 
write the formula of acetic acid thus ; C*H*0.nO. 

' 3, By the action of pentasulphide of phosphorus, acetic acid loses half its oxygen, 
and becomes thiucetic acid, 6(0'^H*0’^) + =» 5(C*It*OS) + F*0*, 

The rational formula derivable from this reaction is C^H^O.O. 

^rabining these three expressions, we come to divide the formula of acetic acid 

into three parts IT, C®n*0 and 0, and to write it ^ ^ ^ 0, or H.C^IPO.O, or in soma 


similar way. This formula indicates beforehand alji the most frequent double de- 
compositions of which acetic acid is capable ; vix. the separation of one atom of 
hydrogen, the other atoms remaining together (formation of acetates); the separation 
of one atom of hydrogen und one atom of oxygen, leaving the group C^IPO (forma- 
tion of chloride of acetyl, of acetamide &c.); the^ Separation of one atom of oxygen, 
leaving the remaining atoms combined (formation ]bf thiacetic acid^'llc.) 

The large number of acit^which resemblo acetiq acid of „fo leading double 

decomposition.^, roooivo simiU|rjAtik#al fqrniulm ; that is tp si^raiiohal formulae con- 
sisting of tiirce parts: namd^ fl) <me or more atomaitijBif or more 

atoms of oxygon or sulphur, (3) a ladiele, nearly ahrays Cdiopound and containing 
en, sulphur or a similar element. Thiii^jnn|^ the rations formldfrisf acetic acid 

we write that of beiizoiiS*%oid of pyruvic add-, of 

o|*' oalplio- 


xvgen, 

H write mat ox oenzourmoia jj. 

occalic acid 0®, of phoaphddc add of thiacei^add , 


IP 

CS, 


carbonic acid S^, of sulphocyanic add S, of hypochlcdo^^ 

If in any of these formula) we replace th^jpdicle by its 
gen (see ISqvivalexts) and the sulphur^whore it c 

oxygen, we obtain the formula of one^ twoi, or three^ 


or Ip O*. Moreover, the deoompositioxii of which water x^pueeptible are essentiallj 



ij^ftro** 

lent of 

"o o» 

H r H» . * 


quite simQiir to those of acetic acid. Thus, when convefted into a ^drata by the^ 
Uon of a metal or of an oxide, water loses one atom of hydr q jl B — + HEO, 
or 2Ca"0 + 2H*0 «• Ca"JlH)* + H*0a"O’' ; oxychlori<|eof^ho»phonis convert»srator 
into hydrochloric acid, rsmoving from it one atom of hydrogen and one atom of oxygen. 



JS/UXU^^ 


Kh* 0 + POCl* — 3HC1 + PO*H» ; lastly, pentasulphide of phosphorus eonyerts it 
&to hydroBuIphuric acid, removing from it one atom of oxygon : —7 6H*0 + P'S* 

It is in this sense that^^ter is taken as the or standard of 
comparisoU for acetic acid and ail other acida^ lyhicib undeigo simiiar double deconi* 
positions. " ^ » 

Another class of acids ore, in thtl same referred to the fypo hydrochloric aoidt 
ECl. These acids are susceptible of only on^- kind of double decomposition: their 
atoms are sepakpable into only two groups, hyd|ritoi and a rudicle. Hydrobromic acid 
HBr, hydriodie acid HI, hydrocyanic acid HOS^&e of this class. 

There is still a third class of acids which^oinif he referred to the type ammonia, 
NH*. Succinimide, C^H*NO®, cyanic acid (carbi^de), CONH, and sulphocyanic acid 

(sulphocarbimide), CSNIl, are acids of thig TT_.,- 

oxitmiV^hd hydrates they part with one ah 
an atoi^of metal : 

2(C"H*NO*) + Ag*0 - J 


SuccinJniide. 



Under the influence of metallic 
lydrogen, and take up in exchange 


+ H*0. 


.AxiSDiiMIttciuU 
inide. 


CHNO + «£IKNa + flH). 


Cyanic 

acid. 


Cyao^ 
of potatftlum. 


When boiled with dilute acids, they break up into two groups, a carbonised radicle 
on the one hand (which ugmbines witn oxygen or with oxygen and hydrogen derived 
from the water of the dilute acid), and the group HK (which combines with two atoms 
of hydrogen) on the other hand. / ■ 

CHNO + HaO » CO.O + HN.H*. 


Cyanic 

acid. 

C<H*NO* + 2H«0 


Carhonio Ammonia 
anhydride. 

. + HN.H* 


Succinimide. Succinic acid. 

These reactionB show that the rational formulae of these acids must consist of tbr^ 
parts ; an atom of nitrogen, an atom of hydrogen, and a radicle composed of the 

remaining atoms. Thus the Ihimula of succinimide must be or N | V 

that of cyanic acid N.H.CO, or N | The substance called by Gerhardt nitride of 

benzoyl, Bulphophenyl and hydrogen (C**H**SO*N) is another a<dd deriving fromlme 
type ammonia. Its decompositions have not yet been much studied, but its be- 
hiivLour with metallic oxides and its formation from ammonia by the successive action, 
of the chlorides of sulphophcnyl and of benzoyl (C®li*SO'^Cl and C’lI^OCl) require that 
its rational formula siiodld be composed of the four parts N, U, C^Ii^SO* and C’H*0. 
Since the constituent atoms of this acid are separable into four groups, it is evidently 
susceptible of undergoi^ evem ttore numerous decompositions than cither the acicta 
^rom tligl^rpe Hk), or.thoM previously mentioned as deriving from the typo 


NH*, whose atoi 
, In regard to tilt 

cipal daasos, irhifl 
as hydrocblorie add 
denying from #B8 o bodies as 
But, in aanie sense aa sol 
formed froim%p^-or from thetii 

tw w« Othem f< 

three) ^ ^ 

Iljo. 

SO^HOi, 



^to only tlurea tmipf. ^ 
itutUm^ wp p^^Aia^vide acids into three prin- . 

decomposition 
hum-^my therefore be regarded as 

we have been considering, are 
the samTlgrpe (from &c.), 

two or more atoms of two (or perhaps 
add 


be calledf for the 


i^^J*;«xample, 

jo?, whBesidpliainic add, SO’H*N^ and ehlorhydiosulpburic acid, 

fam | 

» chforhydrom^hiiric acid. Acids of this kind may 
;e of distinction, inUmiediate acids. The so-called amie aeuts 


(see Akic Acids) afford i|m most numeront^and b^t known illustrations of this 


Slim tiM resetkMM of the Selit of (ho Sm et«M sro alio poMowed by iboto of tfa« •ocond and third 
^ if we bswaNt«rd to theie reaettoui oitly, alt acirti may be referred to the type 

ecM. To.thu exCeal, but no further, the brdrofvit-tbeury repreoeud correctly the coiw . 
M.iiutwB 4n ail * 
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elaflM. Tnirft Bolphamic acid, they derive from the type jgrsQ j • They can give rise to 

two kinds of double decomposition ; that is, they can derompose either as hydrates 
(derivatives of water), or as amides (derivatives of wmOnia), according to the nature 
of the body with which they react. In like manner, chlorhydafesulphuric acid and 
analogous substances can decompose either as hydrates or as chlorides (derivatives of 
hydrochloric acid). . , , « * ; . . . , 

Another way in which acids may be classified has reference to thw dasuniy : they 
may be divided into monobafiiCt dibasic, and trihasic^ acids. Grab aid was the first 
to call attention to the existence of polybasic acids in his paper on arsenic and phos- 
phoric acids (Phil. Trans. 1833, 263; Phil. Mag. iii. 461, 469). The distinctions 
which he established between monobasic and polybasic acids, had reference merely to 
the composition of their salts. In 1637 Lie big (Ann. Ch. Pharm. xxvL 188.; Ann. 
Ch. Phys. Ixviii. 36) showed^ tliat tartaric, citric, meconic, and some other organic 
acids were polybasic, but hey)ointed out no new general characters of polybasic acids, 
nor any now way of distinguishing them from monobasic adds. Gerhardt (Precis de 
Chimie Organique (1844), i. 71— 84)-waj^ the first to connect the basicity of acids 
with other facts than the composition of their metallic salts, and he and Laurent (Ann. 
Ch. Phys. [3] xviii. 266 ; M Abode de Chimie, 62 — 76, or Cavendish Society’s Transla- 
tion pp. 60 — 62) first placed the question on its present footing. 

Mono-, di-, and tri-basic acids may bo defined, in a few words, as containing respec- 
tively, one, two, and three atoms of hydrogen replaceable by other metals, or by com- 
pound groups of analogous function. This definition, taken by itself, isj. howevcfr, 
obviously insufficient to decide the basicity of any particular acid, since, by'properly. 
multiplying or dividing its formula, we can represent it as possessing wliatevor basicity 
we please. Hence, before wo can decide what the b^icity of an acid is, we must 
know its atomic weight, and conversely. 111 order to fix the atomic weight of an acid 
we require to know its basicity : in other woz^ determination of its basicity and 
the determination of its atomic weight are the Same thiD|^. 

To decide either of these points, we must take into consideration the general beha- 
viour of the acid with other bodies, and the nature of its derivatives. The following 
are the most important general difiPerences shown by apids of different degrees of 
basicity: — > 

а. Each monobasic acid a. Each acid can d. Each acid can 

can form hut one ether, form two ethers; one of form three ethers; one of 
This is neutral in its pro- them neutral, the other them neutral, ihe other two 
perties. Two volumes oHts acid. (Thus, sulphuric acid, (o.^, phosphoric acid 
vapour contain . only one acid forms sulphate of ethyl forms phosphate of ethyl 
volume of ethyl, or alcohol- and ethyl-sulphuric acid.) and monethyl- and diethyl- 
residue. Monobasic acids Two volumes of the vapour phosphoric acids.) Two vo- 
do not form acid ethers. of the neutral ether con- lumes of the vapour of the 

tain two volumes of ethyl neutral ether contain three 
or alcohol-residue. • volumes of alcohol-residue. 

б. acids cannot 5. Dibasic acids ean • 6. acids can form 

foTO stable, well-defined form, with each metallic' three with the same 
acid salts, or salts with base, a nentral salt and an metallic base, two of them 
two or more metallic bases, acid salt, yhich last is acid, and one neutral. 

exactly intermediate in They cim also form double^ 
composition betweeen the triple, and hybrid salts, 
neutral salt and the free 
acid. TheySinan also form 
wcU-defined double siilts 
containing two metallic 
bases, as welt as hybrid 
salts containing two or 
more metallic bases in in- 
definite proportions. 

c. Xbnobasic acids cannot c. Dibasic acids can form 
form double or multiple double ethers, that is, 
others, that is, ethers con- ethers containing two kin^ 
taining two or more kinds of alcohol-residue. (&- 
of alc&ol-residue. ample, double oxalate of 

ethyl and methyL) 
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Th 9 abore diatiiietioiis apply to adds of all kinds, ibom whateref type they tierire. 

The fi>llownig apply only to acids which dmye fiom the type water (oxaotde). 

d. SSudi ooradd^,;: d* Each diba^ oxacid d. Each tribasic oxacid 

can form a chloiidep in two dm form a chloride, in two can form a chloride in two 
Tolumes of the Tmotir of wSumes of the vapour of volumes of the vapour of 

which is contain^ which are contained two which are contained thrte 

volume of chlorine. Each volumes of chlorine. Di- volumes of chlorine, 

such c^oride^ can take up basic oxacids can also form 

an atom of c^gcn imd an chlorides which contain, 

atom of hydrogen in ex- in two volumes of vapour, 

change for an atom of chlo- only one volume of chlo- 
rine to re-form the normal rine, and are exactly inter- 

acid, — ^hut there is no com- mediate in com^sidcm 

pound intermediate in com- between the chioriaella^'; 

position between the chlo- mentioned and the nonh& : 
ride and the normal acid. acids; that is, thej'c^ 
take up an of claorine 

in exchange for an atom of 
oxygen and an atom of 
hydrogen, to form chlorides 
containing two volumes of 
chlorine in two volumes of 


vapour ; or they can take 
up an atom of oj^gen and 
an atom ofliy^gen in 
exchange flpr an atom of 
chlorine, ;;to 1te-form the 
nonnali^^id. Thus, sul- 
phuric ilidd, SO^H*, forms 
chloride of sulphuryl or 
chlorosulphurib aldehyde 
SO®CP, and the interme- 
diate compound chlorhy- 
drosulphonc acid, S0*HC1. 


s. Monobasic oxacids, oy 
reacting with ammonia, or 
its derivatives, form neu- 
tral amides, in two volumes 
of the vapour of which is 
cont^ed only one volume 
of nitrogen. There are no 
compoonds intermediate be- 
tween these amides and the. 
corresponding acids. 


s. Dihasic oxacids, by 
reacting with ammonia, or 
its derivatives, form neu- 
tral amides, in two volumes 
of the vapour of which are 
oontainea two volumes of 
nifirogen. Intermediate in 
composition between these 
'amides and ^the corro- 
epopding acids are com- 
pounds, generally acid 
(apuc acids), in two vo- 
lumes of the vapour of 
which is contained but one 
volume of nitrogra. For, 
example, oxiuic acid, 
formuautral ox- 
amide, CW*H*N*, and the 
intermediate compound 
examic acid €*0*H*N. 


/• Mmuhatie do 

»ot $om. acid oompoimds 
(ao-eaUed conjugate adds) 
by reacting with hydro- 


f. Dibasic oxadds form 
add compounds (coi\jugBte 
adds) Iw reacting with 
hydrocarTOns orpther nen- 


e, Trihasie oxadds, by 
reacting with ammonia, or 
its derivatives, form neu- 
tral amides, in two volumes 
of the vapour of which are 
contained three volumes of 
nitrogen. Intermediate in 
composition between each 
of these amides and the cor- 
responding acid, there may 
exist two acid compounds, 
one monobasic and contain- 
ing in two volumes of va- 
pour two volumes of nitro- 
gen : the other dibasic and 
containing in two volamcs 
of vapour only one volume 
of nitrogen. For example, 
dtric add,' C*H*0^ forms 
with phenylamine (aniline) 
neutral citroplienyleroide, 
C«H»0<Fh»N», <Ph«C"H»« 
phenyl), and the interme- 
diate monobasic citrodiphe- 
nyJamic acid, C*H"0*Fh*N* ; 
the dibasic diromonophe- 
nylamic acid, 

has not yeih^n discovered. 

f, Trihasie oxadds form 
amd eonmunds hy reacting 
with hydracarbOns or other 
ncutrvd substances. For 
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eftrboniy op othor 
sabitanoes. 


acids. 

neutral tral substances. For ex- 
ample, sulpbnnc acid re- 
acts with benzene to form 
snlphobenzidic (phenylsul- 
phurous) Bcid, and TTitii 
gijrcerin to form sidpho- . 
glyceric acid. 


example, 
reacts wij 
phospb 



(Compare Odling, Chem. Soc. Qu. J.xi. 127.) . , ’ .. yv , 

In addition to these, other properties of acids might be menttoned, whieb are con- 
nected more or less intimately with their basicity ; but, notwffihsitaiiding the^ nunibe|!^ 
of comparatively very well-defined characters which they severally possess, it is 
possible to establish any absolute distinction between monobasic and dibasic, or between^! 
dibasic and tribaaic acids. There are many acids, whfeh, in relation to a particulift 
set of reactions, have the properties of monobasic acids, in relation to another set 
of reactions, behave like dibasic acids; others, again, appear from one point of view to 
be dibasic, while from another j^int of view they seem to be tribasic. This will 
pear more distinctly by considering what degree of generality belongs to each of the^ 
diiferences we have pointed out l>e tween acids of different basicities. 

a. Number of ethers. Perhaps the only exception to this law is afforded by phosplio- 

rous acid, which forms three etliers, one of them containing, in two volumes of vapour, 
three volumes of alcohol-residue, although, as regards its metallic salts, it is only 
dibasic. % . 

b. Number of metallic salts. Acetic and formic acids, which possess in a special 
degree most of the chttracters of monobasic acids, form, each of them, two potassium- 
and two sodium-salts. 

c. Multiple ethers. No exception to this law is known so far us regards mono- and 
di-basic acids. Tribasic acids ought by analogy to form ethers containing two or three 
kinds of alcohol residue ; none such have yet been obtained, but there is no reason to 
suppose til at they miglit not easily be formed. 

d. Numher of chlorides. Some acids, which according to a, 6, and o would bo clafl&ed as 

monobasic, form chlorides containing two volumes of chlorine, as well as intermediate clilor- 
acids. For instance, W u r t z ’ s chtonire cfacityle ohJtork^ C’-'H^CPO ( Ann.Ch. Phys. [3] xlix. 
60) reacts with one atom of water to form cbloracetic acid, C^H^CIO® ; and this, with * 
a second atom of water, forms glycollic acid, These three bodies are thero*^/ 

fore related in the same way as chloride of sulphuryl, chlorhydrosulphuric acid, an4 
sulphuric acid. Again, lactic acid, a homologue of glycollic acid, is decQU)** 

posed by pcntachloride of phosphorus, giving chloride, of lactyl, C“H^CPO, which . 
acts with alcohol to form chloropropionate (chlcahydrolactate) of ethyl, 

(Wurtz, Ann. Ch. Pharin. evii. 192); that is t6 4%,ethe ether of an acia intermedia^- 
between cldoride of lactyl and lactic acid. The *imi|pnediate acid is pr^ttoed . 
C*II*CiO^ by the action of chloride of lactyl on W^fi^-'^iUlrich, Chem. 

xii. 23 ; Ann, Ch. Pharm. cix. 268.) So far thenr^i l^ir chlorides are 
glycollic and lactic acids resemble dibasip and ndt^itQno^Misic aci&. (Sci^; |ibb 5^ 
servations on r.) ' 

In the case of tribasic acids, no intermediate cbloracids are known, such as would’* 
^rrespond to chlorhydrosulphuric acid and other derivatives of dibasic acids. It is 
probable that eacli tribasic acid can form two such compounds, that phosphoric acid;- 
(PH^O^), for example, can form chlorhydrophosphoric acid (PH*C10*,) dibasic?) and 
dichlorhydrophosphoric acid* (PHCIW, monobasic?) 

e. Number and nature of amides. Some monobasic acids form anodes containix^ Jfi 

two volumes of vapour, two volumes of nitrogen. For initaxi^, acetic acid TorSi 
aoediamine, between which and acetic acid acetamide C*‘*H*NO is 

exactly intermediate, (just as oxamic aeid, C®II®NO*, is intermediate between oxamide^# 
0^H*N-0*, and oxalic acid, acetamide, however, is neutral, not acid, bs ito 

properties. 

Certain ^ other acids, generally considered monobasic, form amides containing’ oni^s 
atom of nitrogen, which possess some of the properties of acids. Thus g^yeoUic acid, 
C^IPO*, forms glycocoU, C'H^NO*, a substance capable of acting as an amd, and p66- 
seMln^^ the some relation of comix>sition to glycollic acid, that oxamic add doea 

alic acid, or acetamide to acetic acid. The so-called benzamic, toluamic, 

&C. acids, are substances of a similar constitution! they are to oxybenaou 
&c. adds what glycocoU is to glycollic acid. In short, glycoQic and L 
though in the strict sense mono^sic are diatomic; that is, fomTW/| - wU 

k *'***^" iulphuric anhydride U brought In oomadt 

hydroehtprfe Mid HCl m SHCIO^). Similar^, a liquid, which probably coaUdM^hue e 
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vitli each Isase — are monobasic as regar^ their metallic salts, — ^bnt resemble' 

dibtfic adds as regards their other derivatives (chlorides and amides). 

f,^Qrmatim qf 'eomj^ex acida. The difference in respect of acidity between com- 
mands formed ^ the re#dson of monobasic and of poly basic acids on neutral sub- 
stances^ isa p^icu}ar i||96 V a general rule which was first announced by Gorhardt 
(Precis de C^him. Organ, i* (1844) 102; Compt. rend. Trar. Ciiim. 1845, 161) in the 
following form; J? jp* 1, where B denotes the basicity of the body resulting from 
the the reac^tion, 5 and JRhe basicities of the reacting substances (the basicities of 
alkaline or nentralsabs|[^ces, and of mono-, di-, and triliasic acids being estimated re- 
qiectivdy as 0, 1, 2, and 3). Streckor (Ann. Ch. Pharm. Ixviii. 47) showed that the 
' 'jrri admitted of a somewhat more extended application in the form if 6 + 5' — ag, 
■-where ag denotes the number of atoms of water which separate in the reaction. Piria 
(Ann. Ch. Pharm. xevi. 381), ''observing tliat, when more than two substances reacted 
upon each other, the number of atoms of water formed was usually one less than the 
number of reacting substan^, expressed the rule of basicity in the following form, 

B 5 -f 5' + 5^' + . . . . — — 1), (n being the number of reacting substances). 

In all these expressions, one substance only is regained as the essential product of the 
reaction, but, if wc take into consideration the basicity of all the products (water, 
hydrochloric acid, &c. ns well us more complex substances) and ri^rd water as a 
monobasic * acid, we arrive at the following expression — TAe sum of \he hosidiies gf 
ike products of a reaction is equal to the sum of the basicities of the reacting bodies^ 

Examples ; — 

HCl + KHO = KCl + H*0 
Basicities 1 + 0 0 +1 

WSO* + KHO « KHSO* + IPO 
Basicities 2 + 0 = 1 + I 

IPSO* + KHO + KHO « K*SO* + H*0 + HH) 

Basicities 2 + 0 + 0 = 0+ l+ l 

Acetate ef 

Acetic acid. Alcohol. ethyl. 

+ OTPO = C*H«0» + H*0 
Basicities 1 + 0 « 0 +1 

Acetamide. 


C*II»0« + NH* = C^H»NO + n*0 
Basicities I + 0 = 0 ' 1 

> Acctochlor- 

bydrohrom- 

' '*;®ycerin. hydrin. 

0»H‘0» + HCl + HB» + = c5*(^cii3r + H“0 + H’O + H'O 

BasieitiM 1 -»■ 1 -t- 1 -f ' t) 0 -t-l-t-lH-l 

Fbom^amlde. 

+ H’O + H’O + H'O = H'PO* + NII» + NH* +JNn» 

Basicities 0 +1+1 + 1= 3 + 0+ 0+ 0 

The application of the rule of basici^ to 8ul>Btancc6 wliich, like glycollic acid, ara 
luonatonuc in some relations but diatomic in others, or, like phcnylic lucohol (earboUa. 
acM), are intermedidta bc^een neutral bodies and acids, often leads, as might be ex- 
pect^ to contradictory rel^ts. It must be looked upon, not as a law universally tru^ 
Wt as a rule applicable to the majority of cases, and always dependent on our defini- 
t^ns cf acidity and basicity. (Comp. Keknl^, Ann. Ch. Pharm. cvi. 130.) 

It has been pointed out byBeketoff (Bullet, de T Academic do St. Pdtorsbourg, xiu 
^389) that this law, in any of the forms yet given to it, gives contradictory results 
when applied to the three following reactions, which nevertheless are strictly com- 
parable with each other. 



‘ he also considered m a monacid base^ the aeidily of bases (or the number of atoiTii of acid 
UMjjr react.— a property cfirrt'laf Ire with fra«sit<y,)ls UKually conformable to the lollowhuf 
V ike adsUiee qf the produett of a reaction it equal to the tom of the aeiditfet^ the 
““wsentatlon of water as a monolmsic acU and- as a miinacid base expresses the fact 
op I atom of an eleciro>posltive« or of an electro.ncaatlrc radkle fn exchange tor au 
ar, an electro-posltlre and an electro- negative radicle In exchange for the two atoms 
representation of water as a dibasic acid (or as a dlacld base) e»press« tj^i poisU 
both atoms of hyilrogen Iw the same radicle (tonnation of anhydrides). a*»is ry- 
not unfrcqiipnt, certainly takes place less readily than the ^placement of I Of 
[T, or than ^ replacement of the two by radicles of ^flbrent elMtro-cbemleal aiialiUea» 
wmever, is evidently entirely relailve. 
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m 


Brnxole 

acid. 

Alcohol. 

Benroate 
of ethyl. 

i.c"h«6« 

+ C*H«0 

>1 C^'»0* + H’O 

Basicities 1 

+ 0 

.* 0+1 

Bensolc 

Acetic 

Aceto- 

henioic 

acid. 

At- Id. 

anhydride. 

2. 


« C“n«o* + H*o 

Basicities 1 

+ 1 

0 +1 

Alcohol 

Mcthyllo 

alcohol. 

Methyl- 

ethyl 

ether. 

s.c^ipo 

+ C^H^d 

-C'HK) + H*0 

Basicities 0 

+ 0 

0 +1 


According to the conventions which have been made above, the sum of the basicities 
of the products of tlie first reaction is equal to the sum of the basicities of the re- 
agents, but in the second reaction it is less, and in the third it is ^ater. The 
obviously artificitil character of the law of basicity, which is sufficiently shown 
by these instances, induced BeketofF to propose to compare the whole quantity of 
replaceable hydrogen in the reagonts with mat in the products, instead of merely 
comparing their basicities, or the number of atoms of hydrogen which are easily re- 

S ilaceubJe by basyloua radicles. If the so-called typical formulae (see Pobmul^ 
Iationai.) are employed in writing tlio above reactions, it at once becomes evident 
that in each case the whole quantity of rcifiaceable hydrogen is two atoms, both in the 
products and in the reagents ; and in all regular double decompositions, tlie whole 
nunibor of atoms of replaceable hydrogen remains similarly unaltered (For an account 
of all that is important in Beketoff’s paper, and for an extended criticism of the 
law of basicity, see Kekul4, Lchrbueh d. organisch. Chomie, pp. 210—219.) 


A general classification of acids according to their composition cannot yet be given. 
There are but few clomonts which are known to form more than two or three distinct 
acids ; and, although many remarkable relations can be pointed out among the acids 
formed by different elements, tliose relations are more important as indications of 
analogies among the elements, than as serving for the dassilication of the acids them- 
selves.* There is, however, one element — carbon — wliich, in combination with hy- 
drogen and oxygen, forms a very large numl>er of acids, the best known of which, 
generally exhibit, when compared together, certain gradations of chemical composition 
nnd properties, in accordance with which they can be arranged in a number of 
loffotis series, (Saa Homology.) The most important of these series are the fol 
lowing : — 

a. Monobasic acids represented by the general formula 


Formic 

Acetic 

Propionic 

Butyric 

Valeric 


acid 


CHK)^ 

C»IPO*, 

C‘IPO‘, 

CnV'0\ 


acid 


OTPW, 

QIOJpjOQ* 


Caproic 
Qilnantliylic 
Caprylic 
Pclargouic 
Rutic or capric 
&;c. 

The acids of this series are found in various vegetable and animal products ; several 
of them occur in combination with glycerin as the chief constituents of most natural 
solid and liquid fate. The first four have been found in mineral waters (Scheerer, 
Ann. Ch, Pharm. xc^. 257). They are produced ai’tificially by a great variety of 
processes, the most important of which are the following : 

1®, The oxidation of the alcohols 

CHPO + 0» =* C*H‘0» + H*0. 


Ethvl- 

alcohol. 


Acetic 

acid. 


2®. T^d^mp^ition of the so-called nitriles, or t^anides of alcohol-radicles, of tha 
formula by alkaline hydrates. ^ 

C*H‘N + 2H*0 C*H*0* + NH*. 


Propfooic 

acid. 


Acetonitrile 
or cyanide 
of rthyl, 

I. •’y *''* — «>• Roj.1 ImUMUcn, SOChV^iiKlh 



ACIDS. 


SI 


3^. The combination of themtassium- and sodium- compounds of the aloohol-xadiclot 
with carbonic i^ydrido, 

C*H‘Na + CO* - C*H*NaO* 


Sodium- 

eth|i. 


Propionate 
of codium. 


4^. The oxidation, destructiye distillation, fermentation, or putrefactive decompo- 
sition of complex organic compounds. 

W^en a fixed-alkaline, or alkaline-earthy salt of one of these acids is subjected to 
dry distillation, a carbonate and an acetone are generally produced. Those products 
are formed by the decomposition of two atoms of the salt. 

The dry distillation of a mixture of the fixed-alkaline, or alkaline-earthy, salts of 
two acids of this series ^ves rise, in like manner, to a carbonate and to an acetone 
intermediate in composition between the two acetones corresponding to the acids 
employed. 

When one of the salts is a formate, a similar reaction takes place, but an aldehyde 
is then produced instead of an acetone. 

In some cases the dr}' distillation of salts of those acids produces (besides acetones) 
aldehydes, or isomeric compounds (butyral, Tulerul ) and hydrocarbons. (See Au>b- 
HYDES, AcBTONUS.) 

When distilled with excess of alkaline hydrate, they give hydrocarbons of the 
formula (hydrides of alcohol-radicles) and alkaline carbonate. 

C’‘H*KO* + HKO - CK*0» + CH*. 

Acet. pota«- Hydride 

slum. Dimothyl. 

With pentachloride of phosphorus they produce chlorides of the formula 1 

C*H<0* + PC1» = C»H*OCl + POCl* 4 - HCl 


Acetic acid 


Chloride 
of acetyl. 

Their alkaline salts distilled with arsenlous anhydride give compounds of arsenic 
with the alcohol-radicles, (See Ausknic.) 

Subjected to electrolysis, they give carbonates, alcohol-radicles, hydrogen and hy- 
drocarbons of the form C"H*" and 

Under the influence of chlorine (or bromino) they lose one or more atoms of hydro- 
gen, and take up in exchange an equivalent quantity of clilorine, forming chloracids 
whose general properties usually rescmblo closely those of the normal acids from which 
they are formed. 

C*H^O* + Cl* C*H»C10» + HCl. 

Acetic acid. Chloract'Uc 


+ Br« - C*H*Br*0* + 2HBr. 

'■ 

Dibrom. 
acetic acid. 

+ CP - C*HCPO* + 3HCL 


Trichlor- 
acetic acid. 


h. Acids represented by the formula C*H*"0*, di-atomic, but usually monobostc. 
The acids of this series differ from those of scries a by containing three, instead of 
^o, atoms of oxygen. 

Carbonic acid 
Glycollic „ 

Lactic 


cir*o», 

C»H*0», 

C»H«0». 

C<H*0», 

C*H»*0». 


Butylactic „ 

Valerolactic „ (Buttlerow) , 

Leucic „ . 

These acids are fionned 

1®. By the reaction of the protochloro- or protobromo- derivatives of the adds of 
senes a with hydrates. 

C»H*C10* -h HKO « C*HW + KCL 


X 2 


Glycol lie 
acid. 


Chloracetic 

acid. 
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IP. Brtb» osidation of the diatomio alcoiob, OH” * *0* (glyeola). 

OH*0* + O - OH*0* + H*0. 


Gljrcol. Gljrcollie 

acid. 

3®, Bv the aridation of certain amides of animiil origin (glycocol and homologues), 
meelally bj nitrous acid. 

C'ffNO* + NHO* « C*II*0* + N* + H*0. 


GlycocoU Olycollic 

acid. 

4®. By fermentation. 

The acids of this scries are decomposed by heat into anhydrides and water. (In 
the case of carbonic acid, this decomposition takes place at the ordinary temperature.) 

With pentachloride of phosphorus, they produce diatomic chlorides of the formula 
C*H*^0C1*; e.g. 

mW + 2PC1» « C»H^0C1» + 2P0CP + 2Ha 

Lactic acid. Chloride of 

lactyl. 


Lactic acid heated with hydriodic 
(Lautomann) : 


c*H«o» + 2m « c^nw + mo + p 


Lilctic flcld. Propionic iicid. 

This will probably bo found to be a general method of converting acids of series 
b into the corresponding acids of scries a, 

c. Dibasic acids represented by the formula The acids of this series 

represent the acids of series b, in which 2 at^ hydrogen are replaced by an equivalent 
of oxygen. 


Oxalic acid 
Malonic „ 
Succinic 
Lipic 
Adipic 


C^IVO* 

CTPO« 

C»IPO* 

G«H*“0* 


Pimelic acid 
Suberic „ 
Anchoic „ 
Sebacic 


CTI''^0* 

C»H'«0« 

C>°II«0*. 


These acids are, for the most part, products of oxidation. They are solid at ordinary 
temperatures, and are not volatile without partial or complete decomposition. Some 
of them are decomposed by heat into carbonic anhydride and a monobasic acid of 
series a. 

c’H^o* « c*n«o* + CO* 


Malonic acid. Acetic acid. 

Several of them also produce acids of series when fused with excess of alkaline 
hydrate; the reaction is accompanied by evolution of hydrogen (Gerhardt). 
Suberic and ecbacic acids lieatcd with a great excess of baryta, lose the elements of 
of 2 at. carbonic anydrido and yield the hydrocarlmns C®H'* and it is pro- 

bable that other acids of this scries would be decomposed in like manner if similarly 
treated, (lliche.) 

Pentachloride of pliosphorus reacts on the acids of this series, producing at first 
the corresponding anhydrides, which are afterwards converted by excess of the 
chloride into chlorides of the formula C"K*»-«0*C1* ; s. g, 

1®. + PCI* - C«H^O* + 2HC1 + POCl*. 

Supfinic Surclnlc 

ap'tl- anhydrldp. 

2®. C*IT'0» +• POP « C^H^0*C1* + POCl* 

Snci'Inic Chloride of 

Ruhyilride. aiiocinyl. 

Th^ is a certain n\imber of acids which do not enter into any of these three series, 
but which are related to certain memWrs of them in the same way that the acids be- 
diffopcnt series are related to each other. For instance, glyoxylic aci^ 

» diffem from gly collie at*id, C-H*0*, in the same way that the fatter differs 
ftom acetic acid, C-'H'O*; namely, by containing one more atom of OOTgeii. And 
just as bromacetic acid when boilctl with oxide of silver produces bromide of silver and 
glyeoUio acid — 

♦ (PIPBrO* + HAgO = C*HK)* + AgBt 

Bromwrtlc ClvcolUc 

add. acid. 
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hromogfycoDic acad^ vlien tdmilarly treated^ fields bromide of ailtiar and ^fyoMylic 
add (Perkin and Puppa), — 

C?H*BrO» + EAgO « Cf*H'0* + AgBr. 

« «- ^ 


BronM^^coJlio 


GiroxtJfo 

acid. 


Similarly, there is the same difference between glycerio acid, {homologoiia 

with gl^oxylic acid) and lactic acid, C*H*0*, that there is between lacuc acid and 
propionic acid, C^HW. Again, malic and tartaric acids, C^H*0* and 0*H*0*, 
differ from succinic acid by containing respectively one and two atoms more oxygen 
and they can be converted into succinic acid by heating them with hydriodio acid, in 
the same way that lactic juid can bo converted into propionic acid (Schmidt); moreover, 
dibromosuccinic acid is decomposed, when boiled with oxide of silver, into bromide 
of silver and tartaric acid, just as dibromacetic acid is decomposed under similar 
circumstances into bromide of silver and glyoxylic acid (Perkin and D up p a ). The 
same relation that exists between malic and succinic acids exists also between tlieir 
liomolo^es, tortronic malonic acids and C*II^O^, but in the case of 

these acids, the conversion of one into the other has not yet been effected. There is 
little doubt that these acids — glyoxylic and glyceric, tartronic and malic, and tartario 
— represent homologous series running parallel with the three first described, but of 
vdiich the other terms are as yet unknown. 

The relation of all the series of acids, of which wo have yet spoken, to each other 
and to the alcohols homologous with common alcohol, glycol, ana glycerine, is shown 
in the following Table, giving the general formuho of each series. It will be seen 
that of the formulae written one above another, each contains one atom of oxygen 
more than the formula next above it, and that of the formulae written in the same 
horizontal line, each contains two atoms of hydrogen less, and one atom of oxygen 
more, than tlio one directly to the left of it. Where known, a special illustration of 
each general formula is given. 


Monatoinic. 

Alcohols. 

Acids. 

— 

Monnboiic. 

i;nH3nO« 

Propionic, 

aiul acid* ofserieta. 

Pyruvic, C3H403? 

wm 

Diatomic. 

PropjMIc 

Lactic, C?»H«05 
and acidi of leriei b. 

OttMlIC. 

baH2o-SO< 
Malonic, C3|PO< 

Sjiccinic, 

and adds of seriei e. 

CoHaB-40» ’ 

Mesoxallc, C>H*0 

Triatonne, 

Con*n+sO’ 

Gljcerin, C3H«03 

CnWnQi 

Gljrcerle, C*H*0< 

CaH»a-to» 

Tartronic, 

Malic, C<HBO» 

Tribuia 

Tetratomic. 

C*H*n-l-*0* 


CBHta-*Oe 

Tartaric, 

Cttric, 0«H*0t 


Another scries of acids is represented hy the general formula C*H**-“*0*. They 
are monobasic like the acids of series a, but diflTer from these by containing 2 atoms 
less hydrogen combined with the same quantity of carbon and oxygen. None of 
them have yet been very thoroughly investigated, and the empirical composition even 
of some of them is still open to discussion. The terms of this series hitherto more or 


h-ss known are — 

Acrylic acid . . C»HK)* 

Crotonic „ . , C<H«0» 

Angelic „ , , C*H*0* 

Pyroterebic 

Hamaluric „ . , 


Campholic add 
Monngie „ 
Hypogaaic 
Oieie „ 

Brassio „ 


C«*H*0* 


£ 3 



















M ACONITIC ACID. 

The following dibasic acids represented by the general formula are 

related — so far at least as composition is concerned — to the last series, in the same 
manner as the acids of series c are related to those of series a. 

f iimaric acid • • Terehic • • • • C*H**0^ 

Citraconic ) Camphoric . . . C**H“0* 

Itaconic > acids . . C*H®0* 

Hesaconic ) 

There are still two other series of acids, presenting the same mutual relations aa 
the series a and 6, several terms of which have been very fully studied. They are, — 

1* Monobasic acids of the general formula 

Benzoic acid 

Toluylic C»H"0* 

Cuminic 


2. Diatomic acids of the general formula 

Oxybenzoic acid C’H®0* 

Oxytoluylic C*H*0* 

Phloretic 

Oxycumiuic 

The position which a few of the yet remaining organic acids occupy in relation 
to the series already recognised can be indicated with tolerable certainty ; but the 
greater number are still so imperfectly known that they cannot be included in any 
elawyiileation which is not entirely articiftal and empirical. — G. C. F. 


ACOKXTZG ACID. C'ai«0« = 0* [or (7^77® 0‘ 2]. Eqiiisetio acid, 

Citridic Acid, (Gm. xii. 408; Gerh. ii. 110; iii. 960; iv. 922.) — An acid found 
in the roots and leaves of monkshood {Aconitmn Napdhts) and other. aconites, and in 
the herb of DJ phinium Cnnsoiida, collected after flowering. It is also produced by the 
metamorpliosia of citric acid under tlie influence of heat. It exists in the aconito as 
aconitutc of calcium, which cryHtallisc.H out on evaporating the juice, and on account 
of its insolubility may by freed from the colouring matters and other impurities, by 
washing with water and alcoliol. The aconitato of calcium is then dissolved in very dilute 
nitric acid, and the flltcvod li(juid is precipitated wdth acetate of lead. The aconitato 
of lead, after being well washed, is decomposed by hydro.sxilphuric acid, the sulphide 
of lead filtered off, and the solution whieli contains the aconitic acid is evaporated to 
dtyncsB, and the residue treated with ether, in which the acid dissolves, leaving the 
impurities. 

To obtain it from citric acid, the acid is heated till it ceases to give off inflammablo 
vapours; and the residue dissolved in alcohol is treated with hydrochloric acid, by which 
aconitic ether is formed, and separates on addition of water, as an oily liquid, which 
by treatment with potash is converted into aconitato of potassium. This salt is 
next converted into a lead salt, and the acid is liberated by hydrosulpliuric acid as in 
the preceding process. 


On evaporating the ethereal solution, it is left as an amorphous mass, veiy soluble 
In water, alcohol, and ether. Wlien heated to 160® it is converted into an oily liquid, 
which is iiaoonic acid^ = C*II®0'‘ + CO*. It is distinguished from fumaric 

acid by l)oing more soluble in water, and fromTualeic acid by not crystallising. 

Aconitic acid is tribiisic, and forms throe classes of salts, C»HS(hPH)0« ; 

and C®iP(MH*)0*, the first and third formulte being doubled for salts of diatomic metals, 
iho aconitjvles of ammonium, potassium, sodium, magnesium and zinc, dissolve readily 
in water ; the rest are insoluble or sparingly soluble. The soluble aeon i tales form 
With solutions of load and silver white fiocculont precipitates, which do not become 
crj'stalli no either by ebullition or after prolonged immersion in the liquid, whereas the 
**'^'"*^*' precipitates formed by fumaric and maleic acid are crystalline. 

Wmi amfmmium and potasidum^ aconitic acid forms salts corresponding to each of 
the thrao forumlre above given ; with sod-Atm, a disodic and a trisodic salt. Aconitate 
o/caleittm, C H*Ca*0** + 611^0 ? occurs in large quantity in extract of aconite. It may 
also 1)0 prepared by dissolving lime in aconitic acid, or by precipitating chloride of 
wlcium with aconitato of sodium. It dissolves in 99 parto of cold water, more readily 
in boiling ^ter. The solution evuxiorated at a gentle heat, and without agitation, 
yields a gelatinous miws which dries up to a gum ; but if a few crystals of the salt be 
introduced sobition, the whole is deposited in delicato crystals. Atanitate n/ 

manganese, 0«H-Mn®0’^ + 12H'0. is obtained by boiling the acid with carbonate of 
mnganose. sparingly soluble in cold water. Acani-^ 

0 / had O nn by * + 3Hy, IS sparingly soluble in boiling water, and gives off 
6 29 per cent, water at UO®.— At owitofr of silver, C«H*A^O® Nitrate of silver is not 



ACONITINE, M 


precipitated bj the firee acid, but with the idkaline aconitatea it forma a white, 
amoT^houB, sparingly soluble precipitate, which is partly reduced to the metallic etute 
by boiling with water. 

Aeonitate pf Ethyls OH*(C*H»)«0*, is prepared by dissolring aconitic add iu five 
times its weighty of absolute alcohol, and saturating the solution with hydrochloria 
acid. On addition of water, the ether separates in the form of an oily layer. 

It is a colourless liquid, having an aromatic odour, and very bitter taste. Boils at 
236^, and has a density of 1*074, at 14®. 


Ac<mitanilic acid or Phenyl-aconitamic acid, C**H*NO* « ()|N(C*H*0*y".C*H*. 

an amic acid formed on the typo 0 1 , three of the hydrogen-atoms in the am- 

monium Wng replaced by the triatomic radicle, aconityl, and the fourth hyphenyL 
It is obtained by the action of water on the (not yet isolated) compound, 
produced by treating citranilic (phenyl-citramic) acid with perchloride of phosphorus ; 
probably thus : 


C'*H”NO» + 2PC1» « C"H«NO*Cl + 2POC1* + SHCl; 

Citranilic acid. 


and C>2IPNO»Cl + IPO = C>*H»KO* + HCL 


Wiien 1 at. citranilic acid is mixed with 2 at. perchloride of phosphorus, added 
1>V small portions, and tho action is assisted at intervals by a gentle heat-, the whole 
dissolves, forming a yellow liquid ; and on treating this liquid with water, hydro- 
chloric acid is evolv«!cl, and acoiiitanilic acid separates in the form of a soft substance, 
whicli, hy solution in hot water and cooling, may bo obtained in small yellow needles, 
hut cannot he rendered colourless even by repeated crystallisation. The acid dissolves 
s[>aringly in water, easily iji alcohol, and very easily in aqueous ammonia ; and the 
ainmoniacal solution mixed with nitrate of silver, yields rose-coloured flakes of the 
C'-IPAgNO^ (Pcbal, Ann. Ch. Pharm. xcviii. 83.) 

Acomiodiaml or DlpItcnyUaconito^diamidc, - N*.(C«IPO*.)'"(C‘»H»;*.H, 

is produced (together with aconitanilide), by tho action of aconitic acid upon aniline : 

C«H«0* + 2C“H'N « C«H'*N*0» + ZWO. 
ahso by the action of oxychloroeitric acid upon aniline : 

C*H«0«CP + 2C*H^ = + 3H*0 + 2HC1. 

It is insoluble in water, very sparingly soluble in cold alcohol. From solution in a 
largo quantity of boiling alcohol, it ciystallises on cooling in slender, pale yellow needles. 
(Pebal.) 

Aconitanilide or Triphmyl-ncmiito-triamide^ « N\C"n*0*)'''(C*H*)*.H*, 

appears to be formed simultaneously with aconitodianil, by the action of aconitic acid 
or oxychlorocitric acid on aniline : 

C^lPO* + 3C«H'N » + flllK) 

and C«n"0«Cl'‘* + 3C"H*N « C’*H«N»0» 3H'-'0 + 2HCI 

It is an amorphous substance, insoluble in water, but very soluble in cold alcohol, and 
is thereby easily separated from aconito-dianil. (Pebal.) 

The amides of aconitic acid have not yet been obtained. 

ACOWZTZiri:. [or (Geiger, Ann. Ch. Pharm. vii. 200 ; 

Morson, Pogg. xlii. 176; v. Planta, Ann. Ch. Pharm. Ixxiv. 246.) — The alkaloid 
contained in the Aconitum EaptUtts, and probably in all the acrid aconites. It is 
obtained by exhausting the leaves with ^cohol, saturating the extract with milk 
of lime, separating the lime by sulphuric acid, evaporating the filtered solution of 
sulphate of acontino at a gentle heat to expel the alcohol, then diluting with water, 
and treating the solution with Ciirt^onate of potassium, which precipitates impure 
aconitine. The pro<1uet is purified by redisiolving it in alcohol, treating the solution 
M'ith animal charcoal, reconverting the base into sulphate, again decomposing this 
salt wiih hydrate of lime, and treating the precipitate with ether, whicn dissolves 
nothing but the aconitine. 

Pure aconitine is deposited foom solution in dilute alcohol in white pulverulent 
grains, or sometimea in a compact, vitreous, transparent mass. It is inodcowus, but has a 
persistent, bitter, and acrid taste. It dissolves sparinj^y in cold water, and in 60 
fiarta of boiling water, forming a strongly alkaline somtion. It is veiy soluble in 
alcohol, less in ether. At 80® it melts into a vitreous mass, without loss of weifj^t ; 
at 120® it turns brown, and at a higher temperature snficra complete dccompositjioD# 
it is dissolve*] without colour by nitric acid. Sulphuric acid colours it first yellow, 

B 4 
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then Tiolct ; tincttnw of iodine forma jrith it a kcrmcs-colonred precipitate. It ia in- 
tensely poiaonous, ^ of a grain euffieing to kill a sparrov in a few minutes, and ^ of 
a grain killing it instantly. 

The Baits of aconitine do not aystalliso readily. They are not deliquescent, but 
dissolve easily in water and alcohol. The solutions yield a precipitate of aconitine 
with alkalies. The kydrochlorate^ C*”II‘*'N0^2HC1, is obtained by passing dry hydro- 
chloric acid gas over dry aconitine. Its solution is not precipitated by chloride of 
platinum, but yields a white precipitate with chloride of mercuiy, yellow with chloride 
of gold, and also witli picric acid. 

ACOII'XTY&. ; tlio triatomic radicle of aconitic acid and its derivatives. 

ACXBITB. A name given by Laurent to the hydrocarbon, C*H^. (Sec Allylenr.) 


ACftO&SZir. C>n<0 [or C«//«0»]. (Rcdtenbacher, Ann. Ch. Pharm. xlvii. 
114; Oeutherand Cartmell, ibid. cxii. 1 ; Iliibner and Geuther, ibid. cxiv. 35; 
Gm. ix. 366; xii, 660; Gerh. i. iv. 779, 914.) — This body constitutes the acrid prin- 
ciple produced by the destruotivo distillation of fatty bodies, resulting in fact from the 
decomposition of glycerin. It is also produced by tlic action of platinum-black or of 
a mixture of acid chromate of poUuisium and sulphuric acid on allyl-alcohol, being indeed 
the aldehyde of the allyl series. (Cahours and Hofmann.) (See Allyl.) 

Acrolein ia boat prepared by distilling in a capacious retort a mixture of glycerin 
and acid sulphate of pobissium, or phosphoric anhydride. ‘When phosplioric anhydride 
Is used, tho distillate consists entirely of acrolein ; but the contents of the retort 
are very apt to froth over. With acid sulphate of potassium, the distillation is easier, 
but the acrolein is contaminated with aciy lie acid, sulphurous acid, and other pro- 
ducts, The distillate is colhicted in a receiver kept very cold, and provided with 
a long dischurge-tubo passing into the chimney in order to cany off the vapours, 
which arc intensely irritating to the eyes. To purify the acrolein, it is digested with 
oxide of lead, which removes tho acid impurities, then rectified in the water-bath, 
dehydrated over chlorido of calcum, and again rectified. As acrolein oxidises very 
rapidly by contact with tho air, all these operations must be conducted with a stream 
of diy carbonic acid gas passing through the apparatus. (Redtenbachor.) 

llubnor and Goutlior distil 1 pt. of glycerin with 2 pts. of acid sulphate of potassium, 
over ^ open flame, the hottoiii of the flask being protected by wiro-gauze, and a 
quantity of oxide of lead being placed in the receiver to neutralise the acid products. 
According to these chemists, the proees.s consists of two stagiis, the acid sulphate of 
potassium first dissolving in tlio glycisrin, forming glyeerosulphate of potassium, >vith 
elimination of water, so that the fii*sb portion of the distillate consists chiefly of water, 
witli but little acroh'in ; but, afterwards, when the liquid becomes more concentrated, 
the glyeerosulphate is decomposed, and acrolein passes over with only a small quantity 
of water, lius latter portion of the distillate ia subsequently fiui’ificd us in Rcdten- 
baclier s process. 


Acrolein is a colourless, limpid, strongly refracting liquid, ligliter than U'atcr, and 
boiling at 62 4 (Hubner and Gouther). Vapour-density 1-397. Its vaixrur is so 
intonsely irntatmg. that a finv- .Imps throiigh a room are sufficient to render 

the atmosphere insupportable. It burns read ily -witli a dear bright flame. It dissolrcs 
in about 40 parts of water, and very reiulily in ether. Tho solutions are neutral at 
first, but gradually turn ncid by contact with the air. 

^ caniu»t be preserved long, even in closed vessels, as it changes spon- 
taneously into a floeeulent substance called by Rcdteiibaoher and more rarely 

bpt substance, i//>yery-msbi. It sometimes solidifies immediately after 

Scaled tubes. It undergoes tho same transformation under 
Vanmlr m"'"" beeomes charged with acrylic, formic and acetic acids. 

«< 

oniwrtld oonvert acrolein info resinoun products. By oxidiainq agenU it is 

oxido of silver with considcrtfblo Volution 
afrdZ a , r. dissolved. Nitrate of silver forms 
ncrolom a white curdy precipitate (probably C’H’AgO) which, however. 

silver and aciylatc of sUvir. On 

hot in the snecular'fi™ s'dvcr is immediately reduceil, fcut 

?Llontl7'on acrel^' fomi°^ dw’&™‘of“dhiene^^^^^ 

another ofly liquid which app^rs tH" Lmcrie and 

unit* directly, forming the comiieuud C»iro.C^H.O./‘;,aeTt Xti^ '"if 
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respect 37 ith iho compound resulting from the action of acetate of silver on dichloride 
of allylene (Hiibnor and Geuther), and may therefore he regarded as diaoetate of 
allylcne (O»H0".(C*H»O)*.O* 

Acroleift^ammonta. C**n*N^O* «= C*®II**N*0*.H*0. Acrolein acts strongly on 
ammonia, fonning a solid compound (first obtained by Kedtenbacher) : 

4C»H*0 + 2 NH* - + H^O. 

It is best prepared by gradually adding a saturated solution of ammonia^gas in alcohol 
to an aJcoliolic or ethereal solution of acrolein, and precipitatinn by addition of ether* 
It is a white or yellowish, amorphous, odourless compound wiiich turns brown at a 
gentle heat and begins to decompose at 100 <^, giving olT volatile basic products. In 
the moist state it dissolves readily in cold water awl warm alcohol ; less in hot water. 
It dissolves readily in acids, and is precipitated therefrom by alkalis and alkaline 
carbonates. Hence it appears to be a base. Its solution in hydrochloric acid forms 
with tetraclilorido of platinum, a light 3 'ellow precipitate containing, when dried at 
100 ° C'“H"'N*0‘^.2HCLPtt'l*, <ir 2((>ll«NO.HCl).PtUl\ (Hiibner aud Geuther.) 

Acrolein ivith Acid Sulphite of Sodium. — When acrolein is poured into in aqueous so- 
lution of acid sulphite of sodium, its odour is destroyed, and by evaporation over tlie 
water-bath, a brown deliquescent syrup is obtained which does not deposit crystals, 
and from which neither acrolein can be separated by boiling with carbonate of sodium, 
nor sulphurous acid by boiling with sulphuric acid. (Hubnor and Geuther.) 

Hi/drochlorate of Acrolein^ C*H*O.HCL Produced by passing dry hydrochloric 
acid gas into anhydrous acrolein in a vessel surrounded by cold water. The viscid 
prfuiuct, washed and dried over oil of vitriol in vacuo, yields hydrachlorate of acrolein 
us u mass of velvety crystals, which melt at 32® into a thick oil, having the odour 
of rancid fat. It is insoluble in water, but readily soluble in alcohol and other, on 
the evaporation of which it remains as a thick oil. It is resolved by beat into . 
aiTolein and hydrocliloric acid. It is not .apparently altered by boiling with water, 
or l>y the action of dilute solutions of tho alkalis. Heated with ammonia to 100 ® in a 
sculcd tube, it yiehls chloride of ammonium and ELcroleiii'ammonia. Strong hydro- 
chloric acid decomposes it, setting tlic acrolein fi*ee; a similar action is exerted by 
dilute sulphuric or nitric acid. Hydroehlorate of acrolein in alcoholic solution does 
not e-ombino with dicliloride of idatinum, and very slowly reduces a boiling ammo* 
inaeiil solution of nitrate of silver. 

Gaseous htfdriodic acid passed into acrolein exerts a violent action, attended with a 
hissing noise like that of red-hot iron plunged into water, Tho product is a resinoua 
l*o(ly wliieh is insoluble in alcohol, ether, acids and alkalis, gives off iodine wUeu 
heated, and yields a small quantity of free iodine to bisulphide of carbon, 

ISlETAcmoi.nra. Hydroclilorjite of acrolein heated with liydrato of potassium gives 
off hydrogen, and yields an oily distillate, wdiich solidifies in magnificent colourless, 
needh'-sliupcd ciystals, consisting of mctncrolein, a compound isomeric or more pro- 
bably polymeric with acrolein. It is ligliter than water, has an aromatic odour, and 
a emdiiig lasto with burning after-taste. It melts at 50°, solidifies at about 45®, or 
volatilises a little before melting, so that it may be distilled with vapour of water. 
Py heat, it is changed into common ac.Tolein. It is not ufiected by dilute alkalis, 
but when heated with mineral acids it is changfHl more or less into acrolein. In 
a stream of diy hydrochloric acid giis, it melts and is convertc;d into tho hydrochlorato 
of arirolein above described. Hence it is probable that the compound so named is 
really a hydroehlorate of mctacrolein, perluips C®H*0*.2IIC1. 

Hpdriijdaie of Metacrolein is produced by passing cliy hydriodic acid gas over meta- 
crolein, as a heavy yellow liquid which resembles tho hydroehlorate in taste and 
appearance, and after washing in water, shows a tendency to crystallise at ordinary 
temperatures. When placed over oil of vitriol, it decomposes, turning biva|lta and 
giving off iodine. 

H^'driodic acid gas acta violently upon acrolein, producing a rcainona substance 
whieli is insoluble in alcohol, ether, acids and alkalis, and gives up iodine when 
licat*Hl or when digested with bisnlphide of carbon. (Geuther and Cartmell.) 

^ BXSfmALO A.C19. C*n®0*«C*n*O.HO (or (Gm. ix. 369; Gerh. 

1 83 ; iy, 914.) Acroliic acid. This acid, discovered by Kedtenbacber, is produced by 
the oxidation of acrolein. The best agent to employ is oxide of silver, which, when di- 
gested with acrolein, yields a deposit of metallic silvier, and a solution of acrylate of 
silver. This salt is decomposed by hydrosulpburic acid, and tho acrylic acid thus set 
free is purified by rectification. It is necessary carefully to cool tho vessel during the 
dcc'omj^ition of tho silver s.alt; otherwise, the heat developed is so groat that an 
explosion results* The acid is likewise obtained by tho action of cbroniic acid on 
, ^-^ide of aJlyl. (Hofmann and Cahours.) (See All rx..) 
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TVTien purified, it is a colourless liquirl, of an agreeable, slightly empyrtumatlu 
odour. It is miscible with water in all pwportions, and its boiling-point is inter- 
racdiute between that of formic and acetic acids. 

It is a monobasic acid, its salts having the formula, C*(H*M)0*. They closely 
resemble the formates and acotrites, and are generally very soluble in water. 

AcrylaU of Sodium, 2C«(II®Na)0* + 6II‘'0, is obtained by saturatinp the acid with 
carbonate of sodium and evaporating. It crystallises in transparent prisms. 

Acrylate of liarium, C'*rTI«Ba")0^ is also a soluble salt. 

Acrylate of Silver, CXIl“Ag)0* forms white needles, having a silky lustre, and 
very soluble in water. 

Acrylate of Ethyl is obtained, though not in the pure state, by distilling acrylic 
ad^ or its Bodiuirl or hariiiin-saJ^. with alcohol and sulphuric acid. (Rod I e ii bacher.) 

ACTSSrOUTB. A variety of Hornblende {q, v,) 

ABBjmAirT. See Diamond. — AITTZSTB SPAR. See Cobundum. 

ABAFTBR or ABOPTER. A piece of tube of more or less conical form, used 
to elongate the neck of a retort, aud to connect it with a receiver. 

ABBESXOXir. (See Cohesion.) 

ABHESIVE SXiATE. (See Slate.) 

ABZ APB AUDITS SPAR. (See Gehlenitr and Saussitrite.) 

ABZUOXifi. A compact inipnro felspar, better known as pcirosileoi;. It differs 
from jaspar, wliich it otherwise niiicli reseinblcs, in being fusible before the blowpipe. 

ABZPZC ACXB. CnVH)*= [ov =:- C''^IEO\2HO]. A dibasic 


acid formi ng the fi fth term of th e series C“H®" ~ the lowest form of which is oxalic acid, 
C^IDO^, and the highe.st at present known, sebaeic acid, It is produced by 

the action of nitric acid on oh‘ic acid, suet, sp<‘rinaceti, and other fatty bodies. To pre- 
pare it, tallow or suet is boiled in a capacious retort with nitric acid of ordinary strength, 
which mu.st be fre<[Uently renew'cd, and the distillate poured back till the fatty matter 
diHiippoars aiid crystals separate on cooling. Tlio liquid is then evaporated over the 
water-bath till it solidifies in a crystidline mass on cooling; this mass is washed in a 
funnel, first with strong nitric acid, then with dilute nitric acid, and lastly with cold 
water; and the acid is finally purified by ciystallisation from boiling water (Malaguti). 
Oth('r acids of the same serioa are doubtless formed at the same time ; but according 
to Malaguti, the crystals obtained in tho maimer just desciubed have all the same 
appearance, excepting tho very last. Wirz (Ann. Cii. Pharm. civ. 257) obtains this 
ac'jd, together with several other members of the series, by the coriliniied action of nitric 
aoiil oil the solid fatty acids of cocoa-nut oil. The action is continued for several 
\v<‘(‘ks till the niass solidifies to a ciystalline magma. This product is resolved by 
M ilter into a mixture of several acids of the above series, and a heavy oil ; and the 
acids arc separated one from the other by fractional crystallisation from water and 
ulcohol, and lastly by fractional crystiillisation of the silver-salts. (See A.nchoic Acid. ) 

The acid separates from its aqueoiLs solution in ciystulHne crusts composed of soft, 
white, opaque, luanisplicrical nodules, which appear to be aggregations of smaller ciystals. 
According to Wirz, those crystals dried at 100° contain water of crj-stallisation, their 
formula being + IPO [anal. 46*2, 46-1 and 47-8 p. c. carbon, 6*6 and 0*8 

p. c.^ hydrogen ; calc. 46*4 C and 7*0 H]. At 140° they melt and give off water, 
leaving the anhydrous acid [analysis, 48*2, and 48*3 C; 6*8 and 6-9 H; 

calc. 49. 3 C and 6*8 II] ; wliicli soon afterwards sublimes in long slender needles [the 
sublimed acid gave by analysis 49*6 G and 6*6 H]. 

1 of water at 18° di.ssolve 7*73 of the crystallised acid: a hot solution 

3 alnindantly on cooling, still retained 8*61 pts, of the acid in 

* mi dissolves very readily in hot cdcohol and ether. 

• fdjpatee, C are for the most part soluble in water and crystallisable ; 

insoluble 111 alcoaol. The crystallises in needles (Laurent, Bromeis). 

Ino ^led o\ er sulphuric acirl, forms opaque warty masses not containing 

water (Wirz), The forms microscopic needles con- 
taining 2C II + 3IPO (Laurent). Tho calcium-salt resembles the barium-salt 

in appeai^nee, hut cont.ums I atom of water [C-H»CaO« + H«0] which is given off 
between 100° and 200° (Wirz). The siltH^r^alt, C-IPAg^O* obtained by precipitating 
the ammomum-sult with a considerable quantity of niti^te of silver, is a white 
powder. 

Adij^. of MM, ol)taincd by sntairating the alcoholic eolation of 

Ihc acid with hydrochloric acid gae, ie a yellowish oU of sp. gr. 1-001 at 20-e» which 
LOilSf MTith docompositioD, at 230°, It has a strong odour of apples and a bitter 
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eiiUEtic taste. Chlorine decomposes it^ giTin^ off hydrochloric arid and forming a 
Tiecous mass. (Malagnti.) 

AUrP OC WfcB i (From adtps^ fit; and eers, wax.) A peculiar white suhstancoi pro* 
duced by the decomposition of animal matters under the influence of moisture and in 
situations from which the air is excluded. It was first found by Fourcroy in the OimetUre 
des Innocents at Paris. A number of coffins had been piled one upon another, and 
remained interred for about 20 years. The bodies were found compressed, as it were^ 
at the bottom of the coffins, and converted into a soft white substance resembling 
cheese, which bore the imprints of the linen in which they had been wrapped. This 
matter enclosed tho bones, which were broken on the slightest pressure. It was 
found to consist chiefiy of margarate of ammonium together witli the maigaratei of 
potassimn and calcium. 

ABinbARZA. (See FEnsPAU.) 

ABOXXiFORSKTS. (See Fdslfobsitb.) 

ASCtXRXW or ASOTAXlT, (Tlandwort. d. Chem. i. 169.) A mineral of the 

augite family, occurring in tho iieiglihourhood of Provig in Norwjiy, sometimes in very 
large and well-defined crystals belon|ring to the nmnoclinic system, and having the 
general character and cleavage of augite. Colour grocniah- black to leek-greon. Lustre 
vitrcfMis. Tho edges exhibit various degrees of trauslueenee, down to complete 
opacity. Sp. gr. 3*43 to 3'dO. llardiiess about that of orthoclaso. The mineral con- 
tains a considerable quantity of ii*on, partly in the state of protoxide, partly of sesqui- 
f*xido, besides alumimi, Hmo, magnesia, and soda, sometimes also i>r(>toxide of mau- 
gaiiesp. and potash, associated with siliea, and sometimes with titanic acid. The 
formula is not perfectly established, but it is ]>robably of tho general form, 

3(.M*O..Si(P) + + ./M'Si^J* 

ASRATED WATERS. (See Cauhonic Acid and Wati:u.) 

AESOEXTE. (S-e Mktborite.)— ABROSXTB. (See PYUAuaYRiTB.) 
AESCHYJTXTE. (Ilandwdrt. d. Chem. i. 192.) A mineral occurring at Miask in 
the T/ral, and consisting, according to Hartwall’s anal^’sis, of 56 titanic acid, 20 
'/ijeonia, 15 eerie oxide, 3*8 lime, 2*6 ferric oxide, 0*5 stannic oxide (making together 
97*9), hut according to nennaiin’s more recent aralysis, of 25*90 titanic acid, 33*20 
coiumbie, acid, 22*20 ceric oxi<lc, 5*12 ccrous oxide, 6*45 ferrous oxide, 6*22 oxide of 
hoilhaimm, 1-28 yttria, and 1 *20 water (-= 100*57). By its crystalline form and 
]>rnpcrties, as well as by its clicmical constitution, it iirMjeara to be closely related 
to rolyinignito, Polycrase, Euxenite, &c. 

AESCVEETZXr or ESCVEETIRT. CWO*, or A product of the de- 

eoniposif ion of asciilin, discowred in 1853 by Kochleder and 8ch warts! (Ann. Ch. 
Pliarm. Ixxxvii. 186; Ixxpiii. 35G), and independently by Zwengor (ib. xc. 63)! 

It IS obtained; 1. By boiling ajsculin with hydrochloric or dilute sulphuric n<;id. Tim 
iiquiii on cooling deposits a ciystalline ma^ which, wdjcn wnshed with cold water, 
di-solved in hot alcohol, and treated with acetate of lead, yields a lead-compound of 
jesculetin from which the latter may be 8«q>arated by hydrnsulpliuric acid.'^2. A 
cold saturated solution of acsculin mixed with emulHin (tho fermenting principle of" 
1‘seul ^ warm place, deposits after a while, small crystals of 

/Wuletin forms shining needles or scales which arc bitter, sparingly soluble ia 
1 T ^^ **^*' alcohol, more soluble in the sumo liquids when warm, but nearly in- 
soluble m ether. The aqueous srdution is fluorescent like that of msculin (g. uj, but 
•n a much less degree ; the fluorescence is however considerably exalted by addition 
quantity of curlionate of ammonium. 

W hen graduidly lieated, it gives off 6*64 p.c. water at 100, melts abov#£[||B^d 
icn distils with decomposition. Hydrochloric acid dissolves it without iSiKbn ; 
in nc acid ^averts it into oxalic acid. It is also decomposed by hot concentrated 
su phunc acid. It dissolves in alkalis, forming solutions of a fine gold-yellow colour; 
i s solution in boiling aqueous ammonia deposits on cooling a yellow substance, which 
‘ composes rapidly in contact with the air. A^seuletin imparts a dark green colour 
o tome salts. It reduces nitrate of silver at tho Imiling heat; precipitates red oxide 
o copper from cupric salts dissolved in potash ; and forms with acetate of lead a yellow 
precipitate containing C^^PF'O*. 

ACXB. Obtained as a white precipitate by boiling saponin (• 
Dstmice contained in the horse-chesnut and in many other plants) with dilute hydro- 
^ ionc or sulphuric arid, or by boiling saponin with pota^4ey and decomposing the 
in 0^ potassium with an arid. It is insoluble in water, but solubto 

aioohsri, and is deposited therefrom in granular crystals on cooling. Nitric arid 
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trttnsforms it into n yell<$w rcsinons nitro-compoTind. It is but a weak acid, 
iilknlinc sesculatcs 'are soltible in water, .and crystallige from solution in alcohoL 
The fonnultt of sesculic acid, according to Fremy (Ann. Ch. Phys. [3] lyiiii 101) is 
Bolley (Ann Ch. Pharm, xe. 211), who calls it safogmin^ assigns to it 
• the formula C*^n**0*. According to Bochloder and Schwarz (Ann. Ch. Phamu 
Ixxx viii. 357) it is identical with chinovatic acid 

jGLESCVUxir or ESCTTXJnv. or (Gerh. ir. 291, Hand- 

Wort. d. Chem. i. 196.) A crystalline fluorescent substance obtained from the bark 
of the horse-chostnut (Aescuius Hippocastanurn) and of other trees of the genera 
Aescidns and Varna, It was first obserA'ed by Frischmann, more closely iuTcstigated by 
Tromnisdorlf the younger in 1835 (Ann. Ch. Pharm. xiv. 198), afterwards by Kochleder 
and Schwarz (ibid. Ixxxvii. 186 ; Ixxxviii. 156), and by Zwenger (ibid. xc. 63). 

The aqueous extract of the bark is prccipitiited with acetate of leiid ; the precipitate 
U washed, suspended in water, and do(!omposed by hydrosulpliuric acid ; and the liquid 
is filtered at the boiling heat. Or better: the aqueous extract is mixed with solution 
of alum and excess of ammonia ; the liquid filtered to separate the fawn-coloured pre- 
cipitate of alumina nruxed with the colouring matter of the bark ; the ydlowish filtrate 
neutralised with acetic acid and evaporated to dryness ; the residue containing the 
sulphates and acetates of potassium and ammonium, boiled with a little strong alcohol 
to extract the aesoulin ; the alcoholic filtrate evaporated till it crystallises ; and tha 
ttscuUn tlius obtained, is purified by pressure between bibulous paper, and reciVstaUisa- 
tion. (llochledor, J. pr. Chein. Ixxi. 414; Chem. Gaz. 1858, 96.) 

Aescuhn forms colourless. ncodlc-.shaped crystals. It is inodorous, has a bitter 
taste, IS sparingly soluble in cold water and alcohol, more soluble in tho samo liquids 
at the boiling heat, and nearly insoluble in ether. 

Aescuhn IS coloured red by chlorine; it forms a yellow precipitate with subaoetafe 
of lead, and reduces tJio protoxide o( copper to suboxide, like glucose. It melts at 160^ 
decomposes at a somewliat higher temperature, yielding various products among 
which 18 a small quantity of X'sculctine. Boded with hydrochloric or dilute sulphuric 
acid, it is resolved into jcseulotin and glucose : * 

(j2il|2ioia ^ 3IPO == + 2C'*H**0« 

highly fluoroscent (see Light), the reflected light 
being of a sky-b luo colour. Nearly tho samo fluorescent tint is exhibited by an in- 
felon of horao-chcBtnut bark. The colour is however slightly modified by the presence 
^ another fluo^ccntsiibatance. pawVn, recently discovereif by Prof. sfokes^(Chem. 

T. ”i ^1 fTOm sesculin by its greater solubflity in 

exist tom\hM’inTb“l’"'v*® “ hluc-grecn fluorescence. Aesoulin and pu-riin appeal to 
exist together in the barks of all species of tho genera and Pawn, msculin 

bung however more abundant in the former and paviin in the latter (see Pavun) 

1 h^fluoresconco of both aescuhn and pavim is augmented by alkahs, but destroyed by 

AETBAXi. (See Cetyl.) 

AETKZB, ABTBTE, &C. (See Etheb, Ethyl, &c.) 

pharmaceutical term applied to Tarious mineral preparations 

black oxide of irnn • J sulphide of antimony, and sulphur; Aethiops vnartialla 
«.?h^ m™ wi^^^^ su&TJT^'*’ «.“’Phide of mWy obtaiTed by tritu- 
cuiy Coined Vorecinibi^ (or hgpnoticus,) sidphide of mer- 

im^o morcury^ti tho^afr. ' per sc, the grey powder obtained by exposing 

i.““®****”' colouring matter of the flowers ot Antirrhinmt 

AnnnnTT. (See Chemicax Affinity.) 
lAlPTOMrXTB* (See Aphtonitb.) 

This name was origiimllF^i^enTo snft ^t9os, stone] ; BUdatein. 

minerals used by tho Chinese for rather a number of such 

vanrin colour from greyish-grccn to These minerals 

and unctuous to the touch and^cap-ible^of bcint ^ 

The Chinese agalmatolites 

1. Hyarated silicates of aluminium and potassium • 

a »SiO’.3.Al»0».lKK).31PO _ 6Si0>.3Af*0* 1 KO ^TM 

b. 3Si0-.lAP0».M'-0. 111=0 = 6SiO’.3APO>‘.3Md*,3BO 


• M. denote. poLadom. .odium caleium, magnesium. &c. 


Si ^38; Sf b21. 
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3. Hydrated wlicatos of alaminiura. 

tf. 9SiO* 2Al*0».8H»a « ' 

d. 16SiO» 4Al*0*.4H*0 - mC^.2APO^,2HO 

3 . Hydrated Bilicates of ma^osium: 

IfiSiO* 12Mg"0.4H«0 -» mO^.ZMgO.^HO 

There are also several European minerals which in composition and pliysical cha- 
racter closely resemble the Chinese agalmatolites. 

4. Agalmatolite from Siagyag in Hungary has the same composition as the Chinese 
mineral, 1, a. 

6, Aj^lmatolite, from Ochsenkopf in the Saxon Harz, and Onkosin from Posseggea 
in Salzburg, have a composition expressed by the formula : 

9SiO* 3AP0* 2M*0.3H*0 « ZSiG^,ZAPO^,2MO,ZHO. 

6. Mother of Biaefore^ a mineral in which the diaspore of Schemnitz in Hnngaiy' it 
intergrown, has the composition % a above. 

7. Parophite itorxi Canada has a composition corresponding to the formula: 

9SiO* 3Ai*0».3M*0,4JH*0 « 6Si(P.BAP(P,MOAyiO - 

8. B^syntribite, from Diana and other localities in St. Lawrence county, New York, 
appears also to have a constitution resembling that of the agalmatolites. 

9. Kaolin, which is a hydrated silicate of aluminium, cont.aining 

(2SiO*.APO*.2EPO) = 4SiO\3AP(P.eiiO, 
exactly resembles the agalmatolites in physical character. 

10. Ncolite, from Eisenach and other localities, containing 

OSiO* Al^O*. 3M*0.H*0 -6^* 0\ lAl^ 0». BMO, 1 HO, 
also forms masses resembling agalmatolite. 

All these minerals have a speciiic gravity ranging from 2*75 to 2*85 ; rarely as high 
as 2*90, In hardness, they are intermediate between gypsum and calcspar. They are 
more or less translucent, unctuous to the touch, do not adhere to the tongue, and 
are easily carved and wrought. 

The true agalmatolites are 1, a; 4, d, 6, and 7 : the rest may be regarded os allied 
species. (Handw. d. Ohom. i. 375.) 

AOiiPRZTB. (See Tuuquoisb.) 

AOAB-ACI'Aft, or Bengal Isinglass: a dried soa-weed from Singapore consisting 
of small transparent colourless strips, is almost completely soluble in water, and forms'^ 
a largo quantity of thick, tasteless, and odourless jelly. 

AOABZCZW. (See AKAiomr.) 

AOABZenrSa A genus of the order Fungu Many fungi, especially of the genus 
Agaricus are commonly used as food, and it is remarkable that the amount of nitrogen 
contHiued in their dried substance exceeds that in peas and beans, which are generally 
regarded as the most nutritious of nil articles of food. 

The following table exhibits the percentage of nitrogen and of ash in various species 
of fungi, as determined by Schloesberger andDoppi ng (Ann. Ch, Phann. lil. lOd to 
120). The plants were dried at 100^ C. The quantity of water averaged a1^ut 90 
percent 
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* 4*68 . 

. 6*9 

„ nmnria . 
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. 7*26 . 

. 19*82 

i, gluiinoiua 



. 4*61 . 

. 4*8 

M russula . 



. 4*25 . 

. 9*d 

„ eanthardlus , 



. 3*22 . 

. 11*2 

„ musearius 



. 6*34 . 

. 9*0 

Boletus aurens 

# 


• 4*7 . 

. 6*80 

Lyrtoperdon echinatum . 



. 616 . 

. 5*2 

Polgporus fornentariiis « 
Desdatea quereina , 



. 4*46 . 

. 3*19 . 

. 3*6 

. 31 


The ash contains a laigo proportion of phosphates. The solid tissue of fungi, fop* 
merly regarded as a peculiar su^tanco, f ungin, is nothing but cellulose: it may be ex- 
tract^ by treating the fungi snccessivelv with water, weak sochi-lcy, by<lroebIoric add, 
and alcohoL Agarics were found by Scblossbciger and Popping to contain mannite and 
fermentable sugar, but no starch. The acid eontainecl in agarics and other fhngi wan 
formerly snppom to be of peculiar nature, and called htSetic cm fungic but it 

has been shown hy and Dessaignes thatmany ap.rics contain fatnaric uci^ somn* 

limes associated with mwe, citric, and phosphoric acid. 



AGATE— AGBOSTEMMTNt!. 


jlh^amxcub ncmrSBiliUSt the mountain milky op mountain mealy of the Gop- 
mans, is one of tlie purest of the native carbonates of lime, found chiefly in the clefts of 
TockBy and at the bottom of some lakes, in a loose or semi-indurated form. 

The name oi mineral agariCy or fossil meoly was also applied by Pabwni to a stone of 
ft loose consistence found in Tuscany in considerable abundance, of trhich bricks maybe 
made, either with or -without the addition of a twentieth part of clay, so light as to float 
in water, and which he supposes the ancients used for making their floating bricks, 
This, however, is very different fi*om tho precetliiig, not being even of the calcareous 
genus, since it appears, on anidysis, to be a hydrated silicate of magnesium mixed with 
lime, alumina, and a small quantity of iron. Kirwan calls it argillo-murite. 


AOATEi a mineral, whose basis is calccdony, blended with variable proportions 
of jasper, amethyst, quartz, opal, lu'liotro2)e, and carnelian. Eihbon agate consists of 
alternate and parallel layers of calccdony with jasper, or quartz, or ameth^’-st. The 
most beautiful comes from Siberia and Saxony. It occurs in poT]3hyry and gneiss. — 
Brecdated agate ; a b.*ise of amethyst, containing fmgments of ribbon agate, constitutes 
this beautiful varit'ty ; it is of Saxon origin . — Fortijloation agatCy is found in nodules 
of various imitative shapes, imbedded in amygdaloid. Tliis occurs at Oberstein on 
the Rhine, and in Scotland. On cutting it across and polishing it, the interior zig-zag 
parallel lines bear a considerable roson»blaiiee to the plan of a modern fortification. In 
tlie very centre, quarts and amethyst arc seen in a splintery mass, surrounded by the 
jasper and cal<;edony. — Mocha stone. Translucent cah?edony, containing dark outlines 
of arborisation, like vegetable filaments, is called Mocha stone, from the place, in Arabia, 
where it is cliiefly found. Tliese curious appearances were ascribed to deposits of iron 
or manganese, but more lately they liavo been thought to arise from mineralised plants 
of tho cryptogamous class . — Moss agatCy is a calccdony \vith variously coloured ramifi- 
cations of a vegetable form, occasionally traversed with irregular veins of red jasper. 
Dr. M'Culloch lias detected, what Daubenton merely conjectured, in moclia and moss 
agates, aquatic confervse, tinalteivd both in colour and form, and also coated with iron 
oxide. Moisiies and lichens have also been observeil, along with chlorite, in vegetations. 
An onyx agate set in a ring, belonging to the Earl of Powis, contains the chrysalis of 
a moth. 

Agate is found in most countries, chiefly in trap rocks and SGr|”ientme. Hollow 
nodules of agate, called geodeSy present interiorly crystals of qiiarte, colourless or 
amethyatiiio, having oeeiisionally scattered crystjils of stilbite, cliabasite, and capillary 
inesoty|ie. Those geodes are very common. Eitiimen has been found by M. Patrin 
in the inside of some of them, among tlie hills of Dauria, on tho right bank of the 
Chilca. The small geodes of volcanic districts occasionally contain water in their 
cavities. Those arc chiefly found in insulated blocks of a lava having an earthy 
fraetiire. When they arc cracked, the liquid escapes by evajioration ; it is easily re- 
stored by plunging them for a little in hot ■wii-ter. Agates are artificially coloured by 
immersion in metallic solutions. Agates wore more in demand formerly than at present. 
They were cut into cups and plates for boxes ; and also into cutlass and sabre handles. 
They are still cut and polished on a considerable scale and at a moderate price, at 
Oberstein. The surface to bo polished is first coarsely gi’ound by large millstones of 
a hard redi^h s.audstone, moved by water. The polish is afterwards given on a wheel 
of soft wood, moistened and imbued -with n fine powder of a hard red tripoli found in 
the neighbourhood. M. Paujas thinks that this tripoli is produced by the decomposi- 
tion of the porphyrated rock which serves as a gangue to the agates. The ancionta 
employed agates for making^ ciimeos (sec Calcedony). Agate mortars are valued by 
*''^*''lytlcal chemists, for reducing hard minerals to an impalpable powder. 

The oriental agate is almost transparent, and of a vitreous appearance. The oceiden- 
1»1 is of various colours, and often veined with quartz or jasper. It is mostly found 
in small pieces covered with a crust, and often running in veins through rocks like 
flint and petrosilex, from which It does not seem to differ greatly. Agates are most 
prized when^the internal figure nearly rcsemldes some animal or plant. — U. 

AOSnoiXto A name applied by Caventou to a crysttillisable substance obtained 
ixom Jiquonce-root ; identical with usparagin, (Henry and Plisson.) 

ACiarasZTB. Syn. with Bismutitb, 


, A crystalline basic substance obtained from the seeds oi 

The seeds are exhausted with weak alcohol 
acidulated with acid ; theiu'id is concentrated by evaporation and mixed with maguesin 

and the dried pracipitnttMs treated with alcohol. 

Agnwtemmin erjstalJises in pale yellow scales which are hut slighUy soluble ii 
mter, but v»y soluble m alcohol, to which they impart an alkaline reaction. It ii 
decomposed by boUmg potash, with evolution of ammonia. 



AIR— ALANINEL ^ 

The Bolphate, chldro-aorate and chlotoplatinate of agrostemmine are ci78talli»abli»| 
the phosp^te forms a bulky precipitate. (Scbulae^ Ann. Oh. Pharmi. Ixriii 350.) ' 
Syn* with Acicuijts. 

ikXA. The term "air” (I«atin, acr) is now exclusiYely employed to denote the com- 
ponent ^ases of the earth’s atmosphere. Amongst the older writers on science^ wa find 
the word "air” made use of to designate the gaseous or aeriform condition of a body; 
thus carlxmio acid gas was called " fixed air,” hydrochloric acid gas " marine acid air,” 
hydrogen gas " inflammable air,” &c. (See Atmosphehu.) 

AJYIOA KUFTAirS {Creepinff BugU), (Handw. d. Cliom, i. 386.) This plant, 
grown on the even ground of the Lechthal, yielded, wdien gathered in the beginning of 
June, 84*3 p.c, water, and 10*4 p.e. ash (a) ; that which grew on the chain of hills ad- 
joining the valley, yielded at the end of June, 81*6 p.c. water and 9*6 p.e. ash (6). 
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AXiLM-TlCOir. (See Eptnom) 

AKCETHZBr. (.S(?e Acetonk.) 

AXMZTB. (See Acumite.) 

AKOiarTITB. A variety of arsenical jiyrites. 

AZiAJIABrAZlTa (See Manoani?se-Gi,ancr.) 

AltABASXBR. Granidar gi/psum.^ AlhHre gyjmMx, The technical name for 
gntniuar gypsum or sulphate of calcium. Alabaster is a?nong the Bcvenil varieties of 
g)|)Sum what marble is among carbonates of calcium, and like marble is used for sculp- 
ture, o-spccially for objects of small dimensions. The hard, finc-grainiMl, snow-white, 
translueeiit alabaster from Volterranear Florence, is especially valued for these purposes. 

AXiAXiZTS. (See Diopside.) 

,^*^**2^*^®* OTI^O* (A* Strecker, Ann. Ch, Pharra. Ixxv. 29; Gm, ix. 

■ 4 ; Cierh.i. 873.) An organic base obtained by heating aldehyde-ammonia with 
liytlrwyanic amd in presence of excess of hydrochloric acid. 

C^'IPO.NH* + CNH + HCl + H*0 = + NH^Cl. 

To prepare an aqueous solution of 2 pts. aldehyde-ammonia is mixed v/ith aqu^us 
ij (Irocyanic wid conteining 1 pt. of the anhydrous acul, hydrochloric acid is added 
in the muturo is boiled and afterwards evaporated to dryness over the 

water-bath. The residue consisting of hydrochlorato of alanine and a large quantity 
“ digested in a little cold water, which leaves the greater part of 
solution of hydrochlprato of alanine is boiled with 
limiM add^ in small portions as long as ammonia continues to escape; the 

“filtered; and the dissolved lead is precipitated from the solution by sulphn- 
An filtered liquid yields crystals of alanine by evaporation, and 

j quantity may be obtained from the mother-liquor by addition of alcohol, 
ill • better method is to treat tlie mixture of hydrochlorate of alanine and 

alcohol and ether, in which the former only is readily soluble, con- 
hydrate of evaporation, and remove the hydrochloric acid by boiling with 

Alanine crystallises on cooling from a hot saturated solution in colour^ 

A nA« the form of oblique rhombic prisms united in tufts. They bavsf 

^ erate between the teeth. At 200^,’ it sublijnes and f(^ 

^ snowy crystals ; when rapidly heateA it melts and suffers partial 
hor ■«?**'•**• dissolve in 4*6 pte. of water at 17° and in a smaller quantity of 
sparingly aomble in cold alcohol, and quite insoluble in ether, 
solution has a sweet taste, does not affect vegetable coloars, and foniis no 
Pf^pi^es With any of ordiniuy reagents, 

it urethane, lactamide, and sarcosine ; from the two lbrms» 

and 1 ^ melting below 100-' ; from the last by being soluble in wntsiV 

ana by ,t 9 behaviour with metallic oxides. 



ALANINE— ALBUM GRJECUM. 


Decompositions. — Alanine ie not altered by boiling with dilute aia^, w with rfkdie. 
It diMolve. in strong sulphuric acid, and the solution does not blacken on boding. 
EWed with hydrate of patassium, it gives off hydrogm and ammonia, ^d yields 
C^de and awtato of pJtassiura. When its aqueous solution is boiled with peroxide 
of lead, rcsolyed into aldcliyde, carbonic anhydride, and ammonia: 

^ 0*H^N0* + 0 = C®II^O + CO® + NH®. 

The aqueous solution is also decomposed by nitrous acid, with erolution of nitropen 
a.nd formation of lactic acid : 

C4PNO® + NO®H = C®H«0® + 2N + H®0, 


Alanine. 


Nitrons 

acid. 


Lactic 

acid. 


Compounds of Alanine.— Meltiitiq acts both as a base and as an acid. -It unites 
directly with acids, and when boiled with metallic oxides forms compounds consisting 
of alanine with 1 atom of hydrogen replaced by a metal. With ht/drochlorio acid, it 
forma two compounds, viz. 2C®H’N0®.1IC1, obtained by treating alanine with dry hydro- 
chloric acid gas, and C=*H'NO®.HCl, produced by evaporating a solution of alanine 
in excess of hydrochloric acid. Both these compounds dissolve readily in water, 
sparingly in alcohol; the latter is very deliquescent, but may with some difficulty be 
obtained in cry.stal.s. On mixing a solution of alanine in hydrochloric acid with excess 
of hicMoridc of platinum, and evaporating, the chloroplatinate, 2C‘*H^N02.IICl.PtCl®, 
crystallises in slender yellow needles, soluble in water and alcohol, and even in a 
mixture of alcohol and ether. Nitrate of alanine, C»H’NO* HNO* is obtained by 
evaporating a solution of alanine in dilute nitric acid, in long colourless needles, which 
deliquesce in damp air, and dissolve very readily in water, less in alcohol; at 100^, 
they turn yellow and decompose. Sulphate of alanine is veryr soluble in water, and 
remains as a syrupy mass when its solution is evaporated ; it may be washed with 
cold alcohol. It i.s not precipitated from its aqueous solution by alcohol, but a mixture 
of ether and alcohol separatos it in’ the form of a thick syrup. 

The copper-compound of alanine, C“ll'®Cu"N®0‘ + IPO, crystallises from a solution 
of alanine which has been boiled with cupric oxide, in dark blue needles and thicker 
rhombic prisms. It forms a dark blue solution in water, but is nearly insoluble in 
alcohol. The crystals remain unaltered at 100°, but at 120° they give off water, 
and arc rediicod to C''II’®Cu"N®Oh assuming at first a lighter blue colour, and afterwards 
crumbling to a bluish-white powder. The silvcr-compound, C*H*AgNO®, is obtained 
iq a similar manner, and separatos as tho liquid cools, in small yellow needles united 
in hemispherical groups. They a.ssumo a darker colour when exposed to light, and 
also when hoatwl to 100° in the moist state ; but when dry they sustain that tempe- 
rature without alteration. A solution of nitrat-o of silver mixed with alanine, yields 
by spontaneous evaporation colourless rhombic tables, which are decomposed by heat, 
with slight detonation, and leave a residue of spongy silver, A lead-compound, 
C*H*®Pb"N®0\Pb"H®0*, is obtained in colourless glassy needles, by boiling protoxide 
of lead in aqueous alanine, and evaporating and cooling tho solution. It is also pre- 
cipitated in radiating crystals, on mixing the aqueous solution with alcohol. The 
crystals dried over sulphuric acid give off water and crumble to a powder which is" 
no longer completely soluble in water. 


A&AJrTxnr. (See Inulxn.) 

AlbBAiar. A white, crystalline, resinous substance extracted from gutta percha by 
^cohol or ether. It is best obtained by treating gutta percha with ether, and digest- 
ing^ the resulting extract with alcohol, which dissolves a yellow resin, and leaves a 
white substance to which Payen gives the name of alban. After recrystallisation from 
absolute alcohol, it forms a white pulverulent mass, which begins to melt at 100®, is 
perfectly fluid and transparent between 175° and 180°, and contracts strongly in cool- 
ing. It dissolves with facility in oil of turpentine, benzol, sulphide of carbon, ether, 
hot alcohol, and chlon’jform, and separates from the solutions in the crystalline form. 
The crystals are wetted by watery liquids. They exhibit with, sulphuric add the same 
reactions as native gutta percha. (Pay on, Coinpt. rend. xxxv. 109.) 

^ AJUBXril. A name given by Volckol to a white substance which, according to 
nts^ observations, remains undissolved when melam is boiled with water. Volckel 
assigns to this substance the composition C** (Ann. Ch. Phys. [2] bdi. 90). 

AX8tW* (See Apopuvixite.) 

AlAXTS. Soda-felspar. (See Pelspau.) 

AXiBTTME BltSCUM* An obsolete name for the excrements of the dog, formerly 
used as a remedy in medical practice. The substance contains about 79 per cent of 



ALBUMIK. 


A&immrB (Gerh. IT. 433; LeUmnnn, Pfaystiolcgical Chemistiy i. 380; atar 
Koochemie in Gmelin^sHandbuch, Bd. viiL Pelouze et Fr4mjt TntitA de ChixIR 
gen^rale, vi. 67.) Albumin is the chief and characteristic constituent of of c^' 

and of the serum of blood, and occurs in all those animal substonoas aup^ 

the body or indiyidual parts of it with the materials required jGw '^'*y *t j|F[^and. 
renovation. It forms about 7 p. c. of blood and 12 p. c. of white of y. 
constituent of chyle, lymph and of all serous fluids. It occurs aSo!in of 

flesh, in the brain, the pancreas, the amniotic liquid, and generally in a gv^ato or 
smaller quantity in oil the liquids (transudates) effused from the blbod-vessels into 
the cellular tissues of the organs, into the ca'i'itics of the body, or on to the surface. 
It is found in the solid excrements of man and of other animals, the quantity in* 
creasing in disorders of the mucous membrane of the intestinal canal. It is not 
found in normal urine, but is present in that liquid in many states of disease, espe* 
cially in affections of the reepiratoiy ozgans, which interlere with the process of 
oxidation. 

Albumin exists in two very distinct modifications, viz. the soluUe form, in which 
it always occurs in the animal body, and the hisoluble form, into which it may be 
brought by the action of heat, os when white of egg or blood-scrum is boiled. These 
two modifications of albumin are identical in chemical composition, the difference 
between them being due, partly, perhaps, to peculiarity of molecular aggre^tion, but 
chiefly to the presence of certain mineral salts which are always assce^ted with the 
soluble variety. In fact, albumin does not occur in the animal body'in the free 
state, but- in the form of an alkaline albuminate ; white of egg, serum, and all liquids 
which contain albumin, leav^ when incinerated, an ash chiefly consisting of alkaUne 
carljonate. Insoluble ^bumin docs not appear to exist in the living animal organism, 
unless indeed, fibrin may be regarded as coagulated albumin, which is by no meiuis 
improbable, inasmuch as there is no exact method of distingiiishing between the two. < 

Preparation, — Albumin may bo prepared either from white of egg, or from blood* 
serum. Wliite of egg consists of transparent thin-walled cellules, endosing an alkaline 
solution of albuminate of sodium. On beating it up with water, the cellular sub* 
stance separates in pellicles, while the albuminate of sodium remains in solution, 
together with chloride of sodium and phosphate of calcium. To remove these mineral 
substances, the liquid, after being filtered from the cellular substance, is mixed with 
a small quantity of subacctate of lead, which produces an abundant precipitate (an 
excess of the lead-salt would rcdissolve it). The mass, after being washed, is stirred 
up -with water to the consistence of a paste, and carbonic acid gas is passed through 
the liquid. The albuminate of lead is thereby decomposed, carbonate of lead remaini 
suspended in the liquid, and the albumin in the free state remains dissolved. The 
solution is filtered through paper [ireviously washed with dilate acid, and, as it still 
retains traces of lead, it is treated with a few drops of aqueous bydrosulphuric acid, and 
cautiously heated to 60®, till it begins to show turbidity ; the first flocks of albumin 
thus precipitated carry down the wliolo of the sulphide of lead. Wlien the liquid 
which after filtration is perfectly colourless, is eva(x>mted in large capsules at 40®, 
a residue is obtained consisting of pure soluble albumin (Wurtz, Ann. Ch, Phys. 
[3] xii. 27). The same method applied to the albumin of blood-serum docs not yield 
a pure product. 

To obtain pure albumin in the coagulated state, white of egg, diluted with an equal 
bidk of water, filtered, and reduced to its original volume by evaporatiou at 40®, is 
mixed with a strong solution of potash, whereby it is soon converted into a translu* 
cent, yellowish elastic mass. This is divided into small portions and exhausted with 
cold water as long as the water removes any alkali, the whole being kept as much 
as possible from contact with the air. It is then dissolved in water or boiling alcohol^ 
and the solution is precipitated by acetic or phosphoric acid. The palpitate, after 
washing, leaves no appreciable residue when incinerated. (Lieberkiih n.) 

Properties. — Soluble albumin, dried in the air, forms a imle yellowish, translucent 
mass, ^ily triturated and reduced to a white powder. The specific gravity of the 
albumin of the hen’s egg, from which the salts had not been removed, was found by 
C. Schmidt (Ann. Oh. Pharm. xi. 166-167), to be 1*3144, and after calculating 
for the elimination of the salts, the density of pure albumin was found to be 1*2617^ 
It becomes electric by friction, and is tastele^ inodorous and neutral to T<^etabli 
colours It swells in water, assnmiiiig a gelatinous appearance ; it does not dissolro 
freely in^ pura water, but very readl^ in water rantaming any alkaline salt. After 
lieing dri^ in vacuo, or at a temperature below 60®, it may be heated to. 100® with- 
out passing into the insoluble mowfication. Soluble albumin dried at 60P loses 4 p. e. 
water at 140®, remaining, however, soluble in water. 

The aqueous solution pf albumin deviates the plane polarisation of a ray of light 
the left. It beoonMS opaline at 60®, begins to deposit the albumen at 61® to 63^» 
Voi.. L P 
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lud at a temperature a little higher the whole coagulate in a mass. When jkrj 
wnte, it becomes turbid without coagulating; but if the liquid be then concentrated 
by evaporation, it deposits the albumin in pellicles or flocks, 

Coagnlftt^i albumin is white, opaque, elastic, and reddens litmus (Hruachauer, 
Ann, Ch. Pharm. jdvi. 348). Wben dried, it assumes a yellow colour, and becomes 
brittle and translucent like horn. When immersed in water, after drying, it 
dually absorbs about fire times its weight of the liquid, and resumes its primitive 
consistence. 

When coagulated albumin is boiled in water for about 60 hours, it gradually dis- 
appears, being transformed into a substance soluble in water, and consisting, ac- 
cords to Mulder and’Saumhauer (J. pr. Chem. xx. 346 ; xxxi. 296), of trioxide 
of ^tcin, (C =» 60*98 p.c.; H = 6*69; O and S = 6*01; N =. 27*32). 

Coagulated albumin, heated to 150® with a small quantity of water in a sealed tube, 
gradually forms a limpid solution, which has no longer the property of coagulating by 
heat. (L. Grinelin.) 

Albumin is insoluble in alcohol and in ether^ Strong alcohol added in largo excess, 
precqDitatcs albumin from its aqueous solution in the same state as when it is 
coagulated by heat; but the precipitate produced by a small quantity of weak 
alcohol rcdissolves completely in water. When alcohol is added to a somewhat dihite 
solution of albumin, so as to render it slightly opaline, the liquid after a while, 
solidifies in a jelly, which, liowever, is a^in liquefied by heat. Coagulated serum, 
or white of egg, may bo made to dissolve in alcohol by the addition of a little alkali. 
(Scherer.) 

Ether shaken up with a solution of albumin coagulates but a small portion of it ; 
if, however, tlie albuminous solution is concentrated, it thickens so much as to appear 
coagulated. Albumin is not acted upon by oils either fixed or volatile. 

Nearly all acids precipitate albumin from its solutions. Nitric acid precipitates 
it with peculiar flicility, and may therefore be used as a test of the presence of 
soluble albumin. Strong hydrochloric amd aided by heat dissolves coagulated albu- 
min, forming 'a blue or violet solution, which turns brown when boiled in an open 
vessel, and according to Bopp (Ann. Ch. Pharm. Ixix. 30) yields chloride of am- 
monium, leucine, tyrosine, and other products of unknown composition. With aqua 
regia^ albumin yields both chlorinated and nitro-compounds. 

Strong sulphuric acid coagulates albumin by the heat which is evolved when the 
two liquids come in contact. Dilute sulphuric acid precipitates albumin after some 
time only, not however combining with it, as the acid may bo completely removed 
from the precipitate by washing. 

2Hbasio 2 ^hosphoric acid^ acetic^ tartaric, and most other organic acids do not form 
precipitates in moderately concentrated solutions, of albumin ; but when either of these 
acids is added in excess to a highly concentrated solution of serum or white of egg, the 
liquid solidifies in the cold to a jelly which liquefies like gelatin when heated, and 
again forms a gelatinous mass on cooling. The aqueous solution of this jelly remains 
perfectly transparent when boiled, but it is precipitated by a neutral salt of either of 
the alkali-inct;ils. (Lioberkuhn.) 

When a small quantity of acetic acid is added to white of egg or serum, so as just 
to saturate the alkali, and the liquid is then largely diluted with water, flocks of 
albumin ore deposited after awhile; If the supernatant liquid be then decanted, 
and the procipitjite treated with a smalL quantity of solution of nitre or common 
salt, it immediately dissolves, and the solution is coagulated by boiling. (Scherer.) 

Serum or white of egg mixed with a certain quantity of common salt or other 
salt of an alkali-metal, forms a liquid precipitablo by phosphoric, acetic^ tartaric^ 
oxalic, lactic acid, &c.^ Conversely, a solution of albumin (or other albuminoi'dal sub- 
stance) in acetic acid is precipitated by the salts of the alkali-metals. The precipi- 
tation is greatly facilitated by heat, and likewise takes place with greater facility 
as^ the proportion of s^t added is greater. The precipitate dissolves m pure water, 
with greater^ facility in proportion as less heat has neen applied in producing it? 
the solution is not coagulated by heat. It is soluble also in acetic acid, phosphoric 
acid, and even in ^cohol, provided it has not been altered by desiccation, or by 
contact with the air. The aqueous solution is precipitated by certain salts, ferro- 
cyanide of Mtassium, for example. 

Dried scunble albumin suspended in acetic, tartaric, or citric acid, swells iip and is 
eonverted into cougulat^ albtimin, which may be completely freed fit>m acid by 
washing. ' Acetic, tartaric, and tribasic phosphoric acid dissolve coagulated albumin 
^hen heated with it, Arsenioi^ acid does not combine with albumin. Chlorine *"d 
bromine precipitate albumin. 

d^not in funeral precipitate albumin from its solutions; but a strong 
solution of^ush added m considerable quantity to a solution of albumin, fomw S 
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gelatinous mam of allmmlnate of potamium. Biluto solutions of potash and aodn 
mix with albumin in all proportions, and on boiling the liquid, an alkaline sulphide is 
formed. Wlien albumin is heated with hydrate of potassium melted in its water of 
ciystallisation, the water being renewed as it eraporates, ammonia and hydrogen 
aro evolved, leucine and tyrosine are produced, together \dth oxalate, butyrate 
valemtc, dec, of potassium. Alkaline carbonates added to a solution of albumin prei^ht 
its coagulation by heat. Coagulated albumin digested at a gentle heat with neutral 
carbonate or acid carbonate of sodium, displaces the carbonic acid, ajid formi with the 
alkali a compound, which, after washing, is perfectly ucutral to test paper, hut leaves 
when incinerated a considerable quantity of alkaline curl^p^te. 

Albumin subjected to dry distillation yields watei^carbonate of amraoniuiii, 
hydrosulpliate of ammonium, volatile alkalis of undetermined composition, empvrcu- 
matic oils, &e- Goagiilatcd albumin putrifies when left in contact with water, yielding 
valeric and butyric acids, a ci^stalJine body having a jycnetrating odour, an oily 
a<iid, and a substance which dissolves in hydrochloric acid, producing a liquid of 
beautiful violet colour and yielding tyrosine, together with other products (Bopp, Ann. 
Oh. Phann. Ixix. 30). The oxygen of the air has no action on scrum or white of egg, 
Kt'ccntly extracted serum left for a fortnight in contact with oxygen in a tube 
standing over mercury absorbs but a veiy small quantity of the gas, and does not 
form carljonic acid. 

Albumin distilled with a mixture of peroxide of manganese and sulphuric acid 
yields acetic, propionic, butyric, and benzoic aldehydes, together with formic, acetic, 
l»utyric, valeric, and benzoic acids, and probably also propionic and caproic acids. 
Nearly the same products are obtained by distilling albumin with sulphuric acid and 
add chromate of potassium^ this mixture yielding in fact, hydrocyanic acid, a heavy oil 
liaving the odour of cinnamon, cyanide of tetryl (valeronitrile), also benzoic, acetio 
and butyric acids, with small quantities of formic, caproic and propionic acids, and of 
benzoic and propionic aldehydes (Guckelberger, Ann. Oh. Pharm. Ixiv. 39). Al- 
bumin does not decompose oxygenated water, ^ 

Composition of Albumin, — Albumin obtained from various animal fluids exhibits 
the same composition, as shown by the following analyses : — 


From White cf Egg. 


Carbon 

Hydrogen 

Nitrogen 

Oxygen 

Sulphur 


Mttidcr. 
63*4 . 

70 . 
15-7 • 


Sch^rf^r. 
64*3 . 
71 < 
15*9 


and Cnhoura. 

. 63*4 , 
. 7*1 . 

. 16*8 . 


Ruling. 
. 63*4 
70 


1*7 to 1*8 


Wurt*. 

62*9 

72 

16*6 


Iii«berk(ihn. 
. 63*3 
. 7*1 

. 16*7 
22*1 
• 1*8 


Waltz’s analysis was made with soluble, the rest with coagulated albumin. Mulder 
supposes that albumin contains also 0*4 per cent, jihosphorus. Most of the preparations 
with which the above analyses were made, contained small quantities of phosphorna 
in the form of phosphate of calcium. 


Carbon 
Hydrogen 
Nitrogen 
Oxy 
Suh 


Carbon 
Hydrogen 
Nitrogen 
Oxygen 
Sulphur 


Prom n/ood-»erum. 

'Diiiikii and Cahoiiri. 

Mulder. 

Ruling. 

Scherer. 

. 63*3 , . 63-6 

• • 63*4 • • 

63*1 . 

a 54*6 

. 7*1 • . 7*3 

. . 7-1 . , 

7*0 • 

. 70 

. 16*7 . . 16*8 

. . 16*6 . . 

• a a 

a 15*7 


• ■ 1 *3 • • 

1-3 ! 

a 

8 that blood-albumin contains also 0*3 per cent, phosphorus. Htiling 
of sulphur in eight analyses to vary from 1*29 to 1*39 per cent. 

Scherer. 

Weidenbusch. 

Bautnfiauer. 

^ a b 

\ 

e 


a 

. 54-2 . . 64'1 

. . 64*0 . . 

03-3 . 

. 64-3 

1 . 7-1 . . 7-2 

• a 7*0 a a 

7*0 a 

a 7*1 

. 16*6 . . 16*8 

a a 16*8 a . 

16*7 . 

a 16-8 


« from a hydrocele ; b from a congestion-abscess ; a from pus ; d from flesh (*f 
pojfltiy ; « ftom the flesh of fish. 

Malaeti; 
numbm 
jr 2 


; e irom me uesn or nsu. 

and other analyses, Liebig deduces the formula C* *n*"N**fi|?0*: 
C^’*WSO»: IdeberirtUui, C«H"*N“SO« Each of these frnniilm 0^ i 
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agreeing nearfy with the analytical results. Mulder regat^ albumin as a eompeaui 

M (hypothetical) protein with (hypothetical) sulphamido, viz. : 

Protein. Sulpharnide. 

Liebig*B formula is intondefl merely to express in a simple form certain relations 
between albumin and other animal substances. Lieherkiihij, on the other hand, 
regards his formula as actually expressing the composition of the molecule of albiunin 
as it exists in the metallic albuminates (y. v.) 

According to Le bon te and Q-oumoens (J. Pharm. [3] xxiv. 17) albumin is not 
a pure proximate element, but a mixture of two bodies, one of which is insoluble in 
glacial acetic acid, while the other dissolves in that acid and is precipitated therefrom 
by potash. 

The properties of albumin vary in some degree with the source from which it is 
derived. Tfio diilerences may in some cases be attributed to the presence of different 
mineral substances ; but in others they are of such a nature as rather to point to 
the existence of different modifications of albumin. Tlius, Fr4my and Valen- 
ciennes have found (Ann. Ch. Phys. [3] 1. 138) that the albumin of the eggs of 
certain tribes of birda exhibits peculiar modifications. That from the eggs of 
different species of gallinaceous birds always exhibits the characters above described ; 
but the eggs of swimming and wading birds yield an albumin which, when diluted 
with 3 measures of water, is not coagul.ated by heat, but is precipitated by nitric acid ; 
and the albumin from the eggs of predaceous birds, and of some kinds of perching 
and climbing birds is neither coagulated by lieat nor precipitated by nitric acid. 
The composition was, however, found to be the same in all cases. 

Blood-albumin exhibits the same reactions as that from white of egg, excepting that 
the latter when boiled gives up part of its sulphur in the form of sulphuretted 
liydrogcn, which blood-albiirnin does not; nevertheless coagulated white of egg 
appears to contain more sulphur than blood-albumin. 

Scherer found in a liquid obtained from a case of ovarian dropsy, 
a substance resembling albumin, but differing from it in not being completely preci- 
pitated by ebullition, even after addition of acetic acid, and in dissolving in water 
aiXer being precipitated by alcohol. Metalhumin is the name given by tlie same 
chemist to another supposed modification of albumin, likewise obtained from a pa- 
thological fluid, which exhibited similar peculiarities to the preceding, and was 
furtlicr distinguished by giving no precipitate with liydrochloric acid, or with ferro- 
cyanido of potassium after acidulation with acetic acid. 

Other substances more or less resembling albumin are: glohxdin or crystallin 
existinj^ in blood-globules and in the crystalline lens of the e^e ; kamatocryatallin, a 
crystalline body obtained from blood, and viUUin, existing in the yolk of eggs (see 
these sulwtances), 

Qmniiiative Estiimthn of Albumin . — The best mode of precipitating albumin 
from alkaline liquids (serum, for example), for quantitative estimation, is to neutraliso 
or slightly acidulate the liquid with acetic acid, and then coagulate the albumin by 
boiling. The precipitato tlius obtained is fioccnlent and may bo easily collected on 
a filter and washed, the liquid passing through perfectly clear, whereas if the albumin 
be coagulated by heat alone, it is very apt to clog the filter. Another reason for 
using ttio acetic acid is, that more boiling does not precipitate the albumin completely 
from alkaline solutions. The precipitated albumin, after being thoroughly washed, 
may be dried in vacuo over sulpnuric acid or in a current of warm air. 

Uses of Albumin . — Albumin is mucli used for clarifying vinous and syrupy liquids, 
inasmuch as, when boiled with them, it coagulates, and takes hold of the colouring 
matter and other impurities, thereby removing them, and canying thdm to the bottom 
or to the surface of the liquid, according to its density. In cookery, white of egg 
is employed for this nuipose, but in large operations, such as sugar-refining, the 
serum of blood is used. Albumin is applied to a considerable extent for fixing* 
colours in calico-printing ; it is also used in photography. Its property of forming a hard 
compound with limo renders it veiy usefril for raaldng cement for laboratory pur- 
poses and for mending broken earthenware. A paste made of white of egg and 
slaked lime, acquires after a while the hardness of stone. 


Albvkinatks. (Lassaigiie, Ann. Clu Phys. [3] Ixiv. 90 ; Lieberkuhn, J. Pharm. 
[3] vauilt 398 ; Lehmann, Physiol. Chem. i. 332 ; Gerh. iv. 447.) — Albumin is a 
weak acid, and apparently dibasic. Its compounds with the alkalis are soluble and 
are obtained directly by treating albumin with caustic alkalis or alkaline carbonatest 
%e otker albuminates ore insoluble and are obtained by preci|ntatlon. 

of Barium, C***H***Ba''N**S*0** + 2H*0 (?) — A solution of albuminate 
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nf nntasaium in dilute alcohol fbima with harinm’^alta, a precipitate wWch Mee 
MD to a white powder, insoluble in water, alcohol and ether, mite of px 
inth caustic baryta, atrontia or lime, forms an insoluble compound, which becomes 

Copper, (?) — Obtained in like manner 

forms when diy, a green, brittle mass, insoluble in water and alcoboL Acids deco* 
Jorise. but do not <&solve it (Lieherkiibn). According to Lassaigne, double albu* 
zninaCcs of copper with potassium, or barium, or calcium, may be obtained by 
heating hydrate of copper with solution of albumin and solution of potash, baryta or 
lime. There is also an albuminate of copper and magnesium which is insoluble 
and has a lilac colour. 

Alhuminate of Lead is a white insoluble salt, obtained by mixing the solution of 
albumin and subacetate of lead ; it is soluble in excess of the lead-siUt, and is decom- 


posed by all acids. 

Mercuric Albuminate is a white substance obtained by precipitating corrosive 
sublimate with albuminate of sodium (white of egg). It is insoluble ia pure water, 
but soluble in saline liquids ; for this reason, whenrwhite of egg is used as an antidote 
in cases of poisoning by corrosive sublimate, endeavours should always be made 
to produce vomiting; otherwise a portion of the mercuric albuminate may remain 
dissolved in the gastric juice, which contains chloride of sodium. 

Albuminate of Potassium, + 11*0. — I^epared by mixing a con- 

centrated solution of white of egg with strong potash-ley, and washing the result 
ing gelatinous mass with cold water, as long as any alkali dissolves out, then dissolving 
the. residue in boiling alcohol, and precipitating by ether. After drying, it is no longer 
sr)]nhlc in boiling alcohol or in water. The aqueous solution is not cotiigulatod by- 
boiling or by addition of alcohol. With a small quantity of acetic, tartaric, citrio 
or phosphoric acid, it yields an abundant white prcniipilate easily soluble in excess of 
acid. These characters are the same as those of casein; hence, Gorhardt considers 
it probable that casein may be really albuminate of potassium. 

Albuminate of Sodium is contained in bhx)d-serum and in white of egg, together 
with chloride of sodium and phosphate of calcium. Serum and white of egg have 
n slight alkaline reaction, ore more soluble in water than pure albumin, and when 
Iwjilcd, coagulate in a gelatinous mass, not in flakes. After IwiliDg, the filtered liquid 
iM TiK»ro alkaline than before, and still contains albuminate of sodium, whereas the 
coagulum is free ftrom alkali. Hence, Gerhardt thinks it probable that serum 
and wliito of egg contain an acid albuminate of sodium, (7*H***NaN**SO% 
which is decomposed by heat into the neutral albuminate,' and free albumin which 
wparatps from the liquid. This view is, moreover, in accordance with the composition 
nf dried white of egg, which, according to Lehmann's analysis, contains 1*6 per cent, 
of Ho<la, the formula C”H'”NaN’*SO’^ + H*0 requiring T8 percent. White of egg 
or scrum treated with strong caustic soda, yields a gelatinous mass nearly insolubia 
in cold watc»r, and closely resembling the compound produced under the same cir- 
cumstances by potash. This gelatinous salt appears to bo the neutral albuminate of 
s*'dium, C’®ll'**Na*N*"SO” + 11*0. It contains, according to Lehmann, 3*14 per cent. 
*M><la (by calculation 3*7). 

Albuminate of Silver, C’*n"*Ag*N**SO** + 11*0 (?) — Obtained by precipltatioiU 
White, flocculent, blackens when exposed to light. 

Albuminate of Zinc, C”H"®Zn'^N*feO" + H^O (?)— White powder insoluble in water, 
alcohol, and ether. 


•AXauiUV* VBOaTAB&a. (Gerh. iv. 444; Haadw. d. Chem Aufi. ii 
147.) — Most vegetable juices contain a substance which fippears to be identical in 
composition and properties with the albumin of blood or of white of egg. The 
same compound appears also to exist in the solid form in certain parts of planh^ 
especially in the seed. Vegetable juices containing albumin deposit it, when neat^ 
to 65® or 70®, iu flocks, which are often coloured greenish by chlorophyll, and contaim 
fatty and waxy substances mechanically enclosed. To remove these matters, the 
coagulum must be washed, first with water, then with boiling alcohol and with ether. 

Albumin is csi^ecially abundant in the juice of carrots, turnips, cabbages, 
the green stems of peas, but it is more easily prepor^ from potatoesi, by catting 
thi^m into slices, covering them with very dilute snlpnaric acid (of 2 p*c.)^ leaving the 
liquid to itself for 24 hours, then adding fresh pototoes, and lepcatiDg the same 
operation onee more, afterwards neutralising the solution with potash, and boiling. 
A considerable quantity of albumin is then deposited in thick white flocks. 

Wheat-flour also contains a considerable quantity of albumin, which may be eHr 
tracted with cold water. For this purpose, the water which runs off in washing 4lie 
paste of wheat-flour for the preparation of fduten (q, tr.) is left at rest till the stopell 
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u completely deposited; the clear liquid is then heated to the boiling; point, where** 
upon it deposits a small quantity of albumin ; on evaporating the solution a larger quan-* 
tity is obtained. 

Oleaginous seeds likewise contain albumin, which may be_ extracted by beating 
the seeds with water into an emulsion, extracting the fat by agitation with ether, 
the albumin by boiling. 

When sweet almonds which have been freed from their envelopes are reduced 
to a pulp by rasping, and the pulp is digested for a few minutes in boiling water, 
the sugar, gum, and the greater part of the legumin contained in the almonds enter 
into solution ; and on depriving the residue of fatty matter by means of ether, 
nothing is loft but coagulated albumin, exhibiting the same characters as coagulated 
white of egg. 

a ^ e ^ ^ S Q 

Carbon . 54 0 . 537 . 51^ to 62-0 , 53-1 . 52*0 

Hydrogen . 7 8 . 7*1 . 69 * 7*0 . 7*2 . 6*8 

Nitrogen . 16-8 . 15*7 . 18*4 

Oxygen 

Sulphur 0-97 • 0*79 . 1*0 . 0 77 

o, albumin from rye, analysed by Jones (Ann. Ch. Pharm. xl. 66) ; 5, from wheat- 
flour, by Dumas and Cahonrs (Ann. Ch. Phys. [3]Ti. 309); c, from wheat-flour 
by Doussingaiilt (ibid. [2] Ixiii. 226); d, from potatoes by Ruling (Ann. Ch. 
Pliann. Iviii. 306) ; e, from peas by Ruling; /, from lye, by Mulder. 

Vegetable alljumin is distinguished from legumin (vegetable casein) by being 
coagulated by heat, and not precipitated by acetic acid. It exhibits the same re- 
actions us animal allmmin with acids, alkalis, tannin, chloride of mercuiw, &c. The 
mode of its occuirencc differs, however, remarkably from that of animal albumin in 
this respeeb that it is always found in plants in neutral or acid liquids, whereas animal 
albumin exists only in alkaline liquids (p. 25). 

The albumin of sweet almonds is remarkable for the facility with which it decom- 
poses, and by its property of acting as a ferment, and determining the metamorphosis 
of amygdalin, saliciii, and other organic bodies. This altered albumin is distinguished 
by the terms emttfsion and synaptase {q. v,) 

The myrosin of mustard-see^ likewise resembles vegetable albumin. Lastly, the 
diastase of^ germinated barley, heer^yeastf and wine-lees a 2 *o likewise albuminoidal 
substances in a state of alteration. 


A&BUMXMTXSr. Oonin. (Handw, d. Chem. Aufl. i. 404.) — The name given by 
Couerbe to the substance of ttio cells which enclose the white of birds’ eggs. It is 
ol)tainod by exposing white of egg for a month to temperature between 0° and — 8^, in 
the form of a white filmy substance, which when dried is white, translucent in thin 
lammm and eiwily friable. It docs not contain nitrogen, and consequently does not 
evolve ammonia when heated. It is insoluble in water, whether liot or cold, but swells 
up in hot water, forming a gummy mass. It is not acted upon by alcohol, ether, or 
acetic acid. Nitric and sulphuric acids decompose it. It dissolves in hydroehlorio 
acid, and on adding water to the solution, a white powder is precipitated. It dis- 
solves in caustic potash, forming a solution which is rendered turbid by addk but not 
precipitated. 


j Protein-compoimds. Blutlnlder, (Gerh. iv. 430; Handw. 

a. Chem. Aufl. ii. 120.) — This term is applied to a dass of con^unds whic^ 
play an impor^int part in the functions of animal and vegetable life. Three of thenit 
cast^n, Bjid fibrin are distinguished by well-marked characters, 
hibnn separates spontaneously in the solid form from blood, soon after its removal 
from the bving body ; albumin is contained in the serum or more liquid portiou of 
tno blood, and separates from it as a coagulum on the application of heat; and 
CMein IS contained in milk, from which it may be separated, not by heat, but by the '' 
addiUon of an acid. The same substances are found in plants, vis. fibrin, in the grain 
of wheat and otlier cereal plants ; albumin in most vegetable juices and casein (or 
le^min) in the seeds of the pea, bean and other leguminous plants. 

. Ihe other bodies of tliis class are less distinctly characterised ; indeed, most of 
them apj^ar to be niero modifications of the one or other three above-mentioned ; 
thus, the essential constituent of the muscular fibre, dosoly resembles 

mooa-fibn^ a substance occurring in the yolk of eggs, is scarcely distin- 

g^i^ble albumin; and globtdin and hesTnatoerysUdUn, two substances con- 
' in tho blood, resemble albumin in the property of coagulating by heat, 

j-^oreover, alburn, fibrin, and casein, though cleariy distiiigmshed from one 
ipiMliier oy tno diiferent conditions under which they from the liquid to thf 
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•olid state^ neveirthel«8« tXMtiess many chamctom in eomnion. Thejr all 4iaio2TO in 
caustic potash or soda» ana when boiled with tliose alkalis, yield solutions fiom wiiich 
acids precipitate them in a more or less altered sta^ and at the safne time eliminate 
hydrosulpliuric acid. When subjected to diy distillation, they all give off ammonia 
(or compound ammonias). They all decompose and putrefy with great facility when ex- 
pc^ed to moist air, and in that form are veiy active as ; thus, yeas^ wine^Iess, 
mastase, &c., are merely albuminoidal substances in a peculiar state of decomposition. 

All albuminoids treated with oxidising agents, such as mixtures of peroxide of 
manganese or acid chromate of potassium and sulphuric acid, yield the same products, 
viz. acids and aldehydes of the acetic and benzoic series (see AnncMiN, p. 67). — ^Albu- 
minoids dissolve in very strong hydrochloric acid, forming a solution which is yellow 
if kept from contact witli the air, but assumes a fine blue or violet colour on exposure 
to the air. — A solution of mercury in an equal weight of nitric acid imparts to these 
iKslies a very deep red colour, this test serving to detect the presence of 1 part 
of albumin in 100,000 parts of water. 

All the albuminoids exhibit the same or nearly the same constitution. In the 
living organism, albumin, fibrin, and casein are constantly being convorted one into 
the other. The casein of milk supplies the material for the formation of albumin 
and fibrin ; and conversely, albumin and fibrin are converted into casein. Indeed, 
the analyses of different bodies of the class do not differ from one another more than 
analyses of the same body from different sources or by different experimenters. They 
contain 60 to 64 p. c. carbon, about 7 p. c. hydrogen, 16 to 17 p. c. nitrogen, about 26 p. c. 
oxygen, and from 0*9 to 1*8 sulphur. Acconling to some analyses, however, fibrin 
eontains rather loss carbon and more nitrogen than albumin. Albumin and ftb)in 
have l>een supposed by some chemists to contain also a small quantify of phosphorus 
as nn organic constituent, but its existence is not well established. llKrost albuminoidll 
arc associated with small quantities of mineral substances, including phosphate of cal* 
ciurn, which cannot bo separated froiu the organic matter by acids. 

This great similarity of composition and properties exhibited by these bodies has 
led to various views of the relation between them. Mulder supposed that all the 
albii mi noids contain the same organic group, which he called 

com hi nod with different quantities of sulphur and phosphorus, and that tno con- 
version of one of thrae bodies into the other depends upon the assumption or elimina- 
tion of small quantities of one or l>oth of those elements (see Pkotbin). Mulder 
also stated, that when an albuminoid is treated with caustic alkali, the sulphur and 
phosphorus are removed and tbo protein remains. The rcsoarchos of other chemists 
have, shown, however, that this view is untenable. Noitlier of the albuminoids 
c-onbiiiis phosphorus, and the proportion of sulphur appears to be tlie same in them 
all ; at all events, fibrin and egg-albumin, which perhaps exhibit the greatest dif- 
fi-i>'nce of physical and chemical properties, do not differ perceptibly in amount of 
siilpliur. Mor^ver, the sulphur of albuminoid cannot be completely extracted by tho 
action of alkalis, so that tlie existence of the so-called protein m merely hypothetical. 

Oerhaidt w^ of opinion that all tho albuminoids are identical, not only in com- 
position, Imt in chemical constitution, and that they differ from one another only 
in molecular anrangement, and by the nature of the mineral substances with which 
tlmy are associated; in fact, that they contain a common proximate element which, 
liKc many other organic compounds, is capable of existing in a soluble and in an 
1 iisoluble modification. Designating this common element by tho name albumin, he sup- 
pled that white of egg and serum consist of acid albuminate of sodium (p. 99), whicli is 
separated by heat into firw albumin and neutral albuminate of sodium, the latter remain- 
ing di^lved ; that casein, which is soluble and non-coagulated by heat, consists of 
neutrjil albuminate of potassium, from which the oigaziic compound may be precipitated 
l>y neutralising the al^li with an acid ; and that fibrin is albumin in the insoluble state, 
more or less mixed '«dth earthy phosphates. This view is in accordance witli the fact 
I hat fibrin and ca^in may be dissolved in neutral potassium-salts (better with addi- 
tion of a little caustic alkali), forming a liquid which coagulates by heat, and deflects the 
pi^o of pourisation of a luminous ray to the left, like albumin ; and that fibrin and 
ainumin, diwlved in a certain ' quantity of caustic alkali, exhibit the characters of 
&oiui)ie c^isein. Nevertheless, it is possible to obtain the albuminoids in some cases 
viioiiy in othOT very nearly, free mineral matters, and nevertheless exhibiting 
^cir di^inguishing characteristics. Moreover, it is certain that all these bodies 

nt^ same proportions of carbon, nitrogen, and sulphur. 

otrecker (Handw, d, CJhem. 2** Aufi, iT 124) supposes the albnminmds to bo 
^ great number of radicles (a supposition m acoordaaoe with tho variety 
pr^ncts of decomposition) ; that the greater number of these radicles are the 
tJtJ® — henw their great similarity, — but that each contains one or mori : 

radicles pecoliar to its^ Thus, when casein is eohveited in the animal 
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into iStain and fibrin, it may take the radides 

other constituents of the milk, viz. the ft 
Blood, Ca8sl% Ceystalunb, Fibbin, Olobvlin, 

Milk, Vitelus.) 

JLhSinntJVOBXL This term is applied by Boucbardat to a product of the decom- 
jjoflition ofmimal Shrin by very dilute hydrochloric acid (see FntEm), and by MiaJhe, 
to a peculiar sub.stance into whicli he supposes aJhumm to be converted by the action 

of the gastric juice before it is assimilated. 

AXCARRAZAS. Vezy porous vessels of slightly burnt clay used in hot climates 
for cooling water and other liquids. The liquid oozes through the pores and stands 
on the outside of the vessel iu a sort of dew, which rapidly evaporates, especially if 
the vessel is exposed to a current of air, and hereby cools the Kquid. 

A&CBBWXXi&A WZiOARX8« 100 pts. of the fresh plant contain, according 
to Sprengel: 76*0 pts. water, 10*3 pts. extractable by water, and 7’8by dilute potash- 
ley; 6*6 woody fibre and 1*66 ash free from carbonic acid. The ash contained in 
100 pts. ; 30*6 potash, 2*4 soda, 33*6 lime, 4*9 magnesia, 0*9 alumina, 14*4 silica, 
4*4 sulphuric anhydride, 5*4 phosphoric anhydride, 3*6 chlorine, and traces of the 
oxides of iron and manganese. 

AXiCOHOXi. C*H«0 « C^H^H.O [or « C^H^O.HO.\ This compound, 

which is the spirituous or intoxicating principle of wine, beer, and other fermented 
liquors, may be regarded as the liydrate or hydrated oxide of ethyl, or as a molecule of 
water, HHO, in whicli half the hydrogen is replaced by the radicle ethyl^ C^H*. It has also 
been regarded as a compound of ethylene and water, C*HMI*0. 

/ History, — Intoxicating drinks produced by fermentation of vegetable juices contain- 
ing sugar, have been known from the earliest times ; but it was not till the twelfth 
centmy that the method of obtaining pure spirit of wine or hydrated alcohol from 
these liquids by distillation, was discovered by Abucasis; and the dehydration of this 
liquid was firet partially effec'ted Iw means of carbonate of potassium by Eaimond 
Lullius iu the thirteenth century. The mode of obtaining perfectly anhydrous alcohol 
was afterwards discovered by Lowitz. 

Formation, — 1, By the decomposition of glucose (grape-sugar) under the influence 
of ferments, that is to say, of nitrogenous organic substances, such as yeast, which are 
themselves undergoing decomposition. The sugar is then resolved into alcohol and 
carbonic anhydi'ido : # 

= 2(rH«0 + 2CO». 

Other kinds of sugar, cane-sugar for example, as well as starch, woody fibre and 
other vegetable substances, also yield alcohol under the influence of ferments, but they 
arc lirat converted into glucose. 

2. From ethylene or olefiant gas, by addition of the elements of water : 

cm* + H*0 C^H^O. 


required for that twinsfonnatioii 
t and the sugar. (See Aijeoinr, 
HjEMATOCBTSTALim, Lsaxoair, 


Olefiant gM briskly agitated for a long time with strong sulphuric acid, is absorbed, 
and on diluting the liquid with water and distilling, alcohol passes over. This mode 
of formation, first observed by Hennel (Phil. Trans. 1826, p. 240), has lately been con- 
firmed and fully examined by Berthelot(Ann, Ch. Phys. [3] xliii. 386). As olefiant 
gas can bo obtained from inorganic material, it follows that alcohol may be produced 
without the agency of living organisms. 

Ih-rparation, 1. Of Hydrated or Aqueoxts Alcohol, — ^When wine and other liquids 
which have undergone the vinous fermentation are distilled, alcohol passes over together 
with a considerable quantity of water ; and by subjecting the product to repeated dis- 
tillations, spirit is obtained continually richer in alcohol, because the alcohol, being 
more volatile than the water, passes over in larger quantity than the latter. But it is 
^ remove the whole of the water by simple distillation. The residue of 
the distillation, if continued long enough, is nothing but water containing small quan- 
tities of acetic acid (produced by oxidation of the alcohol) and fusel oil. Portions of * 
these impurities also pass into the rectified spirit. The greater part of the acetic acid 
however, and a considerable portion of the fhael oil are left in the residues of the 
several distillations. The last portion of the acid is easily removed by distillation 
over a small quantity of carbonate of potassium or wood-ashes : and the fusel oil, 
which Bdheiw moM obstinately, and imparts a very unpleasant odour to the spirit, is 
best removed by adding to the spirit about 0*7 of its weight of coarsely powdered 
ehmreo^ leaving the^ mixture to stand for several days, and stirring it repeatedly, then 
decanting and distilling. Bone-black or blood-charcoal may also be usra. 

2* Of Anhydrous or Ahsotute Alcoltol. — ^Alcohol cannot be completely dehydrated by 
fudallation, beca^, at the Iwiling-point of pure alcohol (78® C,), the vapour of water 
a considerable tension. The most highly rectified spirit obtained by ficac- 
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tiouJ distillation, etill retaiiis about 9 per cent of water. The last 
must be remoyed by the agency of some substance which lias a poweiM a tti 'iij t %ibr 
it Carbonate of potassiun^ ehlonde of calcium, and quick lime, are the sabsfe&eeii 
jDOs^ commonijr used far this puipose^ more rareljr acetate of potassium, sulphate of 
copper, and otaer salts, 

a. By Carbonaie of JPbiassium,—I[igh\y recti£ed spirit is shaken up with ignited 
carbonate of potaasium, which forms a wateiy or pasty layer at the bottom. The 
alcohol, whose density is thereby lowered to 0'816, is jxiured off into a distilling ressel 
containing twice the quantity of pulverised and recently ignited carbonate of potassium, 
left to stand for 24 hours, and then two-thirds of it are distilled off (Lo wita). TJu« 
method does not however remove the last minute portions of water. — d, A more com- 
plete dehydration is effected by chloride of calcium. The salt fused or dehydrated by 
a heat of 400^ C. is added in thick lumps to twice its weight of spirit containing 90 per 
cent, of real alcohol ; and the mixture left for some days in a closed vessel and occa- 
sionally shaken up, after which it is distilled in a retort over a ftesh quantity of fhaed 
chloride of calcium. The retort is heated in a saud or oil bath with its neck directed 
upwards to prevent the contente from girting over. When the quantity of water 
is large, a second treatment with chloride of calcium is nccessaiy to effect complete 
dehydration. 

c. By Quick lime ., — A retort is two-thirds filled with small pieces of quick lime, and a 
quantity of 90 per cent, spirit poured in sufficient to nearly cover the lime. The lime 
soon slakes and becomes heated ; the mixture is left to digest for some hours ; and the 


anhydrous alcohol is then distilled off in the water-bath. The distillation must be care- 
fully conducted, otherwise the distillate will be contaminated with lime. Alcohol con- 
taining fusel oil acquires a very unpleasant odour wheu treated with lime. This i« J>y 
far the easiest method of obtaining absolute alcohol. " ^ * 

d. When aqueous alcohol is enclosed in a bladder, and exposed to warm air,' the " 
water gradually percolates through the bladder and evaporates, and absolute alcohol is 
left inside. (Sdmmering.) 

Alcohol may be regarded as anhydrous if sulphate of copper previously burnt whit© 
docs not acquire any blue colour when immersed in the alcohol in a close vessel (Gas- 
soria), or if it forms a perfectly clear mixture 'with benzol (Gorgeu). It is doubifid 
liowever whether either of these tests will indicate the presence of a very minute 
quantity of w'ater. 


rropertiea . — Alcohol is a transparent, colourless, very mohile liquid, having a strong 
refracting power. Its specific gravity, according to Kopp (Pogg. Ann. Ixxii. 1), is 
0*792 at 20° ; or 0*7939 at 16*5°, or 0*8005 at 0°. If its volume at 0° C, be taken for 
unity, the volume at any temperature is given by the formula; 

u » 1 + 0*00104139^ + 0*0000907836^2 4- 0*000000017618^*. 


and therefore for the temperatures : 

OOC. 6°C. 10° C. 15° C. 20° C. 25° 0, 30° C. 


the volumes of a given quantity of alcohol are as the numbers : 

1*00000 1*00523 1*01062 1*01686 1*02128 102680 1*03242 


Alcohol has never been reduced to the solid state, but becomes viscid at very low 
temperatures, as when it is surrounded with a mixture of solid carbonic acid and 
ether under an exhausted receiver. It boils at 78*4° C. (173*1° Fab.) when the baro- 
meter stands, at 0*76 met. (Gay-Lussp,c, Kopp.) Vapour-density -» 1*013 (Gay- 
Lussac) ; by calculation, for a condensatiqn to 2 volumes, it is 1*691 when referred to 

air as unity, and 23 when referred to hydrogen as unity ^ ^ 23. J 

Alcohol has an enlivening odour and a bnming taste, and when unmixed 'with *water 
* exerts a poisonous action. It is a very slow conductor of electricity. 

p^mposiiions. 1. By Heat. — Alcohol-vapour passed through a red-hot glass or por- 
celain tube yields carbonic anhydride, water, hydrogen, marsh-gas, olefiant gas, naphtha- 
hn, empyreumatic oil and a deposit of charcoaL If the tube filled with firagments of 
pumice-stone, the solid and liquid products consist of nalphthalin, benzol, hydrate of 
phenyl, acetic acid (?) and aldehyde, together with a number of solid compounds of not 
wy definite character, some of them smelling like musk, others like garlic (Ber thelot; 

Phys. [3] xxxiiL 285). Alcohol-vapour does not nndeigo dei^mposition at 
30^ C, in a tube containing ftn^ents of porcelain, but gives off gas even at 220°, if the 
tube contains spongy platinum. (Reiset andMillon, Ann. Ch. Phys. [3] viiL 280.) 

2. By SUetridt ^. — Absolute alcohol scarcely conducts the voltaic current, but wbj||l 
potaali or potaasium is dissolved in it, decomposition takes place, hydrogen being 



74 


alcohol. 


evolved at the negative pole and Meb^de-reein formed at the poeittye pola^ 

(Connell.) 

3. Jly Oxygm. — Alcohol is very inflammable, and bi^s in the air with a doll blue 
flame, yielding water and carbonic acid. It does not readily deposit soot, even when the 
supply of air is limited, but absolute alcohol deposits it more readily than ordinary spirit. 
Alcoliol- vapour mixed with air explodes by contact with flame or by the electric spark. 

Imperfict Combustion . — When alcohol or its vapour comes in contact with air, and 
at the same time witli platinum or certain other metals, an imperfect oxidation of the 
alcohol takes place, the met^ being generally heated to redness, and the alcohol being 
converted, partly into carbonic acid and water, partly into aldehyde, acetic acid, formic 
acid, acetal, and a peculiar compound having an excessively pungent odour. Some 
metds excite this action at ordinary temperatures, others only when more or less 
heated; but in all cases the action is more powerful as the metal is more finely divided 
and consequently exposes a larger surface to the alcohol-vapour. The most powerful 
action is exerted by platinum black. When this substance is shaken on paper mois- 
tened with alcohol, it makes a hissing noise and becomes red-hot> sometimes setting 
fire to the alcohol, or else continuing to glow, and inducing the slow combustion above 
mentioned. If the platinum be previously moistened with a small quantity of water, 
or at once covered completely with alcohol, the ignition is prevented, and the slow 
combustion induced with greater certainty. If a number of watch-glasses containing 
moist platinum black, be placed above a dish containing alcohol, and a bell jar open at 
top invertiid over them, the alcohol turns sour in a few weeks, and is found to contain 
aldehyde, acetal, acetic acid, and acetic ether. 

This action of platinum black affords an excellent means of discovering the presence 
of alcohol in tlio air or in watciy liquids. The hqnid, neutralised, if necessaiy, witli 
alkali, to prevent the escape of volatile acids, is introduced into a retort, into the neck 
of which, and near the bulb, is thrust a little boat containing platinum black, and on 
each side of this boat is placed a piece of litmus paper, in contact with the platinum. 
Ihe rctoi-t is then gently heated in the water-bath, when, if alcohol is present, 

Its vapour vdll be converted into acetic acid by contact with the platinum black and 
tlic ])aner will bo reddened (Buchheim). [Other volatile organic liquids might exert 
a similar action.] © ^ o 

platimira and clean platinum wire act in a similar manner to platinum black, 
out not so quickly. If a coil of platinum wire be placed round the wick of a spirit- 
Jamp, the alcohol set on lire till the wire becomes red-hot, and the flamo then blowTi 
out, tlio wire will continue to glow and the alcohol-vapour to burn slowly, producing 
acetic acid, aldehyde, &e. The same effect is produced by a ball of spongy platinum. 

I Jus is tlio lavip without Jla?ne, or glow lamp of Sir H. ^ c*./ x 

4. Ilf/ Cltlorine.-- Chlorine gas is rapidly absorbed bv al 


Mil 1 uy emorme, inereoy proaiicing Jiyarocmoric acid, 

ildcliydc, acetal, acetic acid, acetate of ethyl, chloride of ethyl, and finally chloral. The 
mixture of these substances, freed by wasliing with water from the soluble constituents, 
was lormerly called hcaw/ hydrochloric ether. The formation of these several products 
IS represented by the following equations : 

CH*0 + 2 Cl = C*H*0 + 2 HCl 


Aldehyde. 

= cy Cl»9 +3HC1 

Chloral. 

= C*H*C1 + H*0 


Chloride of 
othjrle 

. CPH’O* + 4HC1 


Alcohol. 

CPH^O + 6 a 

Aldehyde. 

(yH«0 + HCI 

Alcohol, 

CTBO + H»0 + 4C1 : 

Alcohol. Acetic acid. 

C^H<0 + « C*H»0* C*H» + H*0 

A A A Jf ^ Alcohol. Acetic acid. AccUte of ethyl 

AMtote of ethyl may also he formed by the direct action of cUoiiae on the alcohol ; 

_ .... + 401 = C»H»0».C»H* + 4 HCl 

eqnatioa* probably formed at the beginning of the prooesA accordkig to tli% 

30*H*0 + 2a - C‘n"0» + H»0 + 2HC1, 
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ia ibr the most part sabseqiiMitly converted inb Aoetio aeid .* 

COT^O* + 4H*0 + loa « 3C*H<Ot + lOEOL 
When the action of the chlorine is continued £:>r a long time^ ehloral is alwnja the 
principal product. 

Chlorino in presence of alkalis, conTeits alcohol into chloroform and earbonie 
anhydride : 

C*H«0 + sa + 0 - CHCl* ^ 6HC1 + CO*. 

The same products are formed hy distilling dilate alcohol with hypochlorite of cal- 
cium (chloride of lime, bleaching powder). (See Chlobofobm.) 

Bromine acts upon alcohol in a similar manner to chlorine, prraneinff bromal, hydro- 
bromic acid, bromide of ethyl, bromide of carbon, formic acid, and omer products not 
yet thoroughly examined. Iodine is at first dissolyod by alcohol without decomposi- 
tion, and ibrms a brown solution ; but after a while, hydriodio acid is produced, and 
acting upon a portion of the alcohol, forms iodide of ethyL An alcoholic solution of 
potash treated with iodine yields iodoform and iodide of potassium, the former of whi<^ 
compounds may be separated by water. 

5. Ch/orioacidf in the concentrated state, sets fire to alcohol ; when diluted, it forma 
acetic acid, the action being sometimes attended with evolution of chlorino. Perchlo^ 
ric acid mixes with alcohol without decomposition at'ordinaiw toraperuturcs, but the 
liquid when heated first gives off alcohol, then ether, and ultimately white vapours 
suu'IHng like oil of wine, the residue at tho same time turning black. 

6. iStrong JSitrie acid decomposes alcohol, with great evolution of heat and brisk 
ebullition, a mixture of various elastic fluids, the ethereal nitrous gas of the older 
chemists, being evolved and an acid liquid remaining behind ; if the nitric acid is 
dilute, the action does not take place without application of heat. Part of the nitric acid 
unitt'fl directly with the alcohol, forming nitrate of ethyl, but the gimter part is reduced 
to nitrous acid wliich then forma nitrite of ethyl (nitrous ether) with a portion of the 
alcohol, while the remainder of the alcohol is oxidised andconverted into aldehyde, acetic 
acitl, formic acid, saccharic acid, oxalic acid, glyoxal, gjyoxylic acid, and glycollic acid, 
together with water and carbonic anhydride, which escajxis as gas, together with nitric 
oxide and tho vajxjurs of the more volatile among the compouiKls just mentioned. The 
formation of glyoxal, glyoxylic acid, and glycollic acids is represented by the equations : 


C^H*0 + 30 * C*H*0’ + 2IP0 

Alcohol. Glyoxal, 

C’E*© + 30 - CPnK)* + IPO 

Alcohol. Oljrcolilc acid. 

C»H*0* + 0 + IPO nr; cm*o* 


GlyoxaL Oiyox^llc 

If urea bo added to the mixture of nitric acid and alcohol so as to decompose the 
nitrous acid as fjust as it is formed (see Urka), the chief product of tho action is nitrate 
of ethyl C®H*, Hydrocyanic acid has also been ohson’ed among the products of 
the action of nitric acid upon alcohol. 

WImn strong alcohol is iicafed with red fuming nitric acid (containing nitrons acid) 
and nitrate of silver or mercuric nitrate is added, white fumes are given off, containing 
aldehyde and other oxidised protluets, and a crystalline deposit of fulminate of silver 
or mcrcniy is formed, its production being due to the action of tho nitrous acid on the 
alcohol: e.g, 

C*H*q + (IW)^ - + 8H*0 

Alcohol. Mercuric Fulminate 

nitrite. of mercury. 

But when a solntion of metcniy in nitric acid free from nitrons acid is added at a 
bmperatnro below 100® C. to alcohol of sp. gr. 0*844, no action takes place at first ; bat 
on raising the temperature to 100®, a white crystalline precipitate is formed, which is 
a compound of mercuric nitrate with a nitrate of ethyl in which the whole of the hydro- 
gen is replaced by mercuiy (Sobrero and Selmi; Qerbardt): 

4N(m + eHgTD + 2C*H*0 - (S0»)«H^.(S0»)XC*tfg*).2H«0 + 6HH> 

Crysultine compound. 

7. S^piurie acid forms with alcohol a nnmber of prodnets Taj^’ng in qmntity 
according to the proportions in which the two liquids are mixed, their degree of CMi- 
centratton, and the temperatuie to whicli the mixture is exposed. 
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Strong sulplmric acid miaea with alcohol, producing coMiderable evolution of heat, 
and forms ctnyl-sulphuric or aulphoyiiiic acicl, the acid being at the same time brought 
to a greater state of dilution : 

CTP.H.0 + SO*.H* « SO^H.C’'H» + H*0 

^ I I ■“ . 1111^ 

Alcohol. Ethyl-sulphuric 

acid. 

When the strongest sulphuric acid (sp. gr. 1'826) is digested for some time at a 
gentle heat, with excess of absolute alcohol, more than hatf the sulphuric acid is con- 
verted into ethyl-sulphuric acid. If the acid or the alcohol is diluted with water, a con- 
siderable quantity of the sulphuric acid remains unaltered. Sulphuric acid containing 
1 at, water (SO^JP.IPO) forms ethyl-sulphuric acid only when heated. As the forma- 
tion of ethyl-sulphuric acid is necessarily accompanied by that of water, a certain 
portion of the sulphuric acid must always remain unconverted into ethyl-sulphuric 
acid. 

Formation of Ether . — mixture of 1 pt. alcohol, and ftom 1 to 2 pts. strong sulphu- 
ric acid heated in a distillatory apparatus, boils between 120'=> and 140® C., at first giving 
off ether, together with more or less undecomposed alcohol, then at 140® scarcely any- 
thing but ether, at 160® ether and water, — and at length w'hen, in consequence of the 
decomposition of the alcohol, the proportion of sulphuric acid has become excessive, 
and the temperature rises above 160®, the mixture blackens and gives off olefiant gas 
together witli sulphurous acid and other products hereafter to bo mentioned. If how- 
ever the alcohol be allowed to fiow constantly into the vessel in a thin stream, so as to 
maintain the proportion of 6 pts. alcohol to 9 pts. sulphuric acid, the temperature re- 
mains constant at about 140®, no sulphurous acid or olefiant gas is formed, but the 
alcohol, as fast as it is supplied, is given off again in the form of ether and water. 

The alcohol converts a molecule of sulphuric acid into ethyl-sulphuric acid and water, 
as above : 

C’H*.H.O + SOUP = SO^C*H».H + H^O 

Alcohol. Sulphuric l^hyUsulphuric Water, 
acid. acid. 


and the cthyl-sulphuTic acid coming in contact with another molecule of alcohol, yields 
ether and sulphuric acid : 

+ S0*m. 

Ethyl -fiiilphurlc Alcohol. Ether. Sulphuric 
acid. acid. 


The sulphuric acid thus reproduced acts in like manner upon another molecule of 
alcohol, and in this way the process continues as long as the supply of alcohol is kept 
up. Etlicrification is therefore a continuous process, a given quantity of sulphuric 
acid being capable of , etherif^nng a very large quantity of alcohol. The water, how- 
ever does not all pass off as it is formed, so tihat the sulphuric acid becomes continually 
though slowly weaker, and consequently a continually larger quantity of alcohol passes 
over uiidocom posed with the ether and water. 

The explanation just given of the process of etherification is due to Williamson 
(Chem. Soc. Qu. J. iv. 106, 229). Its correctness is strikingly exhibited by the 
analogouB reaction which takes place between common alcohol and amyl-sulphuric acid. 
When amyl-alcohol is dissolved in sulphnric acid, amyl-sulphnric acid is produced: 

+ SO^H« = SO^C*H».H + H^O. 

Now, on heating this mixture and passing a stream of ordinary alcohol through it, as 
almvo, ethamylic ether, or oxide of ethyl and amyl passes over first, then common 
ether, and ethyl-sulphuric acid remains behind in place of amyl-sulphuric acid • 
SO*.C^H».Il + + SO^H* 

Amyl-8ujphuric Alcohol. Oxide of ethyl Sulphuric 
and amyl. acid. 

The i^phuric ncid liras reproduced acts upon the ethyl-alcohol in the manner aheady 
desenue^ the prralucts Injing ethyl-sulphuric acid, ether, and water. The same products 
are obtained by distiUing a mixture of otbyl-alcohol and amyl-alcohol with sulphurio 


, of ether from alcohol was formerly regarded as a simple process of 

dehydration, tther Wng regarfed as CIPO and alcohol as ijts hydrate, C'lPO.HO, 
It WM summed that the sulphuric acid simply abstracted the water and left the ether. 
Against ^is new, however, it must be alleged that the quantity of water given off in 
the distiU^ion is venr nearly equal to the whole quantity supposed to be sepaiat^ 
the nlrohol, which could not W the case if it were retined Wthe sulphuric acid. 
UoiooTer, the molecule ot ether refciTed to the same vapour-voluiuoaa that of 
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C*lPO^, i» not C^Jff^Oy bnt op, according to the atomic weights adopted in 

this work, alcohol being (>H*0, ether is C^H‘*0. ^ For these reasons, Mits^erlicbi 
Beizelins, and oUier chemists hare regarded the action of sulplinric acid upon alcohol 
as ticontact^aciionf or catalyHc action, a mode of expression which simply states the fhot 
without explainii^ it. 

Another objection to the views just mentioned, is that they take no account of the 
formation of eth^l -sulphuric acid. That this, however, is an essential step in the process 
of otheriilcation is shown by the fiict that, on distilling a mixture of alcOliol and strong sul- 
phuric acid, the quantity of ethyl-sulphuric acid constantly diminishes as the ether passes 
over, and that, if the acid be diluted so far as not to form ethyl-sulphuric acid, the mix* 
turc yields no ether by distillation. Liebig therefore supposed that the cthyl-sulphurio 
acid is resolved at a certain temperature (120® to 140® C.) into ether, sulphuric acid, and 
sulphuric anhydride : 

2(C*H».H.SO<) - C«H»0 + SOni* + SO* 

and that the sulphuric anhydride, uniting with water also present in the mixture, re- 
produces sulphuric acid. But ethyl-sulphuric acid when heated alone gives off, not 
ether but alcohol, even when heated to 140® or above in sealed tubes ; but when 
heated with alcohol, it immediately yields ether. We are therefore led to regtird tho 
formation of ether as a result of the mutual decomposition of alcohol and ethyl-sulphurio 
acid, in the manner already explained. 

When alcohol and strong sulphuric acid are heated together in scaled tubes, the 
alcohol being in excess, a layer of ether forms on the top of the liquid, but no ethyl-sul- 
pliuric acid is found in tho lower stratum. If the sulphuric acid is in excess, no ether 
is formed (O r a h a^m , Chera. Soc. Qu. J. iii. 24). In the former case, it is probable that 
ethyl-sulphuric acid was first formed, and afterwards converted l:)y tho excess of alcohol 
info other and sulphurie acid. Acid sulphate of potassium (Graham) and various other . 
stilphatos heated with alcohol in sealed tubes, also etherify it more or less completely, 
tho. Hulphutc being in some cases converted into a basic salt. The alums, namely 
common alum, ammonia-alum, potaSsio-ferric sulphate, and potossio-chromic sulplmte 
licatiHl with an equal weight of 98 per cent, alcohol, etherify it completely. In all 
these cases, tho sufphato appears to give up a portion of its sulphuric acid, which then 
acts on the alcohol as above. (Keynoso, Ann. Ch. Phys. [3] stxviii. 385.) 

For?naih7i of Ohfiant gas . — When 1 pt of alcohol is heated with 3 or 4 pts. of 
strong suli>huric acid, the mixture begins, between 160® and 180® C., to blacken and 
thicken, swells up considerably and gives off olefiant gas together with variable 

quantities of sulphurous anhydride, carbonic anhydride, carbonic oxide, oil of wine, 
Mcetlc acid, acetic other and formic acid, and n black residue is ultimately left con- 
sisting of a peculiar acid called tliiomelanic acid and free sulphuric scitl. By passing 
ah'oliol-vaiTOur through a boiling mixturo of 10 pts. of strong Hul])huric acid and 
3 |)fs. of water, olefiant gas and water are obtained, with scarcely any coloration of 
t he mixturo or formation of sccondaiy products ; 

C*H*0 « C»H* + H*0. 

8. Sulphuric anhydride^ SO*, is dissolved by absolute alcohol, witli evolution of heat, 
and forms neutral sulphate of ethyl SO*.(C=*H*)*. When the vapour of tho anhy- 
driilc is passed into absolute alcohol, crystals of sulphate of carbyl, 0*1P,2S0*, are 
formed, together with ethionic, iseth ionic, ethyl-sulphuric and sulphuric acids, 

9. Phospl \4mc acid mixed with alcohol at ordinary temperatures, converts part of 
it into ethyl-phosphoric acid. A mixture of phosphoric acid with a small quantity of 
alcohol yields olefiant gas but no ether ; but if the alcohol is in excess, ether is first 
given off, then olefiant gas and a thick acid distillate probably consisting of neutral 
phosphate of ethyl, PO\(C*H*)*. Phosphoric anhydride absorbs the vapour of an- 
hydrous alcohol, forming ethyl-phosphoric acid PO*.C*H*.H*, and diethylphosphorio 
acid, PO*.(C*H*)®.H. Arseni acid acta vciy much like phosphoric acid, producing 

• ether and cthyl-amnic acid. Boric anhydride (vitrefied boric acid) in the state of 
pciwder heated with absolute alcohol, gives off olefiant gas and leaves boric acid, 

10. Hydrochloric acid gas is absorbed in large quantity by alcohol, and tho solution 
when heated gives off chloride of ethyl. The same compound is oV>tained by distilling 
alwhol with strong hydrochloric acid, or with a mixture of common salt and sulphuric 
acid ; but when a mixture of hydrochloric acid with a large excess of alcohol, either 
anhydrous or hydrated, is heated to 240® in a sealed tube, ether is formed as well as 
cliloride of ethyl, these two liquids forming a layer on the surface, while the lower 
stratum consists chiefly of water and hydrochloric acid. The ether results from the 
action of alcohol on tho chloride of ethyl already formed : 

C*H*.C1 + C*H*.F,0 « (C*H»)*0 + HCU 



alcohol. 


The «ine tauwformation take* place, though dowly, ereti at 100® C. (A. Beynos^ 

“P®“ ^ f «T'” ““"“J" hy^hlorie md 

nrodicing ker aud chloride of ethyl . CAW* of 5“V^f •* 

into Chlmde of ethyl with a small quantity of ether. With hydrat^ 
ot 166®C., ether and oil of wino, the quantity of which ini^e* as the dis^ation ^s 
on; hydi^chloric acid is also given ofi; and basic cMonde of amc r^ams When 
dicii We of tin is distiUcd with a considerable quantity of alcohol ethm rad <*londe 
of ethyl pass over between 140° rad 170°, afterward* a compound of cMqnde of ethyl 
withdicyorideoftin. (Kuhlmann, Ann. Ch Pham. mm. 97, 192.) _ 

Crystallised protochhride of tin diatolled with alcsohol yields ether, but no chlondo 
of ethyl (Marchand) ; the same decomposition takes place in a sealed tube at 24 0®. 
Crystallised cMonde of Ttianganese sindi protocMoride of iron also ethenfy alcohol com- 
pletely wlien heated with it in sealed tubes to 240°; the chlorides of cadmium, ntcJcel, 
and cohalt partially; in all these cases, the etherification takes place ^thout blacken- 
inc of the contents of the tube, and with little or no escape of gas when it is opened 
(R oynoso, Ann. Ch, Pliys. [2] xlviiL 385). The formation of ether in these reactions, 
may be explained by the following equations, given by Williamson for the case of 
chloride of zinc: 


2(0“II^O.H) + Zn"Cl* = (C*H“0)*Zn" + 2HC1. 
miMl.O + HCl = C'-'H^.d + H"0. 

2(C2H\Cl) + (C*H*0)*Zn'' « 2(C-H»)«0 + Zn"Cl* 

W\\:\i sesquioUoride of 2 >o», alcohol yields ether and chloride of ethyl between 130° 
and 140°C,, afterwards hydrochloric acid and water, the residue consisting of sosqui- 
chloride of iron mixed with ses'quioxide. With chloride of aluminium, chloride of 
ethyl is given off between 170° and 200°, afterwards hydrochloric acid, and alumina is 
left behind. Trichloride and pentachlaride of antimony convert alcohol into chlwido 
of ethyl, with a little other, the residue consisting chiefly of oxychloride of antimony. 

Dichloride of platinum boiled with alcohol of sp. gr. 0*813 to 0*893 is converted 
into a black explosive powder called detonating plaiinum-deponit, C*II*Pt®0, the liquid 
acquiring a strong acid reaction and the odour of chloride of ethyl : 

c*H«o + Pt"a» « c*n*pt"o + 2 Hci. 


The chloride of ethyl is formed by the action of the hydrochloric acid on another por- 
tion of the alcohol. (Zeise.) 

A solution of 1 pt. of tetrachloride of platinum in 10 pts. of alcohol of sp. gr. 0*828, 
distilled to yields aldehyde, chloride of ethyl, and hydrochloric acid. The residual 
dark brown liquid deposits a considerable quantity of the black detonating powder 
just mentioned, and retains in solution the 8t>-called inflammable chloride of platinum, 
C^H^PtCP, according tx^ Zeise, or C*H*PtCl*, according to Liebig. Its formation 
is represented by one of the following equations : 

2C*n«0 + PtCP « C*HTtCl* + cm*0 + H*0 + 2HC1. (Zeise.) 

Aldehyde. 

3C*n«0 + 2PtCP - 2C*H*Pta* + + 2H*0 + 4HC1. (Liebig.) . 

Aldehyde. 

The formation of the black deposit is not an essential part of the reaction, and 
indeed takes place most abundantly when the dichloride of platinum contains proto- 
chloride. 

Mercuric chloride, HgCP, dissolved in alcohol is slowly reduced to mercurous chloride 
IIg*Cl*. Potash added in excess to the alcoholic solution heated to 60° C., forms an amor- 
phous yellowprecipitatc containing carbon, hydrogen, oxygen and mercury, the hydrogen 
^ing in smaller proportion than in alcohol. This precipitate heated to 200°, explodes 
without leaving any residue ; heated in the moist state, it decomposes less violently, 
Yielding mercury, water, ^ and acetic acid (Sobrero and Selmi). Gerhardt and 
Werther did not succeed in preparing this compound. 

12. TricMoride of phosphorus readily decomposes alcohol, forming chloride of ethyl, 
hydrochloric acid, tribasic phosphite of ethyl and phosphorous add. (B5champ 
Compt. rend xl. 944.) ^ ^ ^ . 

6(C*H\H.O) + 2 POP « 3C*H*a + 3 HQ + PO».(C»H‘)» + PO*.H». 

With pentachlortde of phosphorus, the products are chloride of etibyl^ hydro- 
chloric and dilorophosphoric acid, PCPO : 

C*H»,H.O + PCI*. CP a (PH*C1 + Ha + pa*.o. 
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14. PentaaMkide o/pkoapkarw^ on tho other hand, conTerta alcohol, not into two 

Bepamte sulphides, trat into the single compound or sulphide of etii^l 

and hydrogen: 

5(C*H* H.O) + I»»S» - d(C»H».H.S) + PK)». 

These last two reactions illustrate in a striking manner, the difference between inon- 
atomic and diatomic elements or radicles. In the former, the single atom of oxygea 
iu alcohol is replaced by two atoms of chlorine, one of which unites with the ethyl, 
and the other with the ^drogen of the alcohol, forming two perfectly distinct chlorides; 
whereas in the latter, the oxygen of the alcohol is replaced by 1 atom of the diatomic 
element, sulphur, which being indivisible, binds together tho ethyl and hydrogen 
into one single molecule of mercaptan. (Compare page 11.) 

15. The bromides and iodides of phosphorus, hydrogen, and the metals, act like the 
chlorides, Hifdrofiuoric acid appears to convert alcohol into fluoride of ethyl. 

1 6. Potassium and sodium rapidly decompose absolute alcohol, 1 atom of hydrogen 
being evolved and its place supphed by the metal ; the resulting compound is an etliyl- 
ato of potassium (C“H*KO) or ethylate of sodium, which crystallisos from the saturated 
solution. The same compound appears to be formed by dissolving hydrate of potassium 
or sodium in absolute alcohol: 

C*HMI.O + KHO = C*H».K.O + H*0 

The solution thus obtained exhibits in many cases the same reactions as that which is 
pn^lnced by dissolving the metal in alcohol. 

1 7 . Alcohol heated witli hydrate of •potassium (or sodium) yields hydrogen gas and 
un acetate : 

C^n^O + Kno « C*H*KO* + 4H. 

To produce this decomposition, n mixture of equal weights of the alkaline hydrate and 
pounded quick lime is moistened wi^h alcohol, the excess of alcohol driven off at 100®, 
and the mixture gently heated without access of air. Hydrogen is then evolved, 
together witli a small quantity of marsh gas, and the residue contains acetate of potas- 
sium, which, at a higher temperature, is resolved into marsh gas and carbonate of 
IHitassium (p. 17). 

1 8. Ahiohol-vupour passed over anhydrous baryta heated nearly to redness, yields 
olrtinnt gas, marsh gas and hydrogen, with a residue of carbonate of barium, 

19. C^ascous vhloride of cyanogen is readily absorbed by alcohol, but does not decom- 
pose it immediately. After a few days however, or more quickly if a little water is 
I>r«'8cnt or if the liquid is heated to 80®, chloride of ammonium separates out, while 
4'hloridc of ethyl, carbamate of ethyl (urethane) and carbonate of ethyl remain in solu- 

The urethane and carbonate of ethyl are formed in the manner represented by 
the two following equations : 

O»H«0 + CNCa + H*0 = + HCl 

Urethane. 

2C*H«0 + CNa + H*0 - CO»(C*n»)* 4- NH«a 

Carbonate of 
ethyl. 

The chloride of ethyl results fiv>m the action of the hydrochloric acid, produced as In 
the first equation, on the alcohol. (Wurtz. Ann. Ch, Pharra. liaix. 77.) 

2f>. Many organic acids when heated with alcohol convert it into compound ethers, 
with elimination of 1, 2, or 3 atoms of water, according as the acid is monobasio 
dibasic, or tribasic : e, g, 

CyH*.H.O + C*H»O.H.O » C«H»0.C«H».0 + HK) 

Alcohol, Acetic acid* Acetic ether. 

2(C»H*.H.O ) + C0«.H».0» - C0»(C»H*)»0; + 2n*0 

Alcohol. Oxalic acid. Oxalic ether. 

8(C*H».H.O) + C^K)* H*.0* - CTI»0«.(C*H»)» O* + 3IPO 

Alcohol. Citric acid. Citric t tbrr. 

With some acids, s,g, acetic and butyric acids, the transformation is e^y effected; 
with others, as oxalic and faippurie acid, it takefl a considerable time : in other oases 
sgain, as with benzoic acid, no ether is formed when the acid and the alcohol are merdy 
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together ; but on passing hydrochloric gas into the alcoholic solutfon of the 
acid, ^e ether is quickly fV)rmcd. In this case, chloride of ethyl is first formed end 
afterwards decomposed by the organic acid. Other strong mineral acids, such as std- 
phnric acid, also facilitate the formation of these compound ethers. 

Many polybasic organic acids form acid ethers when digested with alcohol ; thus 
tartaric acid forms ethyl-tartaric acid 

The anhydrides of monobasic acids quickly convert alcohol into the corresponding 
ethers. (See Dictionary of Aris^ Manufactures^ and Mines.') 

Compounds of Alcohol. Alcohol has a very strong affinity for wate^, and mixes 
with it in all proportions. The mixture is attended with slight evolution of heat, and 
also with contraction of volume, which gradually increases till the mixture contains 
116 pts. Water to 100 pts. alcohol. Strong alcohol absorbs moisture fi*om the air. It 
abstracts water from the moist parts of the animal bo^, and coagulates them if they 
are of albuminous nature; hence its use in the preQjdr^tlon of anatomical preparations. 
From tlio same cause it destroys life in the veins. 

Alcohol dissolves iodine and bromine ; also sulphur and phosphorus in small quan- 
tities. Gases for the most part dissolve ip alcohol more readily than in water. (See 
Gases, AnsoapTioN of.) Salts are, generally speaking, less soluble in alcohol than in 
water ; indeed many salts quite insoluble in alcohol are easily soluble in water ; e. g. 
the alkaline carlwnntes and sulphates. Chloride of mercury is, however, an exception 
to the general rule, being more soluble in alcohol than in wa.or. Inorganic compounds, 
sparingly soluble in water, are, for the most part, quite insoluble in alcohol; so likewise 
are effiorescent compounds. Ilut all deliquescent salts, excepting carbonate and phos- 
phate of potassium and a few others, are soluble in alcohol. 

Since alcohol does not dissolve all compounds which are soluble in water, it follows 
that many substances, when dissolved in alcohol, do not exhibit the same reactions- 
towards other substances as when dissolved in water. Thus many acids, when dis- 
solved in absolute alcohol do not redden litmus or decompose carbonate of barium or 
calcium, probably because the resulting calcium or barium salt would be insoluble in 
alcohol. 

Alcohol readily dissolves resins^ ethers^ essential oils, fats, alkaloids, many organic 
adds, and in general, all substances containing a larger proportion of hydrogen. 

Alcoholates. Alcohol unites in definite proportion with several salts, forming 
crystallisablo compoiinds, which however have but little stability and are almost aU 
decomposed by water. These compounds were first obtained by Graham. (Graham, 
Phil. Ma^. Ann. iv, 265. 331; Sinbrodt, Ann. Ch. Pharm. Ixv. 115; Chodnew, 
ibid. Ixxi. 241; Lewy, Compt, rend, xxi. 371; Kobiquet, J. Pharm. [3] xxvi. 
161.) ^ ^ ^ 

Nitrate of magnesium dissolved in alcohol forms, on cooling from a boiling hot solu- 
tion, a crj’stallino mass liko margarin, containing 6C*H*0.(NO")*Mg, 

Fused chloride of caldum dissolves in absolute alcohol, and the solution, if surrounded 
with ice, deposits ci^stals containing 4C*II®0,CaCl*. This compound subjected to dry 
distillation yields nothing but carburetted hydrogen. If the alcohol contains a small 
quantity (about 1 per cent.) of water, the solution yields by evaporation sometimes a 
crystallino mass, sometimes a syrup, which dries up in vacuo to a white amorphous 
mass. Both tlie crystals and the syrup contain 4C*H*0!3CaCl® + 2H’‘0, 

Chloride of zinc forms with absolute alcohol a ciystalline compound which contains 
C’H^O.ZnCl, and yields when heated, alcohol, chloride of ethyl, hydrochloric acid aud 
oxide of zinc, but no ether. 

Dichloride of tin and absolute alcohol, brought together in a vessel immersed in a 
freezing mixture, unite immediately, and on evaporating the solution in vacuo, over 
sidphuric acid and sticks of potash, crystals are formed containing 4C*H*0.Sn*Cl®0. 
Tpe cr^tals are very soluble in alcohol. They distil at 80° almost without decompo- 
By cooling a mixture of 11*5 pts. of anhydrous alcohol, and 32’4 pts. 
of dichlonde of tin in a frigorific mixture, Booiouet obtmned a white powder which, * 
wlien dissolved in alcohol, yielded by evaporation in vacuo over sulphuric acid, cxystals 
coutoming 2C*H®O.SnCP. ^ .7 

• l^ryta, alcohol forma the compound 2C*H*O.BaO, which is obtained by add- 

ing ^hydrous baryta to absolute alcohol, filtering, and again adding baiy ta. If the 
alcoholic solution be then boiled, the compound separates in the form of agrantdar 
precipitate which rcdissolves on cooling. Water added to the solution throws down 
of banum. (Bertbelot, Ann, Ch. Phys. [3] xlvi. 222.) 

rae following mbstspnees also fom crystalline compoimds with alcohol : sesquichloride 
nitrate of calciom, and protochloride of manganose^ 
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The alcohiol In nil theie oonq^nnnda may be reguded m nnalogoiia to water of aja- 
bdUuUau 

ji&OOHOMMJMifl. This name u frequently applied to the oiganio bases pro* 
dnced by the substitution of aloohol-radides for the hydrogen in ammonia; sucht ae 
ethylamine, phepylamine, &e, (See Amenss.) 

AACOKO^iOSUTST* (Alcoom^rie.) ^e value of iiq>irituous liquors depends 
upon the quantity of alcohol which they contain. This may be determined in various 
ways ; viz. by the specific gravity of the mixtuze, by its boiling-point, by the tension of 
its vapour, by its rate of expansion, and by estimating the proportion of car^n contained 
XU it by combustion with oxide of copper. But of all these methods, that which depends 
upon the density is almost always employed for practical purposes, other methods ^ing 
remrted to only when the mixtuira' of alcohol and water is associated with foreign 
substances, such as sugar, or coIdiirln|^inatter, or salts, in sufficient quantity to produce 
a material alteration of the density. 

To determine the amount of alcohol in a spirituous liquor by its density, it is neces- 
sary to know beforehand the density corresponding to each particular proportion of 
al^'ohol and water. If these liquids were c^mble of mixing without alteration of 
volume, the specific gravity of each particular mixture might be calculated from the 
projiortions of alcohol and water contained in it. and the known specific gravity of 
ahsoluto alcohol. This however is not the case, ^e combination of alcohol and water 
being attended with a contraction of volume varying in amoipit with the temperature. 
For this reason the specific gravity of each mixture of alcohol and water must be 
determined by direct experiment, and the results collected in tables. 

The importance of this object for the purposes of revenue induced the British 
government to employ Sir Cliarles Blagden to institute a very extensive and accurate 
series of experiments on the density of spirit of various degrees of strength. The 
d4‘terminations, which were made by 0>lpiii under Blagdcn’s direction, were first pub- 
lishc<l in 1790, afterwards twice repeated to obtain greater accuracy, and published in 
the Plulosophical Transactions for 179i. 

The Bpocific gravity of the mixtures of alcohol and water was determined by aecu- 
mtcly weighing a quantity of the liquid in a fiask having a long narrow neck, and 
lillcil with it up to a certain mark, the weight of an equal quantity of distilled water 
having been previously ascertained. In this manner, the specific gravity of 40 mixtures 
vas determined, each at 16 different temperatures. The standard alcohol used to mix 
vrith the water was not absolute, but had a specific gravity of 0*82614 ; for conve- 
t»if*nce, howe'ver, it was supposed to bo = 0*826, a corresponding deduction being 
made from all the numbers in the' table. 


ifABLE I. — Showing the Specific Gravity of Variotts frtiatures of Alcohol (of Specifio 
f Gravity 82600 at 60® Fakr.) and Water at different Temperaiuree^ the Bpecifio Gra- 
I Vity of water at 60® Fahr. being 100000. 
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10 « 100 

grains of grains of grains of grains of | grains of grains of grains of grains of grains of 

spirit to spirit to spirit to spirit to spirit to spirit to spirit to spirit to spirit to 

60 gr. of 05 gr. of 70 gr. of 7» gr. of 80 gr. of 85 gr. of 90 gr. of 96 gr, of iOO gr, of 

water. water. water* water. I water. water. water. water. water. 


30OF. 

‘91449 

36 

91241 

40 

91026 

46 

90812 

60 

90596 

66 

90367 

60 

90144 

65 

89920 

70 

89695 

75 

89464 

80 

89225 

85 

89043 

1 90 

88817 

05 

88588 

100 

88357 



grains of grains of grains of grains of grains of I grains of | grains of | grains of 

Heat. siHrlt to spirit tu spirit to spirit to spirit U» | spirit to 

iCK) gr. of 100 gr. of 100 gr. of tOO gr. of 100 gr. of 100 gr. of 

water. water. water. wutur. water. water. 




40 35 30 » 90 15 

gr.iintof grains of grains of grains of grains of grains of 

spirit to spirit to spirit to spirit to spirit to spirit to 

lOOgr. of lOOgr.of lOOgr.of lOOgr.of iOOgr.of lOOgr.of 
water. water. water. water. water. water. 



5 

grains of 
spirit to 
ICO gr. of 
water. 
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Oilpin *0 tables do not give directly the quantity of absolute alcohol contained in spirit 
of any given density. In this respect* however, they have been completed by tl)h 
expenm.ents of Tralles, who in 1811 (Gilbert's Annalen, xxxviii. 386), detennined 
the stifle gravity of alcohol, dehydrated as eoin|)letely as possible by means of 
chloride of calcium, and likewise the strength of Gilpin’s standard spint* having a 
sneeific gravity of 0*825 at 60® F. He found that the specific gravity of absolute 
iilciohol at 60® F. compared with that of water at its maximum density is 0*7939 (or 
0*7946 compared with water at OOS?) and that Gilpin's standard spirit contains in 100 
parts by weight, 89*2 parts of anhydrous alcohol, and 10*8 parts of wtcr. Proceeding 
ujion these data, Tralles calculated the proportions of absolute alcohol and wafer con- 
tained in spirit of various densities ; file results are given in Table II. p. 83. 

Tlio proportions of alcohol in spirit of wine may lie expressed cither by weight or by 
volume. The former mode Cf ^expression is by far the simpler and more deilnite, 
because tile proportion by weight is independent of the tempera ture, whereas tho 
proportion by volume varies with the temperature, being affected by the different 
ratvs of expansion of alcohol and water. For scientific purposes, therefore, tho 
strength of spirit is always expressed in percentage by weight. In commerce, 
on the contruiy, tho method by volume is always nilopted, spirit being generally 
bought and sold by measure, not by weight. It becomes thert^foro necessary to know 
liow to calculate the composition by volume from the composition by weight and tlio 
oi)st>rved 8p«*eific gravity. 

S be the sjwciflc gravity of the spirit (mixture of alcohol and water) : a tho 
(pi.nitity of alcohol in 100 parts by weight, and tliereforo 100 — a tho quantity of 
water ; F the volume of the spirit referred to a unit of volume, such that a quantity 
of water which fills it is tlio unit of weight (e.y, if tho weight U expressed in grammes, 
r h luoaaured in cubic centimetres) then: 

100 = r , 

If then, the specific gravity of anh 3 'drous alcohol at the observed temperature com- 
jiared with water at the same temperature bo 0 , tho volumes of alcohol and water con- 
I aim'd in tho spirit are : • 

a ■■ " '• 

and 100 — a 

and consequently, the proportions of alcohol and water in 100 volumes of the spirit 
arc: 


M a. volumes of alcohol. 

•a (100 — a) 5 volumes of water. 


a Ijm 
s ' F 
and: (100— a) • 

Per example from the table p. 86 it appears that spirit containing 77*09 per cent. t)i 
ali'ohol by weight has at 60® F. a sp. gr. of 0*8555, referred to water at the same tem- 
1 ‘•mature, and the .specific gravity of alwolute alcohol referred to tho same standard 
0*7946 : hence tho percentage of alcohol by volume is : ^ 

8555 
' 7946 “ 

and the percentage by volume of water is : ’ " 

(100 — 77*09) . 0*8655 « 22*91 . 0*8555 - 20*60 
tho whole being measured at 60® F. 

Tho volume of idcohol and water thus obtained amount together to more than 100, 
in the pi^eding example to 103'60 ; and accordingly, if 83*00 measures of alcohol bo 
mixed with 20’60 measures of water, both at 60® F., the mixture, after it has cooled to 
09^ F., will fill exactly 100 measures, and the spirit thus produce<l will contain 
83 volumes per cent, of alcohol. (Hespecting the contraction which takes place on' 
mixing alcohol and water in various proportions, see End berg, Pogg. Ann, xiii. 190 ; 
al^^ Kopn, ibid. liii. 366.) ee * 

When the volume per cent, in a mixture of alcohol and water ii given, thi weigfati^ 
per cent, is found from (he equation : * 

^ *-’^ 5 ■ ' ' 

Thus, according to the 1 


table (p. 85)spirit containing 68 Tolumes per cent, of aleobol 

“ss X sp. gr. of 9*8949 at 60® F. Hence ihe^ireight per cent, of aMohol is : 


08 


7946 

8949 


« 60*38 


4 . ' 

IS to aay : 100 lbs. of thi# spirit contain 69*38 lbs. of alcohol and 39*62 Iba. of water. 

0 2 
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The specifio gwTity of aqueous alcohol may be determined by any of the otdxiiaiy 
methods ; either by weighing in a specidc gravity bottle, or by means of the hydrometer 
(^e Spboxfio G-ravitt and Hydbombter) and thence the percentage of anhydrous 
alcohol by weight and by volume may be determined by means of the preceding finrmulm 
and the tables to be given hereafter. To facilitate these determinations, hydrometers 
are constructed with scales marking directly the percentage of alcohol by volume, and 
sometimes also by weight, of the spirit in whicm they are immersed. Such instru* 
ments are called Alcoholometbrs. Three of them are in use, viz. the alcoholometer 
of Tralles, which gives the percentage volume for the temp^ture of 60° F. 
» 12|^ It. » 16|{ 0. ; Qay-Lussac’s alcoholometer, which likewise indicates percentage 
by volume at 16° C.; and Meissner’s, which gives percentages both by weight 
and volume, the latter for the temperature of 14° R « 17 '6° 0* 

As the B<^es of these instruments^are constructed for dif^Slent temperatures, they 
cannot be expected to agree exactly; but the differences arising ^m this cause are 
trifling. Greater discrepancies however arise firom the different experimental data 
upon which the scales have been constructed ; that of Tralles beinp founded on the 
exact and extensive observations of Gilpin, and Meissner^s on experiments of bis own. 
Gay-Lussac has not stated on what experimental data his observations are founded, 
but his numbers agree veiy nearly with those of Tralles, the differences never exceed- 
ing 4 per cent, for the same specie gravity. 

The following table mves the percentages of anhydrous alcohol both by weight and 
volume of mixtures of alcohol and water, according to their specific gravity as determined 
^ Tralles &om the observations of Gilpin ; also the specific gravities as determined by 
cTay-Lussac. They are deduced ffom Tralles* mtmbm by multiplying by 1*0009. 
The corresponding indications of the hydrometers of Beck, Banmd, and Cartier, are 
likewise added* 


tabir n. 
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Table II. (conMniw^' 


VotumM 
per cent, 
accord- 
InaU 
Trailet. 

Wei(lita per Mot. 

Specific OraTitict 
according to Oflpln 
■t 6(P 

Specific Qravltles 
according to 
IrUfMC at 15" C. 

Dejreei of 

Hydro- 

meter. 

83 

27-27 

0-9618 

0-9656 

6*8 

34 

28-13 

9605 

— 

7-0 

35 

28-99 

9592 

9595 

7-2 

36 

29-86 

067 » 


7*5 

87 

30-74 

9565 


7-7 

38 

31-62 ^ 

0550 


8*0 

39 

32-50 

9636 


8-3 

40 

33-39 

9519 

0523 

8*6 

41 

34-28 

0503 


8*0 

42 

35-18 

0487 


9-2 

43 

36-08 

9470 


9-5 

44 

36-99 

9452 


9‘8 

45 

37-90 

9435 

9440 

10-2 

46 

38*82 

0417 


10-5 

47 

39-75 

9399 


10-9 

48 

40-66 

9381 


11-2 

49 

41-59 

9862 

— 

11-6 

50 

42-52 

9343 

9343 

11-9 

51 

. 43-47 

9323 


12-3 

52 

44*42 

9303 

... 

12-7 

53 

45-36 

9283 

.... 

18-1 

54 

. 46-32 

9262 

... 

X 3-6 

65 

47*29 

9242 

9248 

13*9 

56 

48-26 

9221 


14-3 

57 

49*23 

9200 

... 

14-8 

58 

50-21 

9178 


15*2 

59 

51-20 

9156 

— 

15*6 

60 

52*20 

9134 

9141 

16-1 

61 

53*20 

9112 


lG -5 

62 

54-21 

9090 

... 

17-0 

63 

55-21 

9067 


17-5 

64 

56-22 

9044 

.... 

18-0 

65 

57-24 

9021 

9027 

18 - 4 * 

66 

59*27 

8997 


18 - 9 * 

67 

59*32 

8973 

... 

19 *4 . 

68 

60*38 

8949 



69 

61*42 

8925 

■ — 

70 

62-50 

$900 

8907 

m -0 

71 

63-58 

8875 


81-5 

72 

64-66 

4 8850 


22*1 

73 

65-74 

8824 

• ■■ 

22*6 

74 

66*83 

8799 


23-2 

75 

67*93 

8773 

8799 

23*8 

76 

69-05 " 

8747 • 



. 77 

70-18 

8720 


78 

71*31 

8693 


25*6 

79 

72*45 

8664 


86-2 

80 

73*59 

8639 


iw ■ 

61 

74-74 4 ^ 

8611 



82 

75#1 

8583 



83 

77*09 

8555 

... . 

86 *7 I 

84 

78«29 

8526 

— ':»«( 

29*4 

85 

79-50 - 

8496 

8603 « 

^ 30*1 

86 

80-71 

8466 


30*8 
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Tablb II. {continzied). 


Volumes 
per cent, 
accord- 
ing to 
Tratlei. 

Weight* per cent. 

Specific Gravitte* 
according to Gil- 

pin at G0°ssal W** C 

specific GraTitie* 
Mccording to Gay- 
Luaaac at 15*’ C. 

Degrees of 
Beck*t Hy- 
drometer 

Degrees of 
Baums*# 
Hydro- 
meter. 

Degrees of 
Cartier's 
Hydro- 
meter. 

87 

81-94 

0*8436 

0-8502 

31*5 

37 

35 

88 

83*19 

8406 

— 

32*2 

■— 

— 

89 

84*46 

8373 

— 

33*0 

38 

36 

mm 

86*75 

8340 

8346 

33*8 


.... 

91 

87*09 

8306 


34-7 

39 

37 

92 

88*37 

8272 


36*6 

40 

38 

93 

89*71 

'8237 


36*4 

41 

— 


91*07 

820l«t . 


37*3 

— 

39 

95 , 

92*46 

8164: 

8168 

38*2 

42 

40 

96 

93*80 

8126 

— 

39*2 

43 

— 

97 

95*34 

8084 


40*3 

44 

41 

98 

96*84 

8041 

— 

41*6 

46 

42 

99 

98*39 

.7995 

— 

42*7 

46 

-43 


100*00 

7948 « 

7947 

43*9 

47 

-r^ 


The TiBe of this table may be extended to intemltodiate numbers by interpolation. 
Thus, if it be rcqui^ to find the composition by volume of a mixture of wibs.' of 
anhydrous alcohol iand 60 lbs. of water, we find from the table that i 

49*23 p. c, by weight corresponds to 67 p. c. by voluha^^X 4i 
and : 60* 2 „ „ 68 „ * 

difference 0*98 and I 


Hence, to find the fraction which iKust be added to the number 67 to give the percent- 
age required,, we have the proportion: 

0*98 : (50 49*23) = 1 : ar 

77 

which gives : a* t=s ~ 0*8 


Whence 4t appears that 100 volumes (measured 'lit 60® F.) of a spirit containing equal 
weights of alcohol and water contain 67*8 volumes of alcohol, also at 60®. 

Again, let it bo required to find tlie composition of a spirit having at 60® Fahr. the 
specific gravity 0'8966, compared with water at the same temperature} this number is 
intermediate between the numbers 8949 and 8973 in the third column of the table, 
which correspond to the volume per cent^gea 67 and 68 ; hence the' proportion ; 


which givet 


8973 - 8949 : 8973 - 8966 =. 1 : x 

* 


that is to say, 100 meairares^of spirit of sp. 0*8966 at 60®Faibr* contain 67f measures of 
anhydrous alcohoL * ' 

Meipnor^s results are given ip his ‘^Araometriein ihrer Anwendung auf Chemie und 
Tecbnik,’* Wi^ Th. ii, 27. They differ somewhat from the preceding. 

Tanui Ili {according to Meissner) of Hydrated AXoohol containing 


...J 

'Alcohol 

By Weight. ] 

By Volume. 

PatU/^^ .i . 

> ; At C. 

At 17*6® C. 

At SO® C. 

At 17*6® C. 

■■ i- 

■ 10 ® - 

0-791 

0*793 

0-791 

0*793 

'■v 

0*806 

0*801 


0-811 

’90 

0-818 


0-824 

0-828 

is 't, 

0‘83l 

0-835 

0-839 

0-843 

. - SO 

0-843 

0-847 

0-864 

0*867 

76 

0*866 

0-869 

0-867 

0-869 

70 

0*808 

0*870 

0*880 . 

0-883 
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TAma IL a, (ctmtinued). 


Aloobol. 

Bj Weight 

By Volume. j 

IMa 

AtMPC. 

At IT**® C. 

At 80® C. 

At 17*6® 0. 

65 

0*880 

0*883 


0*893 

0*890 

60 

0*892 

0-89fi 


0-906 

0-907 

65 

0904 

0*906 


0-0X7 

0*919 

60 

0*915 

0*917 


0*928 

0*930 

45 

0*026 

0-928 

M 

0-938 

0*940 

40 

0*937 

-i, 0-939 


0*947 

0*940 

35 

0*947 

0*948 " ^ 


0*955 

0*958 

30 

0*955 

. a-06# *' 


0*963 

- 0*964 

25 

0*963 



0*969 

0*070 

20 

0*970 

o-9n 


0*975 

0*970 

15 

0*977 

0-977 


0*981 

0*980 

10 J 

0*984 

0-983 


0*987 

0*980 

5 

0*992 

0-991 

L - 

0*998 

0*998 

0 

1*000 

i-o<» 

h- 

1*000 

I'OOO 


TABia IL h.-^Th» following TMe U given hy F&umSk (Manu^ ^iOheaiuttry, Srd 
p, ^91). the Bgecifio Gravitiee being taktn at W*0® O# Pabr. 


Percentage 
by wi'ight. 

Speciflc Orally. 

Percentage 
by weight 

Specific Oravityt 

Fercentega 
by welgSt. 

Specific Gravity* 

0*5 

0*9991 

34 

O-Wll 

68 

0*8769 

1 

0*9981 

35 

o-Wo 

69 > 

0-8746 

2 

0*9965 

36 

owo 

70 , 

r 0*8721 

3 

0*9947 

37 

W 0-9402 

71 

0-8660 

4 

0*9930 

38 

' 0*9434 

.72 

0*8672 

5 

0-9914 

39 

0*9416 

78 

0*8649 

6 

0*9898 

40 

0*9396 

74 

1-8626 

7 

0*9884 

41 

•• 0-9376 

75 

^F8608 

8 

0*9869 

42 

0*9356 

76 

0*8581 

9 

0*9855 t 

43 

0*9335 

77 

0*8557 

10 

0*9841 

44 

0*9314 

78 

0*8533 

11 

12 

,0*9828 

0*9815 

45 

46 

. 0-9292 
?•« 0-9270 

79 

80 

0*8508 

0*8483 

13 

«-9802 

47 

. P9249 

81 

0*8459 

14 

0*9789 

48 i 

0-9228 

. 82 

0*8484 

15 

.0*9778 

49r . 

0*9206 


V 0*8408 

16 

0*9766 

50 /P 

fe 0*9184 f 

■■ 

i^fj?0*8382 

17 

0*9753 

51 

0*9160 S 


0*8357 

18 

0*9741 

52 

0*9185 


0*8331 

19 

0*9728 

53 

0*911% 

S7 

0:8305 

20 

21 

0*9716 

0*9704 

54 

55 

0*9090 
0*9069 ^ 


0*8279 
: # 0*8254 

22 

0*9691 

56 

0*9047 



23 

0*9678 

57 

0*9025 


^ * 0*9199 

o-«» 

24 

0*9665 

58 

0*9001* 

92 ^ 

25 

0*9652 

59 

0*8979" 

93 

. 0-8146 

26 

0*9638 

60 

0*8956 


i).i 0*8116 

27 

0*9623 

61 

0*8932 

W V 

0*8089 

28 

0*9609 

62 

0*8908 

96 

0-8M1 

29 

0*9593 

63 

0*8886 

97 

0*8081 

30 

0*9578 

6 ^ 

0*8863 

98 

0*8001 

31 

32 

0*9560 

0*9544 

65 

66 

0*8840 

0*8816 

09 

100 

0*'^^ 

33 

0-9528 

67 

0*8798 
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8g ALCOHOtOia^T. 

It ia often neceeeary to take the apedio gmyity cf at a temjHifatim»_djftg|§ 
ftom the standard, to that ewe, the percentage <rf alcohol may he deteCBmiadhf fliilM 
of the two following tables, given by Tralles. 

m, _ Speci/lo eravity of Sp^ of different etrengtha eU 

30® Fahr. to 100® Fdhr. that of Water at 89-83 Fahr. bang m lOOOtt. , - 

































^ ^ [ to be oomptred irlth tliAt 

fji tbe dwieiCyr «id to be corrected for tbe ex^aBeion of the vete^ 

with which the dctennmeitioii hi made. .These denmtiea may be leda^M 

S ^ •* ®®* *’• t** “ ■“ 

WitieaiMirf thk table the etoeagffi (rf • s^t, when rfther tte ipeeilto 
otHmd temperatiire is BOtgiTeB exaw^ as in the tablee, we proceed by interpo* 
faRnV ftt the sifeSaonB coimeeM aiS^able IL (p. W.) if neither tempo* 
fatnie nor is exactly given in'tite table* the calcolsjum is m^e as in 

it be z^miMd to ilnd the strength of a q^t of q^ gr. 

M|i21at7.rl^^^’ _ . ^ ^ 






at IBP F. 

9367 

6272 


Spadflo Orarltf 


atBflPPi 

9347 

9261 


21 - - 


“M 

96 

|l'.fcr77®,P.,Mdfor: * . 

46 p. is 9867 i 

' " iit ^ J ' 

* vsf »**• 

60 • 

( ^ « V203-0 



Caning this dpnenee 96. it foUow(^*flt^ lneadi^ 
sponds at 77® I^a diflferenpe pf 19 fo the.||»4i^g»ai 
per cent of al^cd ooiTeqiondiiig to the^|g|ctfio 

* ■ i' ■ V-SM - 2* '■■'■>■' 


„ eent of alcohol theca i 
\ and consequently the tolnaa 
9821 is 


46 


9369 - 9321 





2ll3io normal tm* 
alcohol; this is 
»hoI and water ex* 


This result shows thlW the spirit in ^ 
perature of 60® K oontaipf in ^ a 
not however, the actual ]Jfi^rjooa , , 

pand at difibrent rata. / 

Table IV. exhibits^ the same manner as fii^IH.H6h^ sgp^ 
to ils specific gravity, but on the suppositiOB ^e ips^^ g**wy isj||ter^ed 
with a glass instrument and iS n63^! corrected 29 S>Jl^s expins^pn wn C2W* 
the expression “ apparent speciflo^gpavi^.'* ^ ^ , . . . W Z:i^ 

If the specific gravity a sample of Jpnt hM^^® deto|nm^.|t W nwmani|^ 
and its volume measured at another, "48ie amouwof alcohol in it any j“ 

in the foUowmg example: 360 of epirit aie mwwi^ont at and the 

specific gravity determmcd with S fi^ass instrument at 66- F. is 0*8609. By Tabh IV, 
the strength of this spirit is 80 per that is to say, 100 volume of it mewu^ at 
60® F. ooitoin 80 volf of alcohol feTable IIL the specific gravities of spmt of 80® 
percent, for the temperatures 60^na76® are 8631 *^“d6660. Consequentl^hevolum^ 
of agiven weight of^e spirit atiK)® and 76® areas 8660 ; 8681. and therefore the 860 

quarts of Spirit would, if cooled to 60®. measure 360 x "* 347*12 quarts ; snd this 

volume of liquid at the strength of 80 pa cent, contains 277 7 of ml^hoL 

To ensure perfect accuracy, the expansion of the vessel in which the spmt ismeasurw 
ought to be taken into account; but for commercial purposes, to which calculations of 
this kind chiefly apply, th is correction is too small to be of any importanoft 

The quantity of alcohol of 60® P. in 100 volumes of roirit of ^ Mine {eapew^ 
• »caUeithee^rewM(5^>Xs;/oraf).oftheBpmt; and ^eqimntity of alcohol of 60® R 
in 100 Volumes <? spirit of any given temperature is called the realtmufunt afalwM 
(wal^ Jflhholgehalt; rickease). Thus in the example just given, the strength of the 

Spirit is 80, but the real amount of alcohol is ^ 

»ho foUowing Tablee, V. and VL. exhibit the sirmM and the real amount of al^M 
of a MK^ of niirit, according to the indications of the alcoholomi^ and tiw ther- 
mometer. It for example, the alcoholometer marks 76 J J f 

temperatnre is 60® F,. we find ftom line 16, oolmnn 6, of TaWe 
of the^^ is 76*7, and fltMn the coamvonding place in Table Vt that its real amount 
of aloohol is 77*1 per cent* 



90 ALCOHQLOMETEf . 

Tablb yf, ---Bhomng the Amount of Alcohol which a given eam^U of Bjpirit would 
contain at 60 ^ F, according to the indication of a glaea JkoholoTnetert immcreed in i^ 
at any other temperature* ' 

I Strength of the Spirit, when tested by the Alcoholometer at the following temperatliret. L 



The scale of Tralles alcoholometer is constructed as follows. Suppose the cylindrical 
OT prismatic stem of the instrument to be divided into a number of equal parts, of 
arbitrajy length ; and let t> be the volume of that portion of the neck between two 
consecutiTO ^^sions ; r the volume of Uquid of sp. gr. I, displaced by the alcoholo- 
meter, and P the weight of the alcoholometer; then 

p = F. 1. -y 

If now the division to which the instrument sinks in ?«S'liquid he marked 0, the 
being numbered upwards therefrom, and if the hietrument be immersed in 
spirit of specific gravity s to the mark «, we have * • ' 

. . , .. -P (F -f 

wtueh equations give, 

r= (r+ »,),,«« = fi _i\ .Z. !r£ 

V \f ) V a 





























AIXiOaOLOMETRY. W 


The ailulwy. qwmtily « ia fixed Tralles ftt 8ui^ a .magnitddo tlwt 

N - 10000 

Now for 60^ F. the Bpeeific gravity of water compared with that of watmr at ita vkaal^ 
mum density (Table L) is 0*9991 : hence for the division in which the instxhmflni 
sinks in pure water at 60^, we find, 


10000 


■- 9 . 


Again, spirit of 80 per cent, has at 60*^ F. the sp. gr. 0*8631 : hene^^'^ 
to which the instrument sinks therein, we have 


the ^iiTistoii 


aoooo 


1 -.0*8631 


- 1687, 



0*8631 

and in like manner the values of the other divisions of the scale misfl 
are given in Table VII. ^ ^ 

To graduate an alcoholometer by means bf this table, th# 
morsed in pure water at 60*^ F., and the point of the stem to whiet^JBM^^s is tnmkeid 
9. It is next immersed in spirit of known strength, and the poiiit s|Hed to whic^ 
it sinks when the liquid is at 60® F. Thus if spirit of 90 per eent. I»a jisa^ the auni- 
her of the division will be ^ 

■ 1-0*8340 

n « 10000 • 0*8340 “ 2002. ,r ^ 

The interval between these two marks is than to be divided into' Htte 
equal parts, and the divi|lonfl continued upwards as fkr as 2697, whicttOoTingH v 
to absolute alcohol. The percentages in the. first column of Table^ VII; arCwS^ 
marked on the scale by the side of the numbers of the divisions ^ the seedhd 

column, , , •n • • k 

To verify the scale of an alcoholometer already divided, the s^ciflc gravities of a 
number of samples of spirit varying in strength by nearly equal intervals between 0 
and 100 per cent, may bo <letermined by any of the ordinary methods ; the correspond- 
ing strength found from Tables I., IL, or III.; the temperatu^s of them aU then 
reduced to 60® F, ; and the alcoholometer immersed in them m order to ascai^in 
whether ita indications agree with the strengths so determined. The interine(uate 
points may be tested by comparison with the numbers in the columns of Table VII. 
marked “Differences." 


Taulb VII. — Alcoholomeier-scale Jbr Vblu^$ Cent, at 60® F, 


Amount 
of Alcohol 

Vo^me. 

Length of 
linineraod 
pare of 
ittera. 

Differ- 

ences. 

Amount 

of Alcohol 

by 

Volume* 

Ijcngth of 

imntericd 

part of 
Stem. 

■ at;.-.- 

XMflInr. 

enoM. 

- 

Amount 
of Alcohol 
by 

Volume. 

Length of 
Iromeried 
part of 
Stem. 

Diflbr- 

«UC«f. 

0 

9 


22 

277 



688 

HEB 

1 

24 

15 

23 

288 

11 


608 


2 

39 

16 

24 

299 

11 


628 


3 

64 

16 

26 

310 

11 


648 


4 

68 

14 

26 

321 

%11 


609 


6 

82 

14 

27 

332 

11 


690 


6 

96 

13 

28 

344 

12 


712 


7 

108 

13 

29 

366 

11 


785 


8 

121 

13 

30 

367 

12 


768 


0 

133 

12 

31 

880 

13 


782 


10 

146 

* 12 

32 

393 

13 

64 

806 


11 

157 

12 

33 

407 

14 

66 

830 


12 

169 

12 

34 

420 

13 

66 

864 


13 

180 

11 

86 

434 

14 

67 

879 


14 

191 


86 

449 

16 

68 

905 


16 

202 


37 

466 

16 

69 

931 

20 

16 

213 


38 

481 

16 

60 

967 

26 

17 

! 224 


89 

498 

17 

61 

984 

27 

\i*- 

236 

245 

y) 

40 

41 

616 

633 

17 

18 

62 

63 

1011 

1039 

27 

28 

20^ 

266 

.10 

42 

661 

18 

64 

1067 

28 

fit 

266 

10 

43 

669 

18 

66 

1096 

29 
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ALGOHOLOMETRY. 


Tma yil~leoniimie^ 



Lenotli of 
Immerted Differ* 
port of eneei* 
Stem. 



Diffier- 

enoei* 

Amount 
of Alcohol 
..by 

Volume. 

Length of 
immeried 
pwt of 
Stem. 

Dlflinr. 

encee. 

36 

90 

2002 

47 

86 

91 

2050 

48 

37 

92 

2099 

49 

87 

93 

2150 

51 

38 

94 

2203 

63 

39 

95 

2259 

56 

39 

96 . . 

2318 

59 

41 

97 

2380 

62 

42 


2447 

67 

43 

99 • 

2519 

72 

44 

45 


2597 

78 



The following is a similar taUe for percentages by weight. 




















AlMnOhOmTRY. 


YaHow otto Hydzometfin or amometem to also naed fbr 
taking the ij|i^e grari^ and aseeitaiimig the strength of 
spirits. Sikera liydrometer is the one nsdin leTyingthe 
spirit dntj in this countzy. This instroment bos a Ibor* 
sided stem 6, ditided into 11 equal parts, and fitting into * 
brass ball a, which carries at the bottom a small oonicaTstem O, 
terminating in a pear-shaped loaded bnlb. It is also pro* 
vided with 9 circutaF weights, numbered 10, 20, 80, 40, 60, 60, 
70, 80, 90, harii^ slits by which th^ fit into the stem. Ifhe 
instrument is a^usted so as to float with the sero of the s^e 
coinciding with the surface of the liquid in spirit of specific 
gravity 0*826 at 60^F. which is the '* standard alcohol** of the 
excise (p. 82). In weaker spirit it will not sink so low; and if 
the density if the liquid be much greatel^ it will be necessary 
to add one or more of the weights, to cause the entire immer- 
sion of the bulb. The sum of the numbers of the wms^ts tov; » 
gether with the nuilsber on the scale which is at w levali 
of the liquid, give^ hy means of a table provided for the 
purpose, the amount of proof smrit^ in the sample, proof 
spirit being, according to Act of ^Parliament, such as at 61^ 
Fahr. weighs ^ as much as an eqnal hulk of water, or in other 
words has a specific gravity of 0*923077 at 61^, or 0*919 at 
60 OF. 





e o 


When spirit is said to be 30 per cent, (for example) above 
proof the meaning is, that 100 measures of this spirit, 
when diluted with water, would yield 130 measures of proof 
spirit ; on the other hand, spirit 30 per cent, below proof 
contains in 100 measures, 100^30 or 70 measures of proof 
spirit. 

It is often required to find the quantity of water which must be added to spirit 
containing a given percentage of alcohol in order to reduce it to a lower percentajro. 
If the actual and reqaired amounts are given in weights per cent,, a and a\ the wei^t 
a of water to be added to 100 lbs of spirit to reduce tne percentage of alcohol tom 
a to is given by the proportion : 


100 •(- « : a » 100 : a\ 


whence x » 100 — 1 j 

If, fop example, spirit containing 90 lbs. of alcohol in 100 lbs. is to be reduced to 
spirit containmg 60 lbs. per cent., the quantity of water required is 

100 - 1 j - 100 X 0-6 - OOlba, 

Next, let it be required to find what volume of water must be added to 100 
volumes of spirit containing v volumes per cent of alcohol to reduce it to o' volomea 
per cent 

If P he the weight, and 8 the specific gravity of the spirit wo have : 

P « 100 8, 

and if to this we add w volumes of water, the weight of which will sIm be to (its 
specific gravity being 1), we obtain a volume V of spirit, whose specific gravity may 
ti denoted by and its amount of alcohol in volumes per cent hy o'. Then, 

p + io«iioo5+to» rs'. 


and F : 100 - o : o'. 


OP, r 100 • 

because the diluted qiint still contains the o volumes of alcohol whidi wm present la 
the liquid before dilution* From these two equations we find 

*- 100(5 

For to reiuifoa^t of 80 volumes pw e. to spirit of 40 volumes p. & wa find, 

(S • 0-06W- 0-8689) - 108-W 

00 that 100 measures ^'die givmupirit require 103’99 measures of water at 60®F. la 
reduce them fitom 80 fo 40 per cent 



ALCOHOLOMETBit'. 

The Tolnme of dUuted apirit produced by the mixture ia 


9* 


vf 


ipo| 


80 


In the examplejuetgivwt, 10 ?'^ “ lew thfcefow then the mm of 

*^On*ttre^^eiprcs’jus?e^Wn^ the numbers in the foUowing table ^ calculat^ 
It must bo obsc^cd,' however, that the specific graviUes are given as d^nmn^ by 
Oay-Luasac, and correspond to 15° C. on which account the result of the calculahon 
lust given does not agree exactly with the n^ber in the table. , ,, , 

The oriffinal volumes per cent- of the spirit are placed at the tops of the columns, 
and the pm-centages to wliich they are to be reduced in the first column of the table. 
Thus to find how much water is required to reduce spirit of 75 per cent, to 40 per cent, 
look in the column headed 70 for the number on a level with 40 m. the first column ; 
we thus find that 77*58 volumes is the quantity of water required; 


T/lble IX.^—Skowiny the quantity of Water required to reduce 100 volumes of a 
stronger spirit to a Spirit of loiocr strength. 



90 

85 

80 

75 

7^ 

65 

60 

55 

60 

85 

6*56 









80 

13-79 

6-83 








75 

21-89 

14-48 

7*20 







70 

31-05 

23-14 

16-35 

7*64 






66 

41*63 

33*03 

24*66 

16*37 

8*15 





60* 

63-05 

44-48 

35*44 

26*47 

17*58 

8*76 




55. 

67*87 

57*90 

48*07 

38*32 

28*63 

19*03 

9*47 



60 I 

84-71 

73*90 

03*04 

62*43 

41*73 

31*25 

20*47 

10*36 


46 

105-34 

93*30 

81*38 

69*54 

67*78 

46*09 

34*46 

22*90 

11*41 

40 

130*80 

1 117*34 

104-01 

90*76 

1 77*68 

64*48 

61-43 

38*46 

25*56 

36 

163*28 

148*01 

132-88 

117*82 

102*84 

87*93 

73*08 

58*31 

43*69 

.30 

206-22 

188*57 

171-05 

103*63 

136-04 

118*94 

101*71 

84*54 

67*45 

26 

206*12 

245-16 

224*30 

253*61 

182-83 

162*21 

141*65 

121-10 

100-73 

20 

355*80 

329-84 

304-01 

278*26 i 

262-68 

226*98 

201*43 

176-96 

150-55 

15 

506*27 

471*00 

436*86 

402*81 

368*83 

334*91 

301-07 

267*29 

233-04 

10 

804-54 

753-65 

702*89 

651*21 

601*60 

651-06 

600*69 

460*19 

399-85 


A similar but much move extended table for tliis purpose is given by Gay-Lussac. 
(See llaudwortcrbuch d. Chem, i. 604.) 

To determine what quantity of a weaker spirit must be added to a stronger one to 
provluce a spirit of given mean percentage, we proceed as follows. 

Lot bo tlie v<.*lume of alcohol in 100 measures of the stronger spirit, S its specific 
gravity, and P its weight. Also let be the volume of the weaker spirit added, iqits 
percentage of alcoiiol, its Bpocifi.e gravity, and Pi its weight j and lastly, let bo 
the volume of spirit resulting from the mixture, its percentage of alcohol, S^ its spo* 
eifle gravity, and Pa it** weight. Then : 

P - 100 5 ; Pi = Fi^i : Pa -= P + Pi 


V* ^ -T- r i^i 

The quantity of alcohol contained in this mixture is, 

Vx 

But since the mixed spirit is to contain volumes per cent, of alcohoL this qnantitj 
of alcohol is also represented by 

Va 

IT 1 • 

llenco the equation : 

r.t'a = 100 tf + F,t»i . ; . . (2)i 

And eliminating F. between the equations (1) and (2), wwhttv^ . 

100 S+F.S, 

— — V, = 100 e + F,l^ ' 




whdiioo Wd/obtain: 

* f too -s^ma 

ii., a>. ', . — ^ 


The numerator of this fraction is the quantiiqr oi water wmcu must bo added to 100 
volumes of the stronger spirit to produce a spirit of the required strength. The de^ 
nominator may be written in the form, 




and is therefore the volume of water which must be added to volumes of spirit con- 

taining Vj, per cent, of alcohol to bring it to the percentage ’ 

To determine the amount of alcohol in spirituous liquors, such as wine or beer, con* 
taming foreign matters, as volatile oils, sug^, mucilage, saline substances, &c., the 
liquid may be distilled, and the distillate, which will be free from the Axed impurities 
may be treated by the methods already described. Volatile oils arp for the most part of 
nearly the same specific gravity as alcohol, and the small quantities of fhoiji existing 
in vinous liquors do not moke any essefilial difTcrenco in the specific gravity. 

Other phjy'sical characters have also been resorted to for determining the strength of 
spirituous liquors, viz. the boiling-point, vapour-density, rate of expansion, &c. 

The hoiling-’point of hydrated alcohol has been proposed by uroning os a means 
of determining its stren^h. For tliis purpose, ho has constructed Sie following 
table. 


Per Cent. 

Boiling- 

Per Cent. 

Boiling- 

Per Cent. 

BotllRf* 

of Alcohol. 

Point. 

of Alcohol. 

Point. 

of AiculioL 

Point: 

5 

. 96*3 C. 

40 

. 84*1 0. 

70 

80*9 a 

10 

. 92*9 

45 

. 83*4 

76 

80*3 

15 

. 91*0 

60 

. 83*1 

80 

79*7 

20 

. 89*1 

60 

. 82*2 

86 

79*4 

26 

. 87-5 

60 

. 81*9 

90 

70*0 

30 

. 86*2 

65 

. 81*5 

95 

78*4 

36 

. 86*0 






According to Dalton, alcohol of 43 per cent, boils at 84*^ C. 

J. J. Pohl (Denkschriften d. math, naturw. Classe d. Wien. Akad. II, nbwtr. 
Wien, Akad. Bcr, 1850; Marz, 246; Jahresber. 1850, 465) bus also dotenuined the 
boiling-point of hydrated alcohol of yorious strengths. He fimls that, at the comrncnco- 
inent of the ebullition, the thermometer remains constant fora short time, then slowly 
r'uscs a little, and afterwards remains constant for a Bonicwhnt loiig(*r time (from 4 to 
16 Bwonds when 14*6 grms. of liquid were used). The temperatums at the second 
statioiiary interval are given in the following tabic (Bar. at 760 mm.) 


Percpntage 
of Alcohol. 

0 . 
1 . 
2 . 

3 . 

4 . 
6 . 
6 


Boi1infr> 

Point. 

100 00<^ C. 
98*79 
97-82 
96*86 
96*90 
96*02 
94*21 


Percenlage 
of Alcohol. 

7 

8 
9 

10 

11 

12 


BnUlTiff. 

PoinL 

93*43® 0. 

92*70 

92’D3 

91*40 

90*83 

90*27 


The presence of sugar in the bquid up to 15 p. b. appears not to exert any percep- 
tible influence on the boiling-point (a mixture of 10 pts. alcohol with 15 sugar and 75 
water boiled at the same temperature as a mixture of 10 alcohol and 90 water). 

Instruments, called J^tuUioKopes^ for directly ascertaining the strength of hydrated 
alcohol by its boiling-point, have been constructed Broissaid-Vidal and by Oonaty* 
(See a report on these instruments l^Despretz,Pou ill et, and Babi net, Oompt. rend, 
xxvii. 374. A description and ^ure of a Vidal-instnunent are given in the Pnonn. J. 
Trans, vii. 166.) Ure (Pharm. T, Trans. viL 166 ; Pharm. Centr. 1847, 422) by means 
of an instrument similar to Conaty’s (which is merely an ordtnaiy thermometer, hairing 
a moveable scale which can be shifted so as to correi^nd with the variations of the 
bai’ometer, and has the jMreentages of alcohol marked on it) has determined the boil*' 
ing-poiuts of hydrated ueohol as follows : 



96 


Upadfle 

Grarttjr. 

foiling- . 
Point. “ 

SpeelAs 

Gravity. 



Bontag* 

JVoInt. 

0*9200 • 

. . . 81*4° C. 

0*9666^:, 

• 

* 

. 86*8° 0 

0*9321 • 

. . . 82*1 

0*9729 . 

# 

• 

. 87*2 

0*9420 • 

. . 82*6 

0*9786 . 


• 

. 88*8 

0*9616 . 

. . . 83*3 

0*9860 . 

• 


. 91*3 

0*9600 . 

. . . 84*1 

0*9920 . 

. 

• 

. 94*4 


Bilbermann haa propofied to determine the strength of hydrated alcohol by its rate 
of#xpan8ion by heat, and has constructed an instrument for the purpose (Compt. rend. 
xx?ii!418). A thermometer is filled up to a certain mark with the spirit at 25° C. and 
after this liquid has been exhausted oj air by the air-pump, an observation is made 
of the amoimt by which it expands when heated to 60° C. The amount of alcohol is 
then found by means of a scale graduated by direct observation upon a number of 
samples of spirit of known strength. The indications of this instrument are not sen- 
sibly affected by the presence of sugar or salts in the liquid. 

Another instrument for the same piirpose has been constructed and described by 


hfakin. (Chem. Soc, Qu. J. ii. 224.) 

For further details on alcobolometry, sec the new edition of Dictionary of Arts, 

Manufactures and Mines, voL L pp. 44-64. 

JL&OOBOli-AAJDIC&BS. The radicles which, when they replace half the hy- 
drogen in a molecule of water form alcohols, are capable of uniting, though not directly, 
with chlorine bromine, iodine, cyanogen, oxygen, sulphur, &c., with the radicles of acids, 
and with metals : in short they exhibit in their chemical relations the character of 
electro-positive elements or met^s. Only a few of them have yet been isolated ; and 
of these, all but one (allyl) belong to the first series of alcohols mentioned in the 
preceding article, and are represented by the general formula or 

They are obtained : 

1. By the action of sodium, potassium, zinc, &c., at high temperatures, on their 
iodides or bromides. In this manner ethyl was first isolated by Frankland. — 2. By 
the electrolysis of the acids of the series The general formula of the decom- 

position is, 

+ CO* + H. 


In this manner, acetic aci^ C*H*0*, yields methyl, CH* ; valeric acid, C*H*®0*, yiel^ 
tet^l OP butyl, C*H* ; caproic acid, yields amyl, and cenanthylic acid 

C’lr^O* yields hexyl or caproyl, — ^3. &)meof these radicles, viz. trityl or p)ropyl, 

tetiyl, amyl and hexyl, are also found among the products of the dry distillation of 
Boghead Cannel coal. (Or. Williams, Chem. Gaz. 1857t pp. 29 and 96.) 

Methyl and ethyl are gaseous at ordinary temperatures ; trityl, tetiyl, amyl, and 
hexyl, are liquids, the first boiling at 68° C, the second at 108°, the third at 166°, and 
and tlie fourth at 202°. They do not unite directly with any of the elementaiy bo^es, 
and it has not yet been found possible to reproduce from them, direct union, 
any of the bodies of tho methyl, ethyl series, &c. At the moment of isolation, how- 
ever, from their iodides by the action of metais, they exhibit a strong tenden<qr to 
unite with the metal: in this manner, zinc-ethyl, C*H*Zn and zinc-methyl, C*H*Zn, are 
formed by the action of zinc on the iodides of those radicles. , 

Tho constitution of these bodies has given rise to considerable discussion. The 
formal® CH®, &c., originally assign^ to them by FraiikLmd and Solbe, repre- 
^nt their vapours as condensed to 1 volume, whereas the usual mode of condensation 
in organic compounds is to 2 volumes (see Atomic Volume). For this reason, and 
likewise because all organic compounds whose formul® are well established, are found 
to contain oven numbers of • hvdpogen-atoms, Qerhardt (Compt. chim. 1848, 19; 
1849, 11) proposed to double the formal® of these radicles in the free state, making 

them C*H* or or &c. This duplication of the formul® was after- 

wmrds supported by H of mann (Chem. Soc. J. iii. 121) on the ground that the boiling- 
points of the consecutive terms of the series of these bodies difibr by about 47° C., an in- * 
terval more than double of that which generally corresponds to a difference of CH* in 
bodies of the methyl, ethyl, trityl series, &c. But the decisive argument in favour of the 
double formul® is afforded by the experiments of Wurte, who has shown that by the 
action of mixtures of the iodides of these radicles (iodide of ethyl and iodide of tetiyl, 
fop example) with sodium, or by the electrolysis of a mixture of the potassium-salts of 
two fatty acids, e, g, acetate and mnanthylate of potassium, compound xadides are ob- 
tained, viz. etbyl-tetiyl, &c.; and moreover that when 

these mixed n^des are compared with the rimpleradides wjth double foimuh^ 
regular gradation of p hysical properties is observed as ^atoms in the 

molecule increases. This will be seen from the following tal^ fT ^ 



Radicle. 

■■ 

Femula. 

Spectfle 

Cr«l^rt 

Vapeur-DeDitty 

— ^ 






Obiervad. 

Calculated. 


Ethyl-tetryX , 



C*H» 

C<H» 

O-TOll 

‘ 3-063 

2-972 


Ethyl-amyl 

C«H« 

- 

C*H» 

C»H» 

0*7069 

3*522 

3-456 

188“ 

Methyl-hexyl . 


- 

CH* 

C*H« 

C^H* 

? 

3-426 

3-455 

82? 

Tetiyl . 

C*H» 

■» 

0-7057 

4*070 

3-939 

106 

Tetiyl-amyl . 

C»H»» 

- 

C^H* 

C*H» 

0-7247 

4-466 

4-423 

133 

Amyl 

C**H« 


C»H» 

0-7413 

4-966 

4-907 

158 

Tetryl-hexyl . 



icw 

iC«H« 

7 

4-917 

4-907 

155 

Hexyl , 



lew* 

0-7674 

6-983 

5-874 

202 


It ifl clear that if the simpler formulae of tetryl, amyl and hexyl were retained, the 
accordance between the gradation of properties and increase of atomic weight which 
the preceding table exhibits would be completely lost. 

Viewed in this light, the formation of the simple radicles is strictly analogous to 
tliat of the mixed radicles, as will be seen from the following equations : 

C*H»I + C^H*I + Zn - ZnP + 
and 2C^H‘I + Zn * Znl* + C«H\C»U». 


AXiCOHOXiS*^ The term ^cohol, originally limited to one substauce. vis. spirit of 
wine, is now applied to a considerable number of organic compounds, many of which. 
In tlieir external characters, exhibit but little resemblance to common alcohol. The 
alcohols are all compounds of carbon, hydrogen, and oxygen. They are divided into 
several homologous groups, but their rational formulae may all be aerived one^ 

two, or tlu-ee molecules of water, ^|o, substitution of an or- 

ganic radicle containing hydrogen and carbon for half the hydrogen in the type. 
Alcohols are accordingly monatomic, . diatomic, or triatomic, s.y. Ethyl-aleolhol 

(monatomic) |o, — Olycol (diatomic) =# ^H*|^** — Glycerin (trim* 

tcmic) - 

A. Xoaatomie Alooliola. Of these there are several series, containing radiclM 
whose general formuhe are C*H** ♦ *, C-H*- > », 

l. Alcohols of the form OH»- ♦ *0 - | O. These alcohols, of which 

nine, or perhaps ten, sto at present known, are intimately related to the fatty acids (p. 
fiO). To every alcohol of this series there corresponds an acid of the series 
which may be finom the alcohol by oxidation, O being substituted for H*. The 

following table exhibits the names and formulse of these idcohoUi together with those 
of those of the c orre sp onding acids ; 


. Alcohols, 

Methylic or protylic . 

Ethyfic or deulybc . 

Pirepylic or trilylic , 

Bulyiic or tetryiic . | - 

Amylic or pentylic * * 

Caproylie or hexylie • 
GSnanthylic or heplylie • • 

Capiylic or oe^He . 

Cetyfic . A, 

Myricylie# 

Voul. 




CH^O 

C*H"0 

C^UK) 

C«H“0 

C^WH) 

C»H**0 

CWO 

0»H«0 


Acids, 


Formic . 
Acetic . 
Propionic 
Butyric . 
Valeric » 
Caproic • 
(Enanthylie 
Oapiylie 
Paimitia 
Ceiotic • 
Melissio , 


OH—Ojo 

. CH»0* 

s Cf*H<0* 

. C*HW 

. . C*SPO* 

, . . 

. . . 

. , s CTHtW 

. . . 

, . . C«H«W 

. . . 

. . . cmnfi 







9 a ALCOHOES: 

These alcohols are also designated as Hydrates^ op .^ydruted Oxides^ of 
Ethyl, &c., OP as Methylate, Ethylate, Ttiiylaie, ic. of Hyd^m, O^e numerical tenMi 
•DTotyl, deutyl, trityl, &c. were proposed by Gerhardt. They are m most cases prei* 
ferable to the older names : but tho tenna, methyl, ethyl, and amyl, are too much con- 
secrated by use to be discarded. ^ . 

Methyl-alcohol, or wood-spirit, was drst recognised as a compound similar in nature 
and constitution to common alcohol by Dumas and Peligot in 1835. In the following 
year, the same chemists showed that ethal (cetyl-alcohol), a substance first obtained 
from spermaceti by Chevreul in 1823, is also of alcoholic nature. Fusel-oil was re- 
cognised as an alcoliol somewhat later by Cahoura and Balard. Cerotyl-alcohol and 
meliasyl-alcohol were discovered by Brodie in 1848; octyl-alcohol by Bouis in 18-51; 
tetryl-alcohol by Wurtz in 1852 ; trityl-alcohol by Chancel in 1852, and hexyl-alcohol 
by F agot in the same year. 

Methyhalcohol ia found among the products of the distillation of wood. Ethyl- 
alcohol \nd the four following alcohols are produced by fermentation of sugar, 
(C*H’*0®), perhaps in the manner represented by the following equations : 

« 2Gm^O + 2CO* 

Ethyl- 

alcohol. 

2C«H«0« = 2C®H«0 + OWO + 4C0* + BH> 

Trityl- lithyl- 

* alcohol. alcohol. 

- C^H«0 + 2CO*^ + n^o 

Tetryl- 

alcohol. 

3C*»E»*'0« « 2C*II'"0 + CPH®0 + 6CO» -h 3H*0 

Arnyl- Kthyl- 

alcoliol. alcohol. 

2C«iii20« - + C»IPO + 4CO« + 2BPO 

Amyl- Trityl- 

alcohol. alcohol. 

5C‘E‘«0« « 4C»H‘-0 + loco* + 6H*0 

Amyl- 

alcohol. 


3C«H'*0« « 2OTI"0 + 6CO* + 4n^O 

Hexyl- 

alcohol. 

Octyl-alcohd is obtniiied by snponifying castor-oil with potash, and distilling the 
resulting ricinolato of potassium with excess of the alkali at a high tempemture. 
The riciiiolic acid is tlion converted into octyl -alcohol, sehate of potassium, and free 
hydrogen : 


+ 2KIIO = C*H»*0 + + 221 

ItJcinolic Octyl- SebKte of 

alcohol. potaasiuna. 

Bonis (Compt. rend, xxiii. 141). Other chemists, however, who have examined 
this reaction, state that the alcohol produced by it is not octylic, but heptylic. Ac- 
t^tding to Stadeler (J. pr. Chera, Ixxii. 241) two reactions take place simultaneously, 
the one giving rise to the formation of hepQrlic alcohol, aebate of potaaeium, and 
nyopule of methyl (marsh gas), tho other to the formation of methyUaenanthyl, an acetone 
isomeric with caprylic aldehyde, C>H'*0, and free hydrogen; thus : 


+ 2KHO « -p + CH» H 

Heptyl- Sebate of ' Hydride 
alcohol. potaasUim. of methyl. 

+ 2KHO - CH'.C’H'K) + C"H'*K*0' + H‘ 

Mothyl. Srhate ot 

cenanchyU potassium. 

Ch- eri 270). tho products 

”f, "*®%l-<enanthyl and octylic alcohol, the formation of tliia al- 
W only by the elimaation of two atoma of . 

rf ,! h deromp^ng spermaceti (which oonaiato chiefly 

d cetMfU^R O ) with alkalis, palmitic acid being formed at the aama time: ^ 


Aceor^ng to D a ch auer, on the contrar 
of tho d.i8tillation are mcthvl-cenanthvl anc 


+ KHO C**H*^0 + C**H**KO* 
Palnilteteer 
a!ooHf»lc potaMiUm« 
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In the seme manner, cexyl-aloohol is formed Chinese-wax, and myricyl- 
alcohol from beea-wax. 

+ KHO » C«H «0 + C«H“KO* 

ChliiMe« CeryU Cerotate of 

wax. alcohol. potatilum. 

Some of these alcohols have also been formed h^>m the corresponding hydrocarbons 
OH**, €.g, common Jfclcohol from olefiant gas, OH^ and trityl-aW>hol from tritylene, 
OH*, by dissolving these gaseous hydrocarbons in strong sulphuric acid, and decom- 
posing the resulting ethyl-sulphuric or trityl-sulphuric add by distillation with water. 
Methyl-alcohol has been formed from marsh-gas, CH*, by exposing that coinMund to 
the action of chlorine in sunshine, whereby cMoride of methyl is obtained, and decom- 
posing this body with aqueous potash (Berthe lot, Compt. rend. xlv. 916) : 

CH»C1 + KHO « CH<0 + KCL 

The first eight alcohols of the series are liquid at ordinary temperatures, Metbylio 
and ethylic alcohols are mobile watery liquids ; the others are more or loss oily, the 
viscidity increasing with the atomic weight. Cetyl-alcohol is a solid fat : cerylic and 
m.vricylic alcoliols aro waxy. 

Oxidising agents convert these alcohols into aldehydes, C»11**0, or acids, C*li*"0*, in 
each case with elimination of one atom of water : 

C«h*“+ 20 + 0 « C“H*»0 + I^O 
and C“H»“+*0 + O* C*II*-0* -i- H*0 

These changes take place on exposing the alcohols to the air, especially in contact with 
platinum-bluet and more quickly on distilling them with a mixture of dilute sul- 
phuric acid and chromate of potassium. Tlie alcohols are also converted into fatty 
acids by heating them strongly in contact with soda-lime (a mixture of quick lime 
with caustic soda) ; amyl-alcohol thus treated yields valerate of sodium. 

The alcohols of this series contain one atom of hydrogen replai^eahle by metals or 
compound radicles. Many of them, when treated with potassium or sodium, give off 
hydrogen, and form solid compounds containing 1 atom of tlic ulkali-nieial, e.g» 
ethylate of sodium, C^H^NaO. In this respect the alcohols partake of the nature of 
acids. — The compounds thus formed are easily decomposed, and arc not easily ob- 
tained in a definite form. 

On treating these potassium- or sodium-alcohols with the iodide of an alcohol-radicle, 
iodide of potassium or sodium is precipitated, and an tOur is formed, that is to say, 
a compound derived from an alcohol by the substitution of an ulcoliol-radicle for the 
basic atom of hydrogen : thus ethylate of sodium with iodide of ethyl yields ethylic 
ether (C-H‘)*0, and with iodide of amyl, cthyl-amyl ether, (p, 76). 

The alcohols are also converted into ethers by the action of strong sulphuric acid 
chloride of zinc, fluoride of boron, and other pow'erful dehydrating agents, at a certaiii 
temperature. The lUtimate change is represented by the equation : 

Alcohol. Ether. 

For the intermediate steps of the process see page 76. This particalw change takes 
place only between certain limits of temperature, e, g, for the etJierification of common 
alcohol by sulphuric acid, the limits arc UO® and 160° C. At higher temperatures, a 
further dehydration takes place, and a hydrocarbon C”H'” is obtained : 

— H*0 « C*H** 

c. g, common alcohol heated above 160 ° with strong sulphuric acid, yields olefiant gas 
C*H‘. 

• With the greater number of acids, alcohols yield compottwd €ther$ ; that is to say, 
salts in which the basic hydrogen of the acid is more or less replaced by the ndide of 
the alcohol. With monobasic acids, only neutral ethers are formed: thus common 
alcohol heated with strong acetic acid yields acetate of ethyl, with eliminatio n of 
water: 

CW|o . <=™io . 

The formation of these ethers is greatly assisted by the presence of strong iolphurlc 
or hydrocbloric to tshe up the water. They are commonly pwparea either by 
distilling the alcohol with sulphuric add, and a s^ of the other ^td (jB,g, acetate of 
ethyl, by dwtillmg with sulphoric add and acetate of sodiitm), or by pasriiig 

X 2 * 



,00 alcohols. 

w,l»v.Moric acid eaa into an alcoholic solution of the acii tomer J^od is 

i£birto t£ more rolatile ethers, the latter to th(Me of higher boi^-pomfc - _ 
dibasic and trihasic acids, the alcohols gener^y fonm and et^ or tUooMw 
rn/iji that is to sav compoTinds in which only a portion of the bMio hjfdrojgen of the 
:dd’is‘Sw Tbi. when .tayl-a^c^d » 

phuric add and the mixture kept cool, amyi-su/pAtidc add, ^ J SO* or (j5Hii;H J O* 

In like manner, pboaphono acid and amyl-alcobol yield amyl-pboapborie acid, 

Hydrochloric, hjdrohromic, and hydriodic acids convert the alcohols of this series 
into cWorides, &c., of the alcohol-radicles, with elimination of water: 


OH='“+« 
H 




+ HCl « Cl + H»0 


^ 

A similar transformation is effected hy the chlorides, bromides, and iodides of phos- 
phorus: e,a. 

cni"jo 


H 

Amyl 
a- col 


+ PCI*. Cl* = C*H"C1 + HCl + POCl* 




Pciita- 
chloride of 
phosphorus. 


Chlorltle 
of amyl. 


Oxychlo- 
ride of 
phoiphorufe 


With the chlorideH of acid radicles, the alcohols form compound ethers, hydrochloric 
acid being at the same time eliminated : 


TJo 


C’H^O.Cl 


C»H»0 

C*H* 




HCl 


Ethyl- 

alcohol. 


Chloride of 
benzoyl. 


Benzoate 
of ethyl. 

Persulphitlc of phosphorus transforms the alcohols of this series into mercaptans 
(sulphur-alcohols) : 

5C"H*"+« O + =« 6C“H*“^'*S + P*0» 


{^nTTZn— 1 } 

2. Alcohols of the form C”H^"0 H convertible by oxidation «into acids 

oftheform 

Only one term of this series is at present known, viz. ; 

AllyUalcoliol or Hydrate of AUyl^ C*H®0 ^ g | 

This alcohol was discovered by Cahours and Hofmann in 1856. It is con- 
verted by oxidising agents into acrylic aldehyde or acrolein, C*H^O, and aciylic 
acid, C*H^O'^, and moreover exhibits all the transformations of the bodies of the pre- 
ceding series (see Ali.yl). It is probable that to every acid of the series C“H*““*0* 
^ngclie, terebie., oleic acid, &c), &ere corresponds an alcohol of the form C“H®“0. 
These alcohols are isomeric with the aldehydes of the preceding series; allyU 
alcohol with propionic aldehyde. 

3. Alcohols of the form 1 0» Only one alcohol of this kind 

is known, viz. : 

Camphol^ or Bornean Camphor, C'*H**0 «* ^ | O, It is a solid substance which, 

when distilled with anhydrous phosphoric acid, yields the hydrocarbon, — 

C**H**0— H*0. It forms neutral ethers with stearic and benzoic adds. 

4. Alcohols of the form ^ ^ gr J O, and corresponding to adds of 

the form Three of these alcohols are known, viz. : 

Bemeyl-ttleohol, or HydraU of Benryl, C’H»0 O 

CumyUalcohol^ or HydraU of Cumyl, O 

l^yeot»ryl~alcohoi^ or Hydrate of Sycoeeryl, C**H*»0— 
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Ben^l-alcohol was difCOTeted by Ganmoaro in 1853; cmnyl-alcohol hr Knut In 1854 ; 
these two alcohols aie obtained by treating the corresponding al^hydei (bittei^ 
almond oil and cuminol) with an alcoholic solution of potash: 


2C»H*0 + KHO « C’lPO + C’H^KO* 


Hvdridtt of 
bensoyl. 


Beniyl- Bentoate of 

alcohol. pobunium. 


Moreover, the aldehydes themselves may be formed fbom acids, by diatilling a mii> 
ture of the calcium-salt of the acid with formate of calcium, thus: 

- 2(C’n‘o.n) + 2(co)C8''o* 

Benzoate of Formate of Hydride of Carbonate of 

calcium. calcium. betixojrl. calcium. 

Hence it appears that these alcohols may be formed from the corresponding acids. 

Benzylic and cumylic alcohols are liquids which volatilise without decomposition. 
They are converted into aldehydes and acids by the action of oxidising agents ; they 
form compound etlicrs when treated with a mixture of sulphuric acid and other 
oxygen-acids (e.ff. acetate of benzyl, is formed by treating benzyl- 

alcohol with a mixture of sulphuric and acetic acids), and yield the chlorides of the 
corresponding radicles when treated with hydrocliloric acid ; thus chloride of benzyl, 
C^H’Cl is obtained by treating benzyl-alcohol with strong hydrochloric acid. 

With sulphuric acid or chloride of zinc, they yield resinous masses, which are 
probably hydro-carbons analogous to olefiant gas: anhydrous boracic acid converts 
benzyl-alcohol into benzyl-ether (C’H’)*0. They do not appear to form coxnugated 
acids like ethyl-sulphunc acid. By caustic potash, at high temperatures, mey are 
converted into the corresponding acids and hydrides of the mcohol-radidea ; s.y. : 

3(C»H’.H.O) « CTg*Q» + 2(C»H^H ) + H*0 

Betizyl-alcohol. Benzole Hydride of 
acid. benzyl. 

Sycoceiyl-aloohol was discovered by Warren BolaBueand Hugo Miiller, in 1859 
(Proc, Roy. Soc. x. 298). It exists in the form of a natural acetic ether in the exuda- 
tion from an Australian plant, the ntbiginosan This ether is readily obtained 
in beautifnl crystals, and W'lien treated with sodium-alcohol, yields acetic acid and 
sycocpiylic alcohol, in feathery crystals resembling caffeine or asbestos. Treated with 
nitric acid, it yields an acid which appears lu be sycocerylic acid; and with chromic 
acid, it yields a product which is probably the corresponding aldehyde. 

6. Alcohols isomeric with the last, but differing from them in forming coqjugated 
acids with sulphuric acid, phosphoric acid, &c., and in not being converted into acidi 
and aldehydes by the action of oxidising agents. Two of these alcohols ore known, 
'*"iz. : 

PhmyUakvhol, or HyiraU of Phenyl, OH'O - | O 

Cretyl-alcohol, ox Hydrate of Cretyl, (TEH) - 

The former was identified as an alcohol by Laurent, in 1841 ; the latter was discovsred 
by Williamson and Fairiie, in 1854, 

Both of these compounds occur among the products of the destructive distillation of 
coal, and are separated by factional distillation. Phenyl-alcohol is also produced hy 
the destructive distillation of salicylic acid : 

C»H«0* - C«HH) + CO*. 

l^henyl-alcohol is solid and ciystalline at ordinary temperatures, melts at 35^, and 
distils without decomposition at about 185^. Cresyl-al^hol is liquid at ordinary 
temperatures. 

These alcohols are easily decomposed by potassium and sodium, like common alco- 
hols, hydrogen being evolved, and compounds formed analogous to ethyUte of potas- 
sium. They exhibit more decided acid characters than any <rf the preceding alcohols ; 
phenyl-alcohol indeed is sometimes callfd. phenic or carbolic acid : it fonzu a series of 
salts, called phenates or carbe^tes, containing 1 at. metal in place of the basie hydrog^ 
These alcohols are not converted into simple eth<»s or hydrocarbons by h ea t i n g with 
sulphuric acid, ^rong nitric add converts them into nitro-adds, e.g, phenyl-alcohol 
into tnnitrocarbolic or picric add, ^H*(N0*)*0, 
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With pentftchloride of phorohonts, they yield a chloride and a pho^hate of the 
fadiole together trith hydrocfalbric acid : e.g. 

4 (C*h*h.o) + pa*.ci* + c*h»ci + 4Ha 

Hydrate of Phosphate of Chloride 

phenyl. phenyl. of phenyl. 

With the chloridea of the acid radicles, they form compound ethers, thus : 


C'HMI.O + C’H*0.C1 = C’H’O'.C'H* + HCl 


Hydrate of Chloride of Benzoate of 
phenyl. benzoyl. phenyl. 

Two only of these bodies are 


-«0 


Cholesterin . 


Q26J£«0 


0. Alcohols of the form C"H2< 
known, viz. : 

Cinnamic alcohol^ Hydrate of dnnamyl^ or Btyronc^ C®H*®0 « 

C“1I« 

RtjTonc is obtained by heating styracin (cinnamate of cinnamyl), with caustic alkalis ; 
choiesterin is found in the bile and other products of the animal economy. Styrono 
is converted by oxidising agents into cinnamic aldeliyde, C®II®0, and cinnamic acid, 
and forms with fuming sulphmdc acid a conjugated acid, the barium-salt of 
which is soluble in water. Choleaterin heated with strong sulphuric acid gives up 
water and forms a resinous hydrocarbon, (Zwenger, Ann. Ch. Pharm. liv. 

6). Heated to 200°, with acetic, butyric, benzoic, and stearic acids, it forms com- 
pound ethers, with elimination of water, thus : 




Stearic 

acid. 


Cholesterin. 


Stearate of 
cholesterin. 


!» 


+ H*0 


7. Satiyenvij CTI^O®, an alcohol of the salicyl-series, and Anisic alcohol^ C*H*®0*, 
produced by tlio action of alcoholic potash on hydride of anisyl, C®H’0*.H, are 
probably monatomic ; if so, they must contain oxygen-radicles, their rational formulas 

being diatomic alcohols, 

and Tlieir reactions are not sufficiently known to decide the (jucstion, 

B. Biatomlo AlooholBp or Glycols. These com- 
pounds, discovered by Wurtz, are derived from a double molecule of water, ^ which 

half the hydrogen is replaced by a diatomic radicle Four of these have been 

obtained, viz. Kthylcnc-ylycol, ot Hydrate of Ethylene^ C*H®0* = 

lene-ylycoly C’H^O®, Sntykne-glycol, and Amylme^glycol^ The 

simple name ghjcol is especially applied to the first of these, just as the term alco- 
hol is cspeciidly applied to hydrate of ethyl, the most important of the monatomic al- 
cohols. 

Glycol is obtained by treating iodide of ethylene with acetate of silver, whereby di- 
acetate of ethylene is fomed : 


CWI» + 

]oiliil« of 2 at. acetate of 
ethyleno. '' ailver. 


Diacetate of 
ethylene. 


uid heating the distilled diacetete of ethylene with potash, whwehy it is deoom- 
other compound ethers, yielding acetate of potassium and hydrate of 

(C.^=),|0» + 2CKHO) - 

It waa disoorered by Wurtz in 1856. The other bodies of the series are obtained by ,4 
snmlM processes. They aro oily liquids, which distU without decomposition. They 
contmn two atoms of basic hydrogen, one or both of which may be replaced by metals 
or other radicles. ^ r j 

Glycol treated with sodium yields monosodk glycol, C*H<(NaH)0«, and this com- 
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PQund, ftued mth «xeeM of aodinm, yulds di$oiia dyeot, C*H*lf«*0*. By tm< 


monosodic glycol with iodide of ethyl, the product with Mtasaium, and this piod^ 
again with iodide of ethyl, the compounds C*H*(C*H*.H)0*,. C*H*(C'*'H*K)6*, and 
C®H*(C“H*)*0’, axe SMoeeBsively obtained. The la^ u isomeric with acetal, but not 
identical with it (p. 3), inasmuch as it boils at a temperature 20^ below that compound. 

Dehydrating agents^ such as sulphuric acid and chloride of zinc, do not act upon the 
glycols in the same manner as upon the corresponding monatomic alcohols. Ethyl* 
alcohol, C^HMT.O, acted upon by sulphuric acid, or chloride of zinc, at certain tempe* 
raturcs, is converted into ether, (C*H‘)"0, a second atom of ethyl being introduced in 
place of the remaining hydrogen. If glycol were acted on by these reagents in the 
same manner, the result would be a glycolic ether containing Instead of 

this, the change which takes place is a simple abstraction of water, and the resulting 
compound is C*H^O, a body of only half the atomic weight, and isomerio with 

C>H‘0* - IPO - C»H<0. 

Similar results are obtained with the other glycols. The others of the diatomic 
alcohols are therefore isomeric with the aldehydes (see Ethkrs, and Kthylknr, Oxma 
of) : and their mode of formation from those alcohols differs from the etherification 
of the monatomic alcohols in the same manner as tho conversion of dibasic acids into 
anhydrides differs from that of monobasic acids,— tho latter being converted into 
anhydrides by duplication of the radicle ; e.ff. acetic acid ■■ C“H*O.H.O ; acetic anbv* 
dride * (C*H*0)^0, whereas dibasic acids pass to the state of anhydrides by simpla 
abstraction of water, e.ff. S0*H^-II*0 * SO*. (W urtz, Compt. rend, xlvii. 346.) 

By treating diatomic alcohols, first with hydrochloric acid and afterwards with 
potash, compounds are obtained isomeric with the aldehydes, and resembling them in 
some of their properties, but differing in others ; thus, ethylene-glycol, heated in a 
sealed tube with hydrochloric acid, yields monochlorhydric fffycolf C*II*C10, a compound 


, a compound 


intermediate between glycol and chloride of ethylene, C^H^Cl*, and formed ftom glycol 
by the substitution of 01 for 1 atom of peroxide of hydrogen : 

C*HMI20* + HCl = C*H*.nO.Cl + H*0; 
and this compound, treated with potash, yields oxide of ethylene, a body isomeric with 
acetic aldehyde ; _ 

C*HMI0.C1 + KHO « 0*H*0 + IPO + KCl. 

Tills oxide of ethylene resembles aldehyde in being miscible with water, and in foiro- 
ing a ciystallino compound with acid sulphite of sodium ; but differs from it by boiling 
at a lower temperature, and by not forming a crystalline compound with am- 
monia. Similar results are obtained with "propylene-glycol. (W urtz, Compt. rend, 
xlviii. 100.) 

The glycols corresponding to the other series of monatomic alcohols, nave not yet 
been obtained ; but several diatomic compound ethers containing benzylene, C*H*, have 
been produced, viz. the acetate, valerate, and benzoate, CfH*.(C^H*0)*.0*, &c. ; the 
methylate, ethylate, and amylate, C7H“.(CH*>*.0*, &c. ; the sulphate, SO*.C’H*, and 
the succinate, C’H*.C«H«0* 0% The diatomic alcohol, C’n* H=‘0*. corresponding to 
those compound ethers, has not yet been obtained, not being [produced when the ethers 
are decomposed by alkalis. (W. Wicke, Ann. Ch. Pharm, cii. 363.) 

C. Triatomio AlcohoU* or Olyceriiui* The general formula of these compounds 
is ^"57 " ' [ 0*, the radicle • being equivalent to three atoms of hydrogen. One 

term of the series has long been known, viz. ordinary glycerin, C*H*0* 

the sweet oily liquid obtained in the saponification of fats. It was first shown to ne a 
triatomic ^cohol by Berthelot, in 1863. (Compt. rend, xMvii 398.) 

The neutral fats of the animal body, stearin, palmitin, olein, &c., consist of gjycmn, 
• in which three atoms of hydrogen are replaced by acid radicles; and by heating 
glycerin with acids in different proportions, a large number of compounds may w 
formed, in which 4, {, or the whole of the replaceable hydrogen is thus xwlace^ 
the formation of mese compounds being accompanied by the elimination of 1, 3, 
or 3 atoms of weJjer. Thus, with stearic acid, the fcUowing oompoimds 

are obtained: rO*H*r ) 

Monostearin — C”fl“0* = C^*0* -t- — H*0 *«■ 


Distearin 

Triatearin 


(natural 


C«I"0* - OT'O* + 2C»H*0» - 2iro - H.(0^0)*|^ 
^aiiii)( “ O’®”®* “ O*®*®* + »®"B“®’ “ *®*® • 
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Frecifiiely similar actions take place on heating glycerin with hydrochloric, hycbp- 
hromic, or h^driodic acid ; hut to refer the resulting compounds to the same type, it 
is best to write the formula of glycerin thus : C*H*(HO)*, representing it as a compound 
of ^yceryl with 3 at. peroxide of hydrogen : then the compounds just mentionea may 
be represented as glycerin in which 1, 2, or 3 at. peroxide of hytpiraj^ ^re replaced 
by Cl, Br, I, &c. Thus: > 

Monochlorhydrin * C»HT10* = C»H«0> + HCl - H*0 C*H»Cl(HO)* 

Dichlorhydrin = C*H*C1*0 = + 2HCI - 21PO = C»IPGP(HO) 

Tricblorhydrin « = C»H“0^ + 3HC1 - 3H'^0 

Bromhydrodichlorhydrin « C»H*0» + 2HC1 + HBr - SH^O. 

The chlorhydrins and hromhydrins arc likewise produced by treating glycerin with 
either of the bromides or chlorides of phosphorus. (See Glyckrin.) 

By treating glycerin with the chloride of an acid radicle, or by passing hydrochloric 
acid gas into a solution of glycerin in the corresponding acid, compounds are formed 
which may be regarded as glycerin, in which the peroxide of hydrogen is replaced 
partly 1^ chlorine and partly by the peroxide of the acid radicle ; thus with acetic acid 

Acetochlorhydrin « C“H‘»C10* * C*H*0» + + HCl - 2H*0 - 

C®H»Cl(AcO)(HO). 

Diacetochlorhydrin « C’H^CIO* « C»HK)* + 2C*H«0* + HCl ^ 3H*0 = 

C?H»Cl(AcO)* 

Acetodichlorhydrin - C^H^CPO* C*HK)» + C=*H^O» +2HC1- 3H*0 « 

« C»H»CPAcO. 

(For farther details, see Acetins, p. 26.) 

All these compounds, when heated with caustic alkalis, or with metallic oxides and 
water, reproduce the acid and the glycerin ; thus stearin heated with caustic potash, 
yields glycerin and stearate of potassium : 

((y®HSo).jo‘ + 3KHO = + 3(0”^ jo) 

Glycerin may also be formed synthetically in a similar manner to glycol, viz. by 
heating tribromhydrin, C*U*Br*, with acetate of silver, whereby triacetin, C*H*Ac*0* is 
formed, and heating this compound with solution of caustic baryta. The other 
glycerins have not yet been obtained in the free state, but the acetate of ethyl-glycerin 
(C*H*)'''Ac*0* appears to be obtained, together with glycol, by the action of iodide of 
ethylene on acetate of silver, ^ 

D. Alcolioto not included in an^f^of tbe preceding ptenpe. — Berthelot 
has shown that a considerable number of substances, not usually classed as alcohols, 
nevertheless possess one essential character of those bodies, viz. that they unite with 
acids, producing neutral compounds, the formation of which is attended with eliminar 
tion or water ; and these compounds, when heated with alkalis, reproduce the sub- 
stances from which they have been formed The bodies in question are chiefly of 
a saccharine nature, viz, MannitCf the sugar of manna; Jhucin^ 

a saccharine substance from an unknown plant, brought from Mada- 
mis^ ; C*H'“0*, a sugar from the Pimms lamheriiana^ a tree growing in 

California; QwcrciYc, the sugar of acorns; Erythromannite^ Erythroglucin^ or 

Phycite^ a sugar obtained from certain lichens, and from the t^otoeocevs fw/- 

garte.-^Orcin^ C’H"0*, a sw'cot crystalline substance, existing in the lichens which 
yield archil and litmus ; Trehalose, C*H'*0*, also a kind of su^ ; Glwose, C*H'*0*, 
and Afeconin, au acrid ciystallisable substance, obtained from opium. The 

following are examples of the compounds formed : 

C«H»0» + 2C-H*0* - 2H*0 « C“H>H)» 

Maiinitiin. Acetic Add, 

+ 4C*>H*‘0» - 2H*0 « (7"H*”0" 

ManDiUui, Stearic acid. 

+ 6C**H^O» — 6H*0 - 

Mancitan. Stearic acid. 

C»H“0» + 2CH*0» - 2HK) - C-H-0* (?) 

Ph,ciUL uM, 

Oll”0» + 6C'H*0* - 6HK) - C-K"0“ (?) 

Ptayette. Bensolc m*M. 

C*H'*0* + 2C«H*0» - 3H*0 - C-H-0' 

GhicoM. Nt.arlc Mtd, 

C-H“0‘ + 2C“H-0* - 2H‘0 - C-H-0*. 

ItorMln. 8l<'Bric 
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The eompoondfl femed 1^ all these hodies, exceptins the laat two, with adde, readilr 
yield the original saccharine substance and the acid. The oompcrands formed witK 
glucose are not very definite, and not easily decomposed; but when treated with dilute 
sulphuric acid| they yield the original acid and a fermentable sugar, which reduces 
copper salts. ^^(Berihelot, Compt. rend. xli. 452; zlviL 262.) 

AMmrrWfc [or C*H*0» - C^BWMO], Acetic aidek^de. 

Hydride of Acetyl (Om. viiL 274 ; xiii. 437; Gerh. L 658).— A volatile liquid 
pK>duced by the oxidation and destructive distillation of alcohol and other organio 
compounds. It was first obtained in an impure state by Dobereiner, who called it 
Liyht oxygen eihvr^ and was afterwards prepared pure and thoroughly examined by 
Liebig (Ann. Oh. Pharm. xiv. 133 ; xxxvi. 376). The name aldehyde ve atf abbrevia- 
tion of ndcoJiol dehydrogenatum^ inasmuch as the compound may be ^garded sa alcohol 
deprived of two atoms of hydrogen. 

Formation. — 1. In the oxidation of alcohol, either by slow combustion in contact 
with platinum-black, chromic oxide, &c., or by the action of chromic acid, nitric acid, 
chlorine water, or a mixture of sulphuric acid and peroxide of manganese (see Alcohol, 
p. 74). — 2. When the va^ur of alcoliol or ether is passed through a tube heated 
to dull redness ; also in the slow combustion of ether. — 3, In the decomposition of 
acetate of ethyl, and probably also of other etbylic ethers, by a mixture of aolphurio 
acid and acid chromate of potassium. — 4. By heating acetal with glacial acetic acid to 
between 160® and 200® C. for two days. Acetic ether and alcohol are formed at the 
same time, and on distilling the mixture, aldehyde passes over below 60® : 

» C^H^O + C<H«Q« + C»H«0 

Acetal. Acetic Aldehyde. Aretlc Alcohol, 
acid. ether. 

also by heating acetal with acetic anhydride ; 

C«H»0» + C*H«0» - (PH^O + 2C*H>0». 

A few drops of liquid are also obtained boiling above 150®, and probably consisting of 
a compound of udehyde with acetic anhy&ide (Beils te in, Compt. rend, xlviii. 
1121J. — 6. By heating ethyl-sulphuric acid or one of its salts with a mixture of sul- 
phuric acid and peroxide of manganese. This formation of aldehyde is said to take 
place under circumstances which altogether preclude any previous formation of alcohol 
(Jacquemin and Li^s-Bodard, Tlnstitut, 1857, p. 407). — 6. When hemp-oil is 
|)as8cd through .8 gnn-barrel heated to low redness, a liquid is formed containing a 
Iiirge quaut^ of ii^sli^de, top^ther with alhehydic or lampic acid (Hess). — 7. By 
the dry distilUtioli acid, lactic anlndride, and lactates with weak bases, such 

as lactate of oop|^ carbonic oxide being given off at the same time: 

- 2C»H<0 + 2CO + 2H*0. 

Lsetls* AldehjiHt* 
scUL 

8. Lactic acid and the lactates also yield considerable quantities of aldehyde wlien dis- 
till^ with sulphuric acid and peroxide of manganese (Stadeler, Ann. Ch. Bbarm. 
Uxix. 333). — 9. In the decomposition of animal albumin, fibrin, casein, and gelatin by 
H mixture of sulphuric acid and peroxide of manganese, or bichromate of potassium 
uckclberger), also of vegetable fibrin by sulphuric acid and peroxide of manganese 
jKeller). — 10. By the dry distillation of a mixture of acetate and formate of calcium 
in equal numbers of atoms (Limpricht. See Aldehydes, p. 1 1 1 ; alsoAcBT 02 rBa,p. 31). 

C*II*Ca"0* + mVCn'O* - 2C»H^O + 2CO»Ca* . 

AceUteof Formate of Aldehyde. CerbonHteor 

catclum* calcium. ^ calcium. 

Preparetthn. — 1. Two pts. of 80 per cent, alcohol are mixed with 8 pfs, peroxide of 
^ maag^ese, 3 pis. oil of vitriol and 2 pts. water, and distilled into a receiver kept at a 
* Ten low temperature. The mixture is gently heated till it begins to froth slightly, 
ana the distillation is interrupted as soon as the liquid which passes over b^ns to 
redden litmus, which it does when the distillate amounts to 3 pta. The distillate, 
consiffting of ddebyde, alcohol, Ac., ia mixed with an equal w^ht of chloride of 
calcium, and distillra (the receiver ^ing constantly kept veiy cold), till 1* pt haa 
pes^ over, and this distillate is again rectified with an ^ual weight of chtonde of 
calcium till } pt. has passed over. This last portion is anhyorous, but oontsina alcohol 
and certain cmnpoand ethCTS as well as aldehyde. To punfy it, 1 yol. is mixed wi A 2 
yiA ether, themixturesiinKmnded with cold water, and oiy ammoniacal gaa passed into 
It to aatuxation ; the gaa is absorbed rapidly and witii «eat erolntioo of beat, and tho 
*ddehyde sepantea out in ctystala of afdehyde-ammonua These crystals arc wastied 
bree times with absolute ether and dried as above. (Liebig.) 
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2. A mixture of 1 pt. 80 per cent, alcohol and 2 pts. water ia eatnrated with 
chlorine gas (being kept cool all the while), and the liquid distilled, as soon as it haa 
lost the odour of chlorine, till ^ has passed over. That which distils over afterwards 
is alcohol, which may be collected in a separate receiver and again treated with chlorine 
as above. The first distillate is again freed from water by repeated distillation so far 
08 to admit of its being saturated with ammonia as above, and yi^ds a very large 
crop of crystals. (Liebig.) 

3. One part of alcohol of ep. gr. 0 842 and 1 pt. of bichromate of potassium are in- 
troduced mto a capacious tubulated retort and li pt. oil of vitriol admitted by dr<^ 
through the tubulus. The lieat evolved by the chemical action which ensues is sum- 
cient to begin the distillation, but towards the end, heat must be applied from without. 

A large quantity of carbonic acid gas is evolved, and the aldehyde condenses in the 
well cooled receiver, contaminated with only a small quantity of acetic acid and other 
Bubstiinces, so that the distillate may be immediately mixed with ether, and ammoniacal 
gas passed through it as above (W. and R. Rodgers, J. pr. Ghem. xl. 248). The 
modes of formation 5, 6, and 8, above given, may also be advantageously used for the 
preparation of aldehyde. 

To obtain the pure anhydrous aldehyde from the aldehyde-ammonia formed by 
either of these processes, a solution of 2 pts. of the aldehyde-ammonia in 2 pts. water, 
is distilled in a water-bath at a gentle but increasing heat, with a mixture of 3 pts. 
Bulpliuric acid and 4 pts. water, the distillation being interrupted as soon as the water 
ill tlie bath begins to boil, and the receiver kept as cold as possible, The liydrated 
aldehyde wliich passes over is dried by contact with coarse lumps of chloride of cal- 
cium in a well closed vessel, and then rectified in a water-bath, at a temperature not 
exceeding 30'^. 

Pnyj^rrtics . — Aldehyde is a thin, transparent, colourless liquid, having a pungent 
suiTocating odour. Its specific gravity is 0*80002 at 0° (Kopp); 0’80661 at 0® 
(Pierre). It boils at 20*8® when the barometer stands at 760 mm. (Kopp); at 
22®, with the barometer at 758*2 mm (Pierre). Vapour-densi^ 1'632 (Liebig) ; (by 
calculation, 1*520, for a condensation to 2 vol.) It does not redden litmus, even when 
it is dissolved in water or alcohol. 

Aldehyde may bo regarded either as the hydride of acetyl^ or as the Atf- 

dratc or hydrated oxide of vinyl^ H \ ' Its chemical reactions may for the most 

part be explained equally well on either hypothesis; but according to the recent 
observations and calculations of Kopp, the formula C“Il*O.H, is most in accordance 
with the observed atomic volume of aldehyde, which is between 66*0 and 66*9, the 
calculated atomic volume being 66*2, as deduced from the first formula, and 61*8 as 
deduced from the second. (See Atomic Voi.ume: also Graham’s Chemistry, 2nd Ed. 
vol. ii. p. 681.) — Aldehyde is isomeric, but not identical, with the oxide of ethylene, 
C*II‘.0, recently discovered by AVurtz. 

Aldehyde mixes in all proportions with water ^ alcohol^ and ether, A mixture of 
1 pt aldehyde and 3 pts. water boils at 37®. Chloride of calcium added to the 
aqueous Boliition separates the aldehyde, which then rises to the surface. 

Aldehyde dissolves sulphur and pnosphorn^y also iodine^ forming a brown solution. 

Dry sulphurous acid gas passed into anhydrous aldehyde surrounded with cold 
water, is rapidly ab-sorbed, 11 pts. of aldehyde absorbing 9 pts. of the with 
iuorease of voliiiiio. The absorption-coefficient of aldehyde for sulphurous acid gas is 
1*4 times as great as for alcohol, and 7 times as great as for -water. (Geuther and 
Cartmell, Ann. Ch. Pharm. exi. 17.) 

decompositions. — 1. Aldehyde is veiy inflammable, and burns with a blue flame. — 

2. When kept in close vessels, it is often converted into a less volatile liquid, or into 
two crystalline bodies, which are isomeric modifications of aldehyde (p. 109).— 3. In ves- 
sels containing air, it absorbs oxygen, and is converted into acetic acid ; the action is 
greatly accelerated by the^ presence of platinum black. — 4. CMorinc-ivater and nitric * 
aetd also convert aldehyde into acetic acid. — 5. By strong sulphuric acid, it is thickened 
and blackened, also by phosphoric anhydride, — 6. When an aqueous or alcoholic 
solution of aldehyde is heated ^rith potash, it becomes yellowish and turbi<^ and a 
red-brown resinous mass, the resin of aldehyde, separates on the surface, the liquid at 
the same time emitting a spirituous and disagreeably pungent odour. The solution is 
afterwards found to contain formate and acetate of potassium. This is the most . 
idiaracteristic reaction of aldehyde. — 7. When vapour of aldehyde is passe d over red- 
hot potashdime, acetate of potassium U formed and hydrogen evolved : 

C»H<0 + KHO - C*H»KO* + 2H. 

A. Potassium (or sodiuin) acts on aldehyde in the same TnsTinAy as on alcohol, hydro- 
gen being evolved and aJdehydate of potassium, CPH*KO, produced. — 9. Al^en «n 
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aqueous sohxtioii of ald 0 h;:de is heated with oxide or nitrate ofaUver^ mixed with a 
small quantity of ammonia, the silver is reda<^ forming a beautiihl specular ooatiiig 
on the side of the vessel, and acetate of silver is formed in the solution. This reaction 
aflTords an extremely delicate test for aldehyde. — 10. Chlorine gas in contact with alde- 
hyde, both be^ diy, decomposes part of the aldehyde, forming chloride of acetyl, which 
tlien unites with the undecompos^ aldehyde, forming the compound, C*H<0.f!*H?0Cl. 
— 11. When dry hydrochloric acid gas is passed into anhydrous aldehyde surrounded 
by a freezing mixture, the gas is absorbed, and the liquid separates into two layers, 
the lower consisting of water saturated with hydrochloric acid, and the upper of oxy* 
chloride of ethylidene, C^H“CI*0 (A. Lie ben, Compt. rend. xlvi. 662): 

2C»H*0 + 2HC1 « OH»CPO + n*0. 

According to Geuther and Cartmell (Ann. Ch. Pharm. cxii. 13 ; Proc. Roy. Soc. 
X. 110) first product of the action is the body, C*H^*CI®0*, which, when gently 
heated in an atmosphere of carbonic acid, splits up into aldehyde, C^H^O, and 
C^H®CPO. The compound CH'*CPO* may be regarded os a triple moleaule of alde- 
hyde (C*H*‘0*), having one atom O replaced by Cl®. — 12. Aldehyde mixed with twice 
its bulk of absolute alcohol, and saturated in the cold with hydrochloric acid gas, 
yields the comjKnmd C^IPCIO, winch, when treated with ethylate of sodium, forma 
acctul (p. 3). — 13. With pentachloride of pko^horuc, aldchydo yields chloride of 
cthylidciie, C*H^C1*, and with pentaltroTnide of phosphorus it yields bromide of ethyli? 
dene, wliich is converted by ethylate of sodium into acetal (p. 4). — 14. Chloro* 

carlxmic oxide (phosgene gas) converts aldehyde into chloride of vinyl, C®H*C1, with 
evolution of hydrochloric acid and carbonic anhydride. (Harnitz Harnitzky, Ann. 
Ch. Pharm. cxi. 192.) 

C»H«0 + COCP - C®H®C1 + Iia + CO*. 

13. Hydriodic acid gas appears to act upon aldehyde in the same manner as hydro- 
cliloric acid, but the product is veiy unstable. — 16. When aqueous aldehyde is satu- 
rated with hydrosxdphuric acid gas, a viscid oil is formed, consisting of kydrostU* 
phate of acetyl’inercaptan : SH*.6C*H*S. On treating this oil with strong 

liydrochloric or sulphuric acid, hydrosulphuric acid escapes, and a white crystalline 
mass remains, consisting of acetyhinercaptan, C*11*S, a compound related to aldehyde, 
in the same manner as ethyl-mercaptan, to alcohol. — 17. Cyanic add vapour 

evolved from cyanuric acid is quietly absorbed by anhydrous aldehyde at 0®; but 
even at ordinary temperatures the mixture becomes heated, gives off carbonic anhydride, 
and ultimately froths up and solidifies into a mass consisting of trigenic acid, C*1PN*0*, 
together with small quantities of cyamolide, aldehyde-ammonia, and other products 
(Liebig and Wohler) : 

C*H«0 + 3CNHO - C*H®K"0* + CO*. 

AT.nB«TDATB8. — ^Aldehyde may bo regarded as a monobasic acid, inasmuch as i1 
contains one atom of hydrogen replaceable by metals. Thus, when ^tassium is 
gently heated with aldehyde, hydrogen is evolved, and aldehydate oi {X>tHsslum, 
C*H*KO, produced: and by evaporation in vacuo this salt may be obtained in Uui 
solid state. — Aldehydate of silver, C*H*AgO, is produced when oxide of silver h 
heated with aldehyde and ammonia. The most important of these salts is the am< 
monium-salt : 

Aldehydate ^f Ammonium, Aldchydc^ammonia, Acetyl-ammonium, C*H*O.NH* • 
C*H*O.NH\ or Oxide of Vinyl and Ammonium, C*H*.NH*.0. — Ammoniacal ^ai 
passed into pure aldehyde combines with i^ giving off heat, and forming a whit 
crystalline^ mass. If the aldehyde be previously mixed with ether, the compoum 
separates in distinct crystals; the finest are obtained by mixing a concentrate* 
alcoholic solution of aldehyde-ammonia with ether (Liebig). — The mystola are acut 
^ rhonil3ohedrona with terminal edges of about 86®, often truncated with the faces c 
another rhombohedron (G. Rose); they are transparent, colourless, shining, stionid; 
refinactive, of the hardness of common sugar, and very friable. The compound mwt 
between 76® and 80® C., and distils unaltered at 100®. In the state of vapour or L 
aqueous solution, it reddens turmeric vaper. Its odour is ammoniacal, but has like 
wise the character of tnipentine (Lieoi^). — dissolves veiy easily in water, lei 
easily in alcohol and ether. 

Aldehyde-ammonia is very inflammable. In contact with the air, especially if als 
exposed to light, it becomes yellow, and acquires an odour resembling that of bum 
animal substances. By distillation it may again be obtained in the colourless staU 
and leaves a brown residue, which is soluble in water, and contains acetate of am 
Bioniam and another ammoniacal salt. Even the weaker acids, such as acetic ack 
separate the aldehyde from the compound. Sulphuric acid and potash act upon it i 
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the same manner as upon aldehyde. Its aqueous solution, dkested with oxide of 
siller, reduces part of this oxide and dissolves the rest, forming ^ehydate and acetate 
of silver mixed with ammonia, from which the oxide of silver is precipitated bjbaiyta- 
water, and reduced when the liquid is heated, while acetate of barium remains in 
solution. 

Aldehyde-ammonia treated with hydrosulphuric acid yields thialdine^ ; 

3(C*H*O.KH<) + 3H*S « + (NH*)*S + 3H*0. 

Similarly, with hydroselenic acid, it yields aelenaldine^ CfH’*NSe*. With bisulphide 
of carbon it forms carbothicUdine : 

2(C»H*O.NH«) + CS* « C»H*®N"S* + 2ffO 

Aldehyde- Carbo- 

arnmonia. thialdine. 

Aldebyde-ammonia heated with hydrocyanic and hydrochloric acids yields alanine: 

C*H^O.NH* + CNH + H*0 -v HCl « + NH^Cl. 

Aldehyde- Hydro- Alanine, 

ammonia. cyanic 

add. 

But when a mixture of aldehyde-ammonia and hydrocyanic acid, with sufficient hydro- 
chloric acid to give it a distinct acid reaction, is left to itself for some time, in a closed 
vessel, especially in sunshine, colourless needle-shaped crystals are formed, consisting 
of hydrocyofnaldme, : 

S(C*H"O.NH») + 3CNH + 2HC1 + 2NH^a + 3H*0. 

Aldehyde-ammonia heated in a scaled tube to 120° C. is decomposed, and yields two 
layers of liquid, the upper consisting chiefly of aqueous ammonia, with small quanti- 
ties of other volatile buses, while the lower, wdiich remains behind on distilling at 
200°, contains a substance which has the composition C*“H'*NO, and maybe regarded 
liB ii.i\ Mehydate of Utramnylium: «= 0*11*0. N(C''lI®y. Its formation is represented 
by the equation : 

6(C*n*O.NH<) - C'®H>»NO + 4NH* + 4H*0. 

By treating this compound with baryta-water, the group C^II®0 is replaced by HO. 
and hydrate of tetramnylium is formed. 

2rC*H*O.N(C*H*)*] + Ban®0* = (C®H*0)*Ba + 2[N(C®H«)*.H,01. 

(Babo, J, pr. Chem. Ixxii. 88 ; Chem. Gaz. 1858, 136.) 

Concentrated aqueous solutions of aldehyde-ammonia and nitrate of sDver yield, 
when mixed, a fine-grained white precipitate, probably consisting of NO*Ag. 
2( 0*11*0. NH^). It dissolves very sparingly in alcohol, easily in water. 

Sul-phite of Aldehyde-ammonia, or Suljfhite of Vinyl-ammonium, C*H*(NH*)O.SO* 
(C-II*.NH<).SO* — Sulphurous acid gas passed into a solution of aldehyde-ammonia in 
absolute alcohol is rapidly absorbed; and if the liquid be kept cool, sulphite of ^de- 
hyderunimouia is deposited in small white prisms, which may be washed with alcohol 
and dried in vacuo. This compound is isomeric with taurin, C*H’NO»S — a substance 
produced by the metamorphosis of a sulphur-acid contained in the bile— but possesses 
Yiu-y diiferent properties. It is soluble in water and in aqueous alcohol, very 
s|>ariiigly in absolute alcohol. The c^sfcils decompose slowly in the air at ordinary 
temperatures, turn brown and lose weight at 100 , and are completely decomposed at 
higher temperatures, leaving a spongy carbonaceous residue. Acids decompose them, 
liberating aldehyde and sulphurous anhydride. When strongly heated with potash- 
lime, they give off ethylamine (Oossmann, Ann. Ch, Phann. xci, 122), or rathe? 
perhaps dimethylamine : * 

C*IP.NH<.S0» + KHO - C»H®N + SO*.HH. 

Compound op Aldehtdb with Acetic Anhtdbxde, C*H**0*««C*H*0*.C*H*0. 

Wlien 1 at. acetic anhydride and 1 at. pur© aldehyde are heated together in a seided 
tube to 180° C. for about 12 hours, they unite and form a liquid compound which may be 
freed from unaltered aldehyde and acetic anhydride by fractional distillation, ftirthep 
purified by washing the portion which passes over above 140° with hot water, and dehy- 
drated over chloride of calcium. It then boils at 168°. It has an alliaceous odour and 
slight acid reaction, probably arising from decomposition during distillation. Heated 
with hydrate of potassium, it yields acetate of potassium, giving off the peculiar odottp of 
aldehyde when similarly treated. This reaction diatinguiBbes the compound from Wurtz's 
acetate of ethylene (acetate of glycol), C»H*(C*H*Oy.O» with which it is isomeric; for 
that compound heated with caustic alkalis, yields hydrate of ethylene (glycoll with- 
out any ^our of aldehyde. (Geuther, Ann. Ch. ‘Riarm. cvi. 249.) 

Aldehyde appears to form similar compounds with hauoie and eweinic anhydrid^e. 
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CoMPorxD OP A 1 .DKBTDS WITH Chlobidb of Acettt, C*H*C10*«»C*H*0.C"H*0C1. 

. — Chloride of acetyl and aldehyde heated together to 100^ for three hours in a 
■ea]<^ tube, unite and form a liqmd which distils completely between 90^ and 140^. C. 
and yields by fractional distillation a considerable quantity of liquid, boiling between 
120® and 124®. This liquid is lighter than water; is ve^ slowly decomposed by cold 
water, more quickly by hot water; and dissolves easily in dilute potash, forming 
chloride and acetate of potassium, and yielding free aldehyde which is partly resinised 
by the potash. Moist oxide of silver also decomposes it, forming chloride and acetate 
of silver. (Maxwell Simpson, Compt.-rend. xlvii. 174.) 

The same compound is produced, according to Wurtz (Ann. Ch. Phys. [3] xliv. 38), 
together with chloride of acetyl, by intro<lucing perfectly dry aldehyde into a large 
vessel filled with dry chlorine. Its formation is due to the union of the chloride of 
acetyl first produced with tlie remaining aldehyde (compare p. 106), Wurtz, liow- 
ever, regards it as a double molecule of aldehyde (G^H^O'^), having I at. H replaced by 
chlorine. 

MoDincATicNs OP Aluehydb. — A ldehyde is susceptible of four isomeric modifica- 
tions, two liquid and two solid. 

a. Liquid modijv'ations. — 1. Pure aldehyde sealed up in a tube changes in the 
rourso of a few weeks into a liquid, which has a pleasant ethereal odour, boils at about 
81® and no longer forms a resin with potash; it may be exposed to the air without 
oxidising, and floats on water without mixing. (Liebig) 

2. Pui’c aldeliydo mixed with about half its bulk of water and a trace of sulphurio 
or nitric acid, and cooled to 0® C., changes into a liquid which is no longer miscible with 
M ill or, and after being purified by agitiition with water, and rectification over chlo- 
ride of calcium, boils at 125®. It has a peculiar aromatic burning taste, and is 
soluble ill alcohol and ether, sparingly also in water. Its vapour-density is 4*683,- 
wiiiob for a condensation to 2 volumes, corresponds to the formula C*H^*0*. When 
loft to itself, or in contact with water, it readily changes info an acid, and then becomes 
miscible with water; occasionally also crystals separate from it at the same time. 
IV lion licated with a small quantity of sulphuric or nitric acid, it is converted into 
onliiijiry aldehyde. (Weidonbusch, Ann. Oh. Pharm. Jxvi. 166.) 

K Solid iruxlijivatiotis, — 1. Solid and fusible Elaldchude, — Anhydrous aldehyde, en- 
cl. *si*d in a tube, together with pieces of chloride of calcium, for two months in winter, 
yicldetl long transparent prisms, which, however, disappeared again after a fortnight, 
so crnnpletely that not a trace of them could bo perceived in the liquid. — These crys- 
tals melt at + 2® C., forming a liquid which solidifies at 0®, and boils at 94®, giving off 
a vapour whose density is 4*6167. In the IHised state, this substance has an ethereal 
odour ; more agreeable and leas pungent than that of aldehyde ; its taste is some- 
what burning. Its burns with a blue flame ; its vapour passed through a red-hot 
tube yields a combustible gaseous mixture, and a small quantity of a hquid having 
an empyreumatic odour. Oil of vitriol blackens the crystals slowly in the cold, imme- 
diately when heated. The crystals may be heated with potash-ley for some time with- 
out becoming coloured, and solidify again on the surface as the lit^uid cools. When 
heated with aqueous nitrate of silver, they throw down tho silver in the form of a 
grey powder, not as a specular coating. When dissolved in ether, they do not absorb 
ammoniacal gas but remain unaltered. (Fehlin^, Ann. Ch. Pharm. ^Lxvib 319.) 

Geuther and Cartmell (Ann. Ch. Pharm. cxi. 16) have obtained a similar modi- 
tion, by saturating common aldehyde with sulphurous acid gas, dissolving; the result- 
ing liquid in water, saturating the acid with chalk, distilling, and treating the dis- 
tillate with potash, whi<^ separates the remaining common aldehyde in the resinous 
form, and leaves the modifiea aldehyde in the form of a clear liquid, which boils at 
124® C.,. like the modification obtained by Weidenbusch, and solidifies at 10®, starting 
into crystels which also begin to melt at 10®, 

2. Solid and infunbU Metatdehyde . — ^Anhydrous aldehyde kept for some time in a 
sealed tube or well stoppered bottle, frequently deposits transparent, oolourless, four- 
sid^ prisms, which traverse the whole liquid like a network. The ciystals remain 
solid at 100® C., hut at a stronger heat sublime undecomposed, in the form of transpa- 
rent, colourless, shining, rather hard needles, which are easily pulverised, inodorous, 
combustible, scarcely at all soluble in water, but easily soluble in alcohol and ether 
(Liebig). — Fehling, by exposing pure aldehyde to the cold of winter for several 
weeks, once obtained tne same ciystals, mixed, however, with a larger quantity of 
the mystals b. Th^ are hard and ea^ to pulverise ; at 120® th^ sublime without 
previous friaion. When they are sofifered to evaporate in the air, the vapour condenses 
in fine snowy Hakes (Idebig). Heated for some time to 180® in sealed tubes 
they ore reconverted into oidinazy aldehyde. (Geuther, Ann. Ch. Pharm. evL 262.) 

^ ALOBHYDE-BBstN. — ^A rcsinous body obtained by heating aldehyde with potash, either 
u aqueous or in alcoholic solution, especially the latter. It is also tbrmea in solatioiui 
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of tho in aloobol, and in acet^ when kept for a long time. According to 

Weidenbnsch (Ann. Ch. Pharm. IxTi. 158) itie a substance of a fieiy ora^e colotir 
which is reduced by drying at 100®, to a powder, having a paler tint. It dissolves in 
alcohol and ether, sparingly in water, scarcely at all in alkalis, partially in strong 
sulphuric acid, from which it is precipitated by water. When purified as completely 
as possible, it contains 76’4 per cent, of carbon, and 8*0 per cent, of hydrogen : its 
formation is accompanied by that of acetic, formic and acetylou^ [?] acid ; at the 
same time a pungent odour is evolved, proceeding from a peculiar substance which 
adheres obstinately to the resin. This substance is oily and volatile when first pro- 
duced, but soon thickens, even when alone and still more quickly under the influence 
of nitric acid, and is converted into a golden-yellow, viscid resin, which -«mells like 
cinnamon, dissolves in alcohol and ether, and sparingly in water, and is different from 
the true aldehyde-resin. 

A&SBKYBSS. A class of organic compounds intermediate between alcohols 
and acids. They are derived from alcohols by abstraction of 2 atoms of hydrogen, 
and are converU^d into acids by addition of 1 atom of oxygen : thus in the fatty acid 
series: 

C«ipn +20 - IP = and + O « C»H=»0* 

Alcohol. Aldehyde. Aldehyde. Acid. 

Aldehydes may ho regard d as derivatives : 1. Of a molecule of hydrogen HIT, half 
the hydiigen being replaced by an oxygen-radicle: e.g, benzoic aldeh^^e or bitter- 
almond oil, C’II“0 = C’H^O.H. — 2. Of a molecule of water, half the hydrogen beuig 

replaced by a monatomic hydrocarbon, e.g. benzoic aldehyde =* u [0; acetic alde- 
hyde ^ H j water, in which the whole of the hydrogen is 

replaced by a diatomic hydrocarbon: e.g. acetic aldehyde « (C*H*)"0. They are 
imieed isomeric with the ethers or anhydrides of the diatomic alcohols (p. 103), but 
differ from these ethers in the structure of the diatomic radicle which they contain ; 
ac^'itic aldcdiydo for example is the oxide of othylidene, CH*.CH, whereas the isomeric 
compound glycolic ether is the oxide of ethylene, CH®.CH'* ; thus 


CH« 

oi'H 

Aldehyde. 



Oxide oT ethylc. e. 


The following are the aldehydes at present known. 


1. Aldehydes of the form C**H*®0 = 


Acetic aldehyde 
Propionic „ 
Ihityric „ 

Valeric „ 

CEuuiitliylic „ 


. C*H<0 
. cmH) 

. C^H‘*0 
. C»H»<0 


Caprylic aldehyde [?] . 
Euodic „ 

Laurie „ 

Palmitic „ 


. OH*‘0 
. C«H«0 


2. Aldehyde of the form = C^-*O.H. 

Acrj’lic aldehyde, or Acrolein, C*H^O. 


3. Aldehyde of the formOH*^0« 
Gampholic aldehyde, or Camphor, C'*fl**0. 


4 . Aldehydes of the form =OH^»O.H. 

Benzoic aldehyde, or Bitter-aimond oil, C"H"0, 

Cuminic aldehyde, or Oil of Cumin, C*H*0. 


5. Aldehyde of the form OIP«-'®0 - or OHU-**O.H. 

^ Cinnamic aldehyde, or Oil of Cinnamon, C*IPO. 


6. Aldehydes of the form OH=^0* » ^ 

Salicylic aldehyde, or Salieylous acid, C^H*0’. 

Anisylic aldehyde, or Ams)doas acid, C*H"0*, 
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The eldehjdes cozremndiiig to known elooholB mey eH be Ibzmed from thoee 
alcohols by oxidation, either by ex^ure to the air in contact with platinum^blaok, or 
by distillation with a mixture of dilute aulphuzio acid and peroxide of manganw or 
acid chromate of ix)tassium. Aldohydea may also be prepared from the coneapondins 
acida by a general process, Tia. by distilling a mixture of the barium-aalt of &e acia 
with an equivalent quantity of formate of bariiun, thua : 


BenioatK of Fornutteof Hydride of Carbonate of 

barium. barium. bensoyl. barium. 


(Iiimpricht, Ann. Ch. Phurm. xcvii. 368; Piria, Ann. Ch. Phys, [8] xlviii. 118). 
This process is a purticnlor case of Williambon's method of producing compound ace- 
tones (p. 31). 

Several aldehydes, as benzoic, acetic, propionic, butyric, &c. ere produced by the 
distillation of albumin, fibrin, casein, and gelatin with peroxide of manganese and 
sulphuric acid. Some are formed in the destructive distillation of orgaiiw! acids, as 
acetic aldehyde from lactic acid, mnanthylic aldehyde from ricinolic aiud. CapryUe 
aldehyde is said by some chemists to be produced (together with the corresponding 
alcohol), by distiUing ricuKdic acid wntli excess of notash. According to Bouli 
(Compt, rend, xli, iOS), a new acid, is formed at the same time : 

C^H^O* - CTI*«0 + C>®H«0*. 


Uioiniiltc C'npTvIic 

acul. aldeiiyde. 


But according to M a lag utl (Cimeuto, iv. 401), the acid formed is sebacie acid 
thus: 


+ 20 = 


Riciiuitic Capryllc Sisbaclc 

acid. aldehyde. avid. 


This decomposition is supposed to take place simultaneously with that by which 
rcfylic (cap^lic) alcohol is produced (p. 97). The aldehyde might indeed be pro- 
duced by oxidation of the alcohol. According to Stadeler, on the other hand (J. pr. 
Chem. fxxxiii. 241), the product €**11**0 thus formed is not caprylic aldehyde, but 
methyl-oenanthyl, a body isomeric with it (p, 97). 

Many aldehydes are obtained directly from plants, either existing ready formed in 
the plants, or being given off as volatile oils on distiUing the plants with water. Thus, 
benzoic aldehyde constitutes the essential part of bitter-almond oil, cinnamic alde- 
hyde of cinnamon oil, cuminic aldeltyde of Homan cumin oil, and salicylic aldehyde 
or salicylouB acid, of oU of spinea. Oil of rue consists principally of euodic aldehyde, 
mixed with a small quantity of lauric aldehyde (C. G. Williams, Proc. Roy. Soc. ix. 
167). It was formerly supposed to be capric aldehyde. Benzoic aldehyde is also pro- 
duced by the action of nascent hydrogen (evolved by the action of zinc on hydrochlo- 
ric acid) on cyanide of benzoyl, hydrocyanic being formed at the same time ; 

C’H“0,Cy + HH « CWO.H + Cyll. 

This mode of formation corresponds with the representation of aldehydes as hydndea 
of acid radicles. 

^ All the known aldehydes (except palmitic aldehyde, which is a fatty solid) ara 
liqmds, which volatilise without oecompwition. They are veiy prone to oxidation, 
being converted into acids more or less quickly by mere exposure to the air. In eon- 
sequence of this tenden^ to oxidation, they easily reduce the oxides of the noble 
metals (see p. 106). Many aldehydes are converted by hydrate of potasrium, espe- ^ 
• dally in alcohoKc solution, into the corresponding alcohols, and the potassium-salt of 
the corresponding acid : thus, with bitter almond oil: 

2(THK> + KHO - (TH-0 + C»H»KO» 


Beniolc Bentyl- Beoioate of 

aldehyde. alcofauL |>ota«tlttiD. 


Cuminic aldehyde and anisylic aldehyde are decompo^ in like mMner. The al- 
dehydef of the first series (corresponding to the fatty adds) and aczylic aldehyde, are 
not decomposed in this manner: acetic aldehyde treated with potw yields acetate 
and formate of potassium and a brown resmons mass. ^ t 

All aldehydes form definite, and tor tluTmost part emtalline, compomds wi th the 
acid sulphites of the a1keli-metal% e. p. bitter-alm^d oil with add sulphite ct sodno^i 
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C'H'O.SOWsS^ + H*0 ~ ^ «»«po^ 

are for the moat part soluble in water and alcobol but WBoIubJe in sataraUds^utioaa 
of the alkaline bisulphitea. Hence by ebaking a liquid containing an aldehyde with 
excess of such a saturated solution, the aldehyde may be completely separated in the form 
of a ciTstaUine compound. This is an excellent method of purifying those volatile oils 
which have the constitution of aldehydes. The acid sulphites of potassium and sodium 
are, generally speaking, the best adapted for this purpose, as the compounds which they 
form with the aldehydes are much less soluble in the solution of the sulphite than the 
corresponding ammonium-compounds, and therefore crystallise more readily. From 
all these compounds, the aldehyde may be set free by the action of the stronger acids, 
or by neutralisation with an alkaline carbonate, and may then be obtained in the pure 
state by distillation. 

The aldehydes of the first series combine with ammonia^ forming crystalline com- 
pounds like sLldohyde-amTnonia,C'^H^O.NH» (p. 106), andvaleral-aramonia,C*H*®O.NH*. 
These compouncLs treated with sulphuretted hydrogen yield sulphur-bases, like thial- 
dine, C*H'"NSS and valeraldino, C‘*H=*»NS«, thus: 

3(C*H»O.NH*) + 3ms = + (NH^^S + 3H*0. 

Heated with hydrocyanic and hydrochloric acids, they yield bases similar to the last, 
but containing oxygen in place of sulphur: e, 

C*H"'.O.NH* + CNH + CIH + H^O - + NH^Cl. 

Leucine. 

Acrylic aldehyde appears also to combine directly with ammonia, forming a white 
amorphous compound. 

The remaining aldehydes yield with ammonia peculiar amides called hydramides, 
the formation of which is attended with elimination of 3 atoms of water, e, g. 


3(C’H«.o) + mm == H\c^my + 

Benzoic Hydrobenza- 

aldeliyde. mide. 

sec'H-o*) + mm « n»(c^h«o) » + 3H*o 

Salicylic Salhydramide. 

aldehyde. 

Aldehydes also combine with anhydrous acids (anhydrides), forming compounds 
whicliare isomeric, but not identical with the diacid glycol-ethers. Thus acetic alde- 
hyde unites with anhydrous acetic acid, forming the compound, C isomeric 

with acetate of ethylene, C®H\(C*H*0)*.0®; — also with anhydrous benzoic and succinic 
acids. Valeral forms wuth anhydrous acetic, and benzoic acids, the compounds 
C*Jl'®0.C^n*0* and isomeric with acetate and benzoate of amylcnc, 

(C*1P0)*.0“ and C'‘U'*.(C’H''0) .0*. These compounds heated with caustic 
alkalis yield acetates, benzoates, &c., of the alkali-metals, and reproduce the original 
aldehydes, whereas the m'etates, benzoates of ethylene, amylene, &c., under the samo 
cireiimstiinces, yield glycols, or hydrates of ethylene, amylene, &C. (G-euther, Ann. 
Oh. PUarin. cvi. 240; Guthrie u. Kolbe, ibid. cix. 296.) 

The calcium and barium-salts of certain monobasic organic acids, butyric and valeric 
acids, for example, yield by dry distillation, together with acetones (p. 31J, compounds 
isomeric with the aldehydes, but distinguished from them by not combining with am- 
monia: these compounds are called butgreU, vcderal^ &c. (Chancel, J. Fharm. [3] 
vii. 143; Limpricht, Ann. Ch. Pharm. xc. 111.) 

Many of the aldehydes are susceptible of polymi^c transformations. Acetic alde- 
hyde exhibits three or four such modifications (p. 108) ; and benzoic aldehyde is very 
apt to pass into the solid substance benzoin, C'*H**0*, 

The acetones or ketones are aldehydes in which the basic atom of hydrogen is re-^ 
placed by an alcohol-radicle, thus ; 

Acetone - ^ 

VaWe = gH;jo_0;HK>J 

Vm^^eton. - O - or O = j 

A&BXIIS. The generic name applied by L. Ghneliu, in his Handbook, to the aide 
hydes, the latter term being by him restricted to acetic aldehyde. In Omclin’a system, 
the terra includes sever^ organic anhydrides and other compounds not generally re- 
garded as aldehydes. (Uandb. vii. 102.) 
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MXMSMtMiOm An appmtug iStr duitillAtioOf muck uaod h/ the o/disr It 

coDButB of it body a, to whieb is acbtpted a hisd 4 of eonicsl abi^ and bajing to 
external ciretxmference or base depfeam lower than ^ . 

the neck, so that the irspoon which rise and are eon* ^ 

densed against the sides, run down into the cizcidar 
channel formed by its draressed part, whence they 
priss through the nose or beak c, into the receiver cr. 

The alembic is now scarcely us^ in the laboratoxy, 
being superseded by the retort, which is simpler and 
Jess expensive. Nevertheless, the alembic has its 
advantages. In ptirtieular the residues of distilla- | 
tioiis may be easily cleared out of the body a ; and in 
expt'rinients of sublimation, the heatl is very con* 
venient to receive the dry products, while the more 
volatile portions pass oyer into the receiver. Glass 

alembics are now used in some manufactories of sulphuric acid for effecting the Anal 
concentration of the acid. 

AliSIttBSOTB-SiLXiT. A name given by the alchemists to one of the double 
chlorides of mercury and ammonium, 2(NJi^CI.HgCl) + H*0, also called Salt of wisdom* 

AliBXAVDUTlb (See Chbysobbryl.) 

AXiCIABOTB (Powder of). The alchemical name for the oxychloride of anti- 
mony, produced by throwing the chloride (butter of antimony) into water. 

AXiCtBftlTS« — A hydrated silicate of alumina, occurring in New Jersey, and crys- 
tallising, sometimes in right, sometimes in oblique prisms. The following analyses ol. 
it have been given by Hunt and Orossley : 



Silica .... 

. . • 62*16 

62*00 

Alumina 

• • • 26*08 

25*42 

Sesquioxide of Iron 

. . . 1*94 

1*64 

Magnesia . • 

. . . 1-21 

6*39 

Potash . • « 

. . • 10*69 

10*38 

Water . . , , 

. . . 7-92 

6*27 


loo 

100*00 


A BXMBB TTABT BVBSTAWOBS. (See Nutrition.) 

ABZSMZir. An acrid, bitter extract, probably a mixture of several compounds, 
ohbiin^'d from the water-plaintain (Miama Hanta^o) (Jacb, Hepert Pharm. it, 174 ; 

AliZXIA-CAmBOB* A crystalline substance, sometimes deposited on the 
inner surface of the bark of Alixia aromatka. The crystals are white ana capillaiy, with 
a slight aromatic taste and the agreeable odour of the plant. They sublime undecom* 
posed between 70® and 80®C., but at higher temperatures they melt and form a brown 
subst^ce. Thev are insoluble in cold, but soluole in warm water, forming a neutral 
solution, which deposits the crystals unaltered ; so likewise does the distillate obtained 
from this solution. They dissolve readily in alcohol of 80 per cent., in ether, oil of 
turpentine, caustic potash, carbonate of potassium, and caustic ammonia. Nitric add 
of sp. gr. 1*2 does not dissolve, but merely colours them yellow. (Handwort. d« 
t'hem. L 431.) 

AXiZZAJfcZO AOZB* Obtained bj Schunck by the action of nitric acid 'on alizarin, 
and shown by Wolff uid Strecksf tOoiB identical with Laurenfs pbthalic acid (whieli 
see.) 

.ABZBABXBr. + 2H*0 [or JWraw ada.— A red coldi^- 

ing matter obtained from madder. It was first prepared by Robiquet and Colin 
(Arm. Ch. Phys. [2] ijodr. 226), who obtained it by digesting pounded madder with 
water at 16® or 20® C., exhausting the gelatinous extract thereby obtained with alcohol^ 
and treating the alcoholic solution, after concentration, with dilute sulphuric acid, Apra^ 

. cipitate wim thereby obtained, which, when washed, dried, and subliim^ yielded altzarm 
ID loi^, brilliant needles, having the red colour of native chromate of lead. Aliiarin ia 
identical with Runge’s madder^ed ( J. pr. Chem. v. 362), and with the Mmewhat impart 
mature otdorante rouge^ obtained from madder by Persoz sad Gaultier de ClaubrV 
(Ann. Ch.Phya. [2] xlviii. 69), and has been prepared in tbepure state by SehnneK 
(A^ Ql Pharm. Ixvi 174), Debus (ibiilxv, 361% and by Wolff and 8trecke|K 

g ad. IzzT. 1). It appean not to exist ready formed in maader, but to be proditeed( 
the decomporitioii of rubiaa and rubmthric acid, t^e Maddob.) 

Voi* I, 1 * 
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Preparaiuyn according to Wolff and Strecker. — Madder is esliaiisted with boUing 
water; the decoction ia precipitated by sulphtiric acid; and the washed precipitate! 
while yet moist; is boiled with a concentrated solution of alumina in hydrocmoric aei^ 
which dissolves the colouring matters, and leaves a dark brown residue. The solution 
mixed with hydrochloric acid deposit red ilakes, consisting of aliziurin, more or less 
eontaminatcd with purpurin and resinous matters. This precipitate is dissolved in 
alcohol, or in dilute animoni^ and the solution is treated with hydrate of alumina* 
which unites with the colouring matters ; and the alumina-compound thus formed is 
boiled with carbonate of soda, which dissolves the purpurin and leaves the alizarin ii^ 
combination with the alumina. Lastly, this compound, after being freed fiom resinous 
matters by digestion in ether, is decomposed by hot hydi*ochloric acid which dissolves 
the alumina; and the alizarin thus separated is washed, dried by simple exposure to 
the air, and purified by repeated crystallisation from alcohol. 

According to Schwartz (Bull, dela Soc. industr. de Mulhouse, 1856, No, 135), the 
purest alizarin is obtained 1>y subliming on paper an alcoholic extract of madder having 
at least 36 times the eoloiiring power of the root itself. According to Plessy and 
Schii tzen berger (Omipt. rend, xliii. 167), when an extract of madder prepared with 
wood-spirit, is triturated with a tenfold quantity of water, and heated to 250° in a 
closed vessel, the water on cooling becomes filled witli ciy stals of alizarin ; and tho 
fused extractive mass remaining at the bottom of the vessel, yields, when again treated 
in the same manner, an additional quantity of very pure alizarin. 

Anderson, by treating opianic acid = alizarin •+• 211*0) with sulphuric 

acid, obtained a colouring matter (probably ubzarin), whicli yielded all the madder 
colours with alumina and iron mordants. (Edinb. Phil. Trans, xxi. 1, 204.) 

Alizarin in the anhydrous state forms red prisms, inclining more or less to yellow, 
according to the size of the crystals. It ooinbinos with 2 at. water, forming .scalv 
crystals like mosaic gold. These crystals givo off their w^ater at 100 ®0., becoming 
ojiaque and of a darker colour. ^ At 215° tho compound sublimes, yielding a crystallines 
sublimate of the same composition as alizarin dried at 100°; nevertheless a consider- 
able (juiiiitity of <elKircoal is always left behind'. 

The Ibllowing are tlio mean results of the analyses of alizarin dried between 100° 
and 120° oc, sublimed : 


10 c . 

CdiiUlaiton* 

Rnbiqnet. 

Schunck, 

Dchiifi. 

Rorhiotl r. 

. 120 68-96 

6972 

69-4 

68-96 

67-93 

(3 11 , 

6 ,3-45 

374 

4*0 

3-78 

377 

3 O . 

. 48 27-69 

26*54 

26-6 

27-26 

28-30 


174 10000 

100-00 

100 0 

10000 

lOO-OC) 


«H*arln the formula C»-»H>0O< + 2H*0. According to the formala 
C* ali*»irin la closely related to I.aurenl*« chloronHphth&tic add, The larter when 

boUed with nUrle acid, yh-lda phthallc and oxalic acid, like Hlixarin {vid. tM/.).~Accordinir to recent 
re*carche», the formula of alixarln Is C>4H«0* (see Supplbubnt). lo reteni 

Alizarin dissolves but sparingly in water, even at the boiling beat; but according to 
PlessyandSchntzenberger(foc. cif.)its solubility is much increased by heating to 
higher temperatures in close vessels, 100 pts. of water dissolve 0 034 pt. of alizarin 
at 100° 0. ; 0 035 at 160° ; 0*82 at 200°; 1*70 at 226° ; and 3*16 pts. at 260° 

Alcohol and ether dissolve it, forming yellow solutions. It is not decomposed by 
nydrocliloric acid. Strong sulphuric acid dissolves it, forming a brown solution from 
which the alizarin is precipitated by water in orange-coloured flakes. Nitric acid at 
the boiling heat dissolves it, with evolution of red vapours, forming phthalic acid and 
probably also oxalic acid (Wolff and Strecker): ^ 

+ H»0 + 40 - OTW + C*H»0* 


Alixarin. 


Phthalic 

acid. 


Oxalic 


WIU. 

by boiling with ferric chlopi<le or m'trsto 
I ^'.'’lonno converts it, when snspended in water, into a yellow rabstanc* 
w'^^***'* “'halui without much colour, and yields a colourless sublimate when 

AUaarin dissolves in caustie alkalis and in alkaline carbonates, forming deep purple 
srfutiona Item which it la p^pitoted by acids in orange-colour^ flakes. ThSaS! ' 

manner, two compoun^ are formal, viz. aC'HW.SBaHO and C"H%^BaHO. 
dlina d^lOTUM an atoholic solution of alizarin, forming a heantifhl re«l lake An 
ammomactil eolutiim of aiiznrm forms with salts of magnesium, iron, copper, and silver. 
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purple precipitates with u re.1 or bluish iridesceuce. The silver precipitate iMTComes 
reduced after some time. The alcoholic solution of aliaarin forms with an alcoholic 
solution of acetate of lead, a purple pnvipituto coiilnining 20^1I*‘'Pb''0*.8Pb''0 
accoiding to Schunck, and 3C**H'^0*.2Pb"0, aecordiug to Debus. * 

A&SSXTB. (See Pimblite.) 

JkXMJLLXm Alcalij Langensal::. The word alhtU is used in various senses. In 
its most re8tricte<l, but most usual sense, it is applied to lour aubstanct's only ; hydrate 
of potassium (potash), hydrate of sodium (soda), hydrate of Hthiiim (lithia), and hy- 
♦dratc of ammonium (which maybe supposed to exist in Uic aqueous solution of ammonia). 
In a more general sense, it is applied to the hydrates of tlio so-called alkaline earthe 
(baryta, strontia, and lime), and to u large number of organic subst^iucea both natui'al 
and artificial, which are more fiilly described in the articles Alkaloids and Ahmonium- 
BASES. The first four bodies are sometimes spoken of as alkalis proper^ when it is 
wished specially to distin^iish them from the other alkalis. 

As the individual alkalis are described with suliicient detail in the articles specially 
devoted to each, we shall confine this article to a discussion of those pi^operties which 
they all possess in common ; in onlcr, as far as ix)ssible, to define the essential nature 
of alkalinity, and to point out u|xm wliat grounds this or that particular body is classed 
as an alkali. These objects will probably be Ix'st attained by tracing the most ini- 
pirtunt of the successive steps by which the wonl alkali, wliich w'as at first the name 
of a single substance, lias come to be the generic name of an indcllnito number of bodies. 

The term alkali w'as first used in chemistry to designate, the soluble part of the ashes 
of plants, especially of sca-’weed (carbonates of sodium and iwlassium). It was, how- 
ever, soon extended to several similar substances which W'ere obtained by other pn»- 
cesses : for instanite, to salt of tnrtar.and to carbonate of potassium obtained by heat-, 
ing nitre with charcoal. The substances obtained by tlit^se processei, and by other* 
of like nature, were regarded as identical, or at most, as mere varieties of tlie same 
siihstaiico. Alkali was, therefore, not yet used as a generic name, but ns the speeitlc 
name of a particular substance. The character whicli w-as chiefly depended upon for 
distinguishing alkali from other substances was the property of cftcrvescing with acids. 
This profiorty was supposed to bo characteristic of, and essential to, ulknline bodies, 
till after the middle of the 18th centuiy. Another property of alkali which was early 
observed was its opposition to acids, and power of destroying their most distinctive 
charactei*s. On account of its possessing these properties, carbonate of ammonium, 
which had been known since the tliirteenth century, was, from the beginning of the 
seventeenth ecMitury, regarded as a kind of alkali. The power of alkali to change many 
vegetable colours was recognised at a later period than the properties above mcutionco, 
but was well knowrn to Boyle, who also knew that colours which had been thus altered 
eould bo restored by acids. 

It w*as first clearly established in 1736^ by Duhamel, that there existed tw'o essentially 
di.stinct kinds of fixed alkali. From this time, three kinds of alkaH were recognised, 
— vegetable alkali, mineral alkali, and volatile alkali, corresponding respectively to 
potash, soda, and ammonia, or to their carbonates. 

We have already said that, far on in the eighteenth century, the pow-er of efferves- 
cing with acids was regarded a.s an essential property of alkalis. Boyle had indeerd 
obseived, in 1684, that volatile alkali coidd be obtained by distillation over quick lime 
in a condition in which it no longer effervesced with acids, although it retained all its 
other usual properties. But, notwithstanding isolated ob.servalion.s of this kind, non- 
effen-escing alJmlis were regarded rather as subordinate varieties of the ordinary 
alkalis than as essentially different substances. 

Moreover, it was knowm at a very early date, that quick lime altered some of the 
properties of alkali. This alteration was expressed by calling alkali, which had not 
oeen acted on by lime, mtltl, and alkali w'hich had been so acted on, eanstic. The 
effect of the lime was ascribed by Basil Valentine (latter half of the fifteenth century) 
to heat (“ die Hitze aus dem lebendigen Kaik**) wnich it imparted to the alkalL And 
the idea that lime in burning combined with an active principle — “matter of fire ~ 
which it gave out again partially to water (when slii^cd), and completely to alkali, 
remained long dominant. Van Helmont (circ. 1640) regardwl the substance taken up 
by lime as a kind of sulphuric acid, whence the beat evolved in the action of water on 
quick lime. Moyer, as recently as 1764, supposed the Hme-salt of a peculiar acid, 
Qcidum pinque^ to Ijc formed during the burning of lime, and that when this salt wse 
treated uitn a mild alkali, a corresponding alkaline salt (caustic alkali) was obtaiiied. 
The greasy feel of the caustic alkalis su^csted the name of the acid which Meyer 
supposed them to oontain.* 


• It it A renuirkabt* Blustnitioa of tbe cbmae irhJch Ufcrf place in ihe Idew attach«»d to 
«onl. that beih Van H^hnoiit and Meyer ahmtM attrilmi-d what we oomider an caaltatMO of tM 
ettaiiM property totbeeaeoev of aaeeidL iSee Aritia, p. 4a> 
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The true nature of the difference between caustic and mild alkalb wa« discorewd 
by Black in 1766. Black’s investigation of this subject occnj^ies so imjjortant a ^a^ 
in the history of general chemical theoiy, that it is worth while to consider a little in 
detail his experiments and the conclusions ho derived from them. ^ 

His first observation was that quick lime, when deadened by exposure to aor, became 
heavier, not lighter, as was to be expected, if the change which took place consist^ 
in the escape of fire-matter. He made a similar observation in the caac of magnesia 
(a substance which he had previously found to be distinct from lime). He found fiirther 
that magnesia, in the state in which it effervesces with acids, lost considerably in^ 
weight when calcined, and that it then no longer effervesced with acids, although it 
formed with them salts exactly similar to those of effervescing magnesia. In order to 
find out what was the substance which effervescing magnesia lost when calcined, he 
repeated the calcination in a retort connected with a well cooled receiver. In this 
experiment, he obtained nothing but a small quantity of water ; it occurred to him, 
however, that a gas miglit have escaped, and that this gas might be the same as that 
which is evolved during the solution at magnesia alba (effervescing magnesia) in acids. 
Following out this supposition, he came to the conclusion that the effervescing inag- 
nesia which is precipitated by a mild alkali from a solution of calcined (not effervescing) 
magnesia in acid, could obtain the gas, which caused it to effervesce when dissolve^ 
from no source except the alkali. Hence he concluded further that the mild alkalis 
contain the same gas as is expelled from magnesia alba by calcination ; that, when 
they combine with acids, this gas is separated and causes effervescence ; and that, 
when a magnesia salt is precipitated by a mild alkali, the gas leaves the latter and 
unites with the magnesia, in combination with which it is precipitated. These con- 
clusions were verified by the following quantitative experiment. A weighed quantity 
of magnesia alba was calcined ; it then dissolved in sulphuric acid without effe^escence. 
The solution was precipitated by mild vegetable alkali (carbonate of potassium), the 
preeii)itiite waslied, dried, and weighed : its weight was almost exactly the same as 
that of the original magnesia alba^ and it behaved in every respect like that substance. 
On a farther examination of the gas, which is expelled by acids from the mild alkalis 
and Ihno, and from magnesia alba, Black found it to be the same as thatwhich is formed 
during fennentation, and gave it the name fixed air. 

From the auiii of liis observations, Black deduced the following general conclusions. 
The efforsTscing earths and alkalis contain fixed air, which can be expelled from the 
former by heat, though not from the latter, but which is expelled from both by acitls ; 
the alkalis and earths are caustic when they contain no fixed air, and therefore their 
causticity does not depend on the presence of any peculiar constituent, but is a pro- 
perty possessed by them in a state of purity ; quick lime renders the alkalis caustic, 
not by imparting to them any principle of causticity, but by the removal from them 
of fixed air ; lastly fixed air partially neutraUses the alkalis by combining with them, 
insomuch ns it destroys their causticity. 

Two of the most important effects which the adoption of Black^s theory had upon 
the received ideas of alkalinity were that it caused chemists to perceive (which they 
had not done before), a necessary opposition between the causticity of an alkali and 
its power of effervescing with acids, and caused the term alkali to be transferred from 
the carbonated to tlie caustic alkalis. 

Besides the substances to which the name alkali was first given, it was soon per- 
ceived that certain kinds of earth possessed, in some degree, alkaline properties ; that 
is to say, the power of effervescing when acted on by acids, and of neut^ising their 
acid properties. Earths which possessed these qualities were called terra absorbefUes, 
or terra rJcalina, and were long supposed to owe their peculiarities to the presence 
of alkali as one of theii constituents. 

It is not easy to make any precise statement as to the degree of similarity or of 
dificrence which was supposed to exist between these bodies and allcRU proper. The 
difficulty arises pa^y from the fact, that, until they had acquired some i^a of the 
principles of chemical analysis, chemists had no sure means of ascertaining the iden- 
tity or individuality of chemical substances, and hence often called different bodies by 
the same name, or, on the other hand, gave difiEerent names to the same substance 
when obtained by diff^nt processes ; partly also, from the word alkali having been 
used formerly as now in various senses : by Xiemeiy, for instance, to include all sub- ' 
stances whicai efiEervcsce with acids ; by Stahl, to include all those which neutralise 
acids ; by many others, however, to denote none but the substances now known as the 
alkaline carbonates. This uncertainty in the use of the word is not surorising, when 
we remember that our present more extensive knowledge docts not enable us to point 
out any one difference of fundamental importance between the alkalis and the alkaline 
^ttJfths. ^ The different aolubility in water of their carbonates probably fumisheB a more 
exact distinction than any other single property. This character was pointed out by 
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Duhamd in 1736, as a mneric difference. He distingQished earths ih)m by 

the prapeity which the latter hare of pi^pitat^ the former from their solutionis 
and the alkaline earths frx>m others by their capability of completely neutialising iwt id ih 
These distinctions hare, for the most part, been erer since retain^. 

It is not necessaiy to discuss with much detail early ideas relating to the ultimate 
constitution of the alkalis and alkaline earths. A similarity of constitution between 
the earths and metallic calces was soon suspected ; in consequence of which Neumaaii^ 
before the middle of tlie eighteenth century, endeavoured to get a metal from quick 
lime. By the later phlonstic chemists, both alkalis and eartes wore, like metallic 
calces, regarded as simple bodies. Lavoisier, though he regarded metallic calces as 
cximpounds, continued to class the alkalis and earths among elementary bodies, inas* 
muen as there was no known means of decomposing them. Ho considered it probable, 
however, that they contained oxygen, and suggested that the earths might bo oxides 
of metals which had a greater amni ty for oxygen than carbon, and therefore could 
not be reduced. Many attempts were made by Lavoisier's foUawers to verify these 
suppositions ; but their uniform failure seemed almost to have woved the elementsiy 
nature of the bodies in question, when, in 1807, Sir Humphiy Davy succeeded in re- 
ducing jwtash and soda by the galvanic current. Tlie composition of volatile alkali 
(ammonia), was approximately ascertained by Berthollet in 1785. After the discoveiy 
of o^gen in the ilxed alkalis, it was long supposed by Davy and Berzelius that am- 
monia also contained oxygen. The idea that aqueous ammonia contained the oxide d 
R compound metal, which likewise existed in the ammonia-salts, was suggested by 
Berzelius in 1820. (See Amhonium.) 

In the present state of chemical theory, the relations of the alkalis to other sub* 
stances le^ to the representation of them as hydrates, or as water in which half the 
hydrogen is replaced by a metal, or compound radicle. (See Tvras.) 

The earliest addition made by modem chemistry to the old list of alkalis was morphi% 
discovered in opium by Sertiimci* in 1806, but first fully described by him in 1817. 
This was the first organic alkali, or alkaloid which became known ; but, when tha 
general attention of chemists was directed to its existence, it was soon found to bs 
one of a very numerous class of compounds (see Aulaloids). Of late years, a large 
number of bodies, possessing many points of resemblance to the natural alkaloids have 
been obtained by artificial processes. The constitution of these artificial alkalis ia 
similar to that of hydrate of ammonium : they represent hydrate of ammonium in 
which hydrogen is replaced by an electro-positive radicle (in most cases a hydrocarbon^ 
(see Amuoniuic-bases), or in which nitrogen is replaced by phosphorus, arsenic^ or 
antimony. 

The following properties are common to the mineral alkalis and to many of tho 
organic alkalis. 

(1) They are more nr less soluble in. water, the alkalis proper much more so fehmn 
the alkaline earths. (2) They neutralise completely the strongest acids, and with 
weak acids form salts possessing in some degree, alkaline properties. (3) Their aqueous 
solutions exert a caustic or corrosive action on vegetable and animal substances ; (4) 
precipitate the heavy metals from most of their acid solutions as hydrates or as oxidWi; 
(5) and alter the tint of many colouring matters ; for instance, they turn litmus, which 
has been reddened by acid, blue, they turn turmeric brown, and syrup of violets and 
infrision of red cabbage, green. The extent to which the various aUudis dissolve in 
water appears to determine the degree in which thqy possess the last three proper^ 
(3, 4, 6), the most soluble possessing them in a greater degree than the resL Ihe action 
on colouring matters appears to belong to all metallic hydrates which are soluble in 
water, and is poBsessed by the hydrates of lead, silver, and mercuiy, in a degree emv 


Mending to their sl^t solubility. 

(For fruther historical details concerning alkalis and alkaline earths, see Kopp^ 
Oeechichte der Ohemie, vols. iiL and iv.). — G. C* F. 

• A TiTM BTJtX is the determination of the amount of real alkali in alkaline 

nuztorea and liquids, ouch as the commercial carbonates of mtassium and sodium 
(commonly called potash and so^), in wood-ashes, solutions or caustic and eaibonated 
alkalia, &c. This estimatioii, like that of the strength of acids, may be made eiUmr 
by volumetric or by weig^t-analysu. 

The volumetric method ef alkalimetry ia merely a particular ease of the general 
method of ** Analysie by Saturation," described in the article AvAnveis, VounuTRiq 
(wluch see). The valuation ef an by the amount of a standard acid aolntion 


^ Gay-Lussae, and still fiirther by Hobr. (Lehrbnch der chemisch-analytiedieii 
^triimethode, Biannechweig; 1866.) 

uutead of the sulphuric or hydrochloric acid genera^ used fbr the pnrpoee, Mbiv 
wwnmenda oxalic add, because it can be weighed wite greater aocani^ tium any 
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liquid acid, and because its standard solution may be kept for any length of time with* 
out change. To obtain it pure, the commercial acid, which is generally contaminated 
with the oxalates of potassium and calcium, is finely pounded, and treated with a 
quantity of lukewarm water sufficient to dissolve only a portion of it ; the solution is 
filtered and left to crystallise ; and the crystals are collected on a filter and driefl in 
the air, till they no longer adhere to each other or to the paper. The acid is thus 
obtained pure, and containing exactly C -h 2H*0, the atomic weight of which 

is 126. 

Tlie standard solution is beat made of such a strength that 1000 cubic centimetres 
(1 litre), shall contain exactly one i-gramme-atom {i,e, 1 atom expressed in i-grammes) 
nf the acid. This is eftected by dissolving in water ifS = 63 grammes of the crystals, 
and diluting the solution to the bulk of 1 litre. 1000 c. c. of this solution contain one 
|-grammc-atom of acid : hence 2 c. c. contain 1 milligramme-atom of acid, and 
sutuiiito 2 milligramme-atoms of a caustic alkali (KHO or NaHO), 1 milligramme of 
Mil aniiydrons alkali (lOO or Na*0), or of an alkaline carbonate (CO*IC® or CO®Na=*.) 

To estimate tho value of a sample of commercial potash or soda, 3 or 4 grammes of 
it. are first ignited in a platinum crucible in order to determine the amount of water 
contained in it. The residue is tlien dissolved in water; a few drops of litmus are 
added ; and tho standard acid is gradually added from a burette till the first appearance 
of a purple-red or wine-red colour. This takes place when a little more than half the 
alkaline carbonate is decomposed hy the oxalic acid : for the first portions of carbonic 
acid disengaged by tho oxalic acid, unite with the remaining portion of alkaline car- 
bonate to fonn acid carbonate, and it is only when half tho alkali has been neutralised 
in this way that tho carbonic acid is actually set free and reddens the litmus. After 
this staigo has been attained, the oxalic acid must be very cautiously added till the 
purple-red produced by tlie carbonic acid, just passes into a bright yellowish-red, in* 
dicatin^ the prc.sence of free oxalic acid, and showing that the whole of the alkjdi is 
neutralised by that acid. Each c. c. of acid thus employed corresponds to 1 milli- 
gramme of caustic alkali, or to one |-milligrammo of alkaline carbonate, t, e. to 0-040 
grm. caustic soda (NaHO), 0*056 grm. caustic potash (KHO), 0*069 grm. carbonate 
of potassium (CO'K*), and 0*053 grm. of carbonate of sodium. The amount of caustic 
alkali oi; alkaline carbonate is then found by a simple proportion ; thus : 

100 : 6*3 : : number of c. c. employed : amount of carbonate of sodium. 

By operating on 100 times the |-milligramme-atom 6*9 grms. of carbonate of 
potassium, or 6*3 grras. of carbonate of sodium), all calcmation is saved : for as this 
amount, if perfectly pure, would require 100 c. c. of acid for its saturation, the number 
of c. c. actually required indLcatcs at once the percentage of alkaline carbonate. The 
burettes commonly used contain 60 c. c., and ai*e graduated into half c. c. ; sq that by 
operating on 60 times the ^milligramme-atom, the number of divisions employed in- 
dicates tlic percentiige. 

In operating upon alkaline carbonates in the manner just described, it is difficult to 
notice the e.xact moment when the wine-red colour of the litmus due to the presence 
of fi*ee carbonic acid, changes to the light red produced by oxalic or other strong acid. 
Eor this reason !Mohr recommends the following, called the residu<U method. The 
standard acid is added till the colour of the litmus is distinctly bright red; the solu- 
tion is then heated to boiling, and a slight excess (6 to 10 c. c.) of acid is added. 
The hot solution is freed from carbonic acid by amtation and by cLrawing air through 
it by means of a glass tube, and tlien neutralisca with a standard solution of caustic 
soda (Ana.t.ysis, Vulumuthio), till the colour just changes fipom red to blue. Since 
tlio acid and alkaline solutions neutralise each other, volume for volume, it is only 
necessary to deduct tho number of cubic centimetres employed of the latter from 
that of the former, and calculate the amount of alkali from the residue. In esti- 
mating the strength of caustic alkaline solutions, this residual method is of course 
unnecessary. 

To determine the proportion of caustic alkali and alkaline carbonate in a mixture of* 
the two, two equal portions of the solution must bo token : one of them treated with 
chloride of barium, whereby the alkaline carlionate is converted into chloride, and cai> 
Imnate of barium is precipitated. The liquid is filtered and the quantity of caustic 
alkali determined in tho filtrate ns above. The second portion of the solution is 
neutralised with the standard acid, without pro rious treatment with chloride of barium, 
and the total amouut of alkali, existing both in the caustic state and as carbonate, is 
thereby determine<b The first result deducted &om the second, gives the quantity of 
alkali existing as carbonate. 

If it be preferred to make these estimations with the ordina^ English weights and 
measures, tho standard solution of oxalic acid may be made by dissolving 63 grains 
(|-graiu-atom) of Uio cirj'stallised acid in water and diluting the solution to 1000 
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gcm-mietmatk at 00° F. This , 
atom of » esDStic alkali (40 grains of 




^ of the solution will then neutralise 1 1 
da NaHOf or 66 grains of potash KHO^ and 
|-giuin-atofm of alkaline carbonate (69 grains of CO*K*, or 63 grains of CO*Na*), and by 
operating on of these quantities of the substance to be tested, the percentages will 
be giren at once by the number of graiu-measures of the standard acid employed 

A convenient method of estimating by volumotric analysis the proportion of ratash 
and soda in a caustic mixture of the two, has been kindly communicated to the Editor 
by Mr. John Bale of Combrook, near Manchester. It depends upon the fact that 
acid tartrate of potassium, though moderately soluble in water, is but very sparingly, 
if at all, soluble in a liquid containing acid tartrate of sodiu^ ^ The method is as 
follows : Add to the mixture a standam solution of tartaric acid till an acid reaction 
just becomes perceptible; the alkalis are thereby converted into neutral taitrates; 
then add a second quantity of tartaric acid equal to the first, so as to convert them 
into acid tartrates : the whole (or nearly the whole) of the acid tartrate of potassium 
then separates. Next filter oil' the solution of acid tartrate of sodium, and add a 
standara solution of caustic soda till the liquid just exhibits an alkaline reaction. 
The quantity of the soda solution thus added is equal to the amount of soda present 
in the mixture. — The quantity of tartaric acid required to form acid tartrate with the 
soda, subtracted from the total quantity added to the mixture of the two alkalis, gives 
the quantity required to form acid tartrate with the potash ; and thus the amount of 
potash is determined. This method would scarcely be applicable whore scientiflo 
accuracy is required ; but, for rapid estimation in commexciu practice, it is found to 
give good results. 

Alkalimetry by Weight-analysis, — The proportion of alkali in the commeroial car- 
bonates of potassium and sodium may be estimated by determining the quantity of car- 
bonic anhydride evolved when the carbonates are decomposed 
by an acid : for 22 parts of carbonic anhydride (CO*) corre* 
spond to 69 parts of carbonate of potfissium (CO*K*), and to 
63 parts of carbonate of sodium (CO*Na*). The apparatus 
employed is the same as that described in the article Acn>i* 
metry; but the method of using it is slightly different. A 
w'eighed quantity of the carbonate to bo examined is dis- 
solved in warm water in the flask A, and a quantity of hydro* 
cliloric or dilute sulpliuric acid more than suflScient to 
decompose the carbonate, is placed in a short test-tube 6, 
which IS carefully introduced into the flask, so that it may rest 
against the side. The apparatus having been then weighed, 
the extremity of the tube c in closed by a plug of wax, and 
the flask is tilted so that tlie arid may run over into the 
alkaline liquid. Wlien the evolution of gas ceases, the flask 
is heated to complete the decoin positiun ; the wax plug is 
removed and air orawTi through the apparatus to remove the 
carl>onic acid remaining in it ; and the flask after cooling is 
again weighed to ascertain the loss of carbonic acid. At 
the conclusion of the experiment, a piece of blue litmus-paper most be thrown into the 
flask, to try whether tlie liquid is acid ; if not, more add must be added, and the pfO* 
cess repeated. 

The apparatus of Will and Fresenius {fig, 6) may also be used. The alkali dla* 
solved in water is then placed in the flask A, and 
strong sulphuric acid in b; and the whole appa- 
ratus is weighed; the tube a 6 is closed with a 
wax plug ; and suction is applied by the mouth at 
the end of the tube J, so as to draw a few bubbles 
of air from a into b. On discontinuing the suction 
^the pressure of the air forces a small quantity of the 
acid in b into the flask a, whereby a portion of the 
alkaline carbonate is decomposed. This process is 
repeated as long as any gas continues to be evolve*^ 
after which the flask a is heated, and the experi- 
ment completed in the manner just decribea. 

If the^ alkaline carbonate contains any caustic al- 
hali, which may bo known (in the absence of sul- 
phide), by its solution having an alkaline reaction 
after the addition of excess of chloride of barium, 
another ^ual portion must be mixed with about one- 
third of its weight of carbonate of ammonium, and 

3 parts of quartz-sand (to prevent caking), and heated till the water and amnieiilii are 

I 4 



Fig, 6. 
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expelled ; the dry residue is then derompos^ as above. The exoem of alkaline etas 
bonate obtained in the second determination is due to the caustic alkali in the sampl^ 
which is cor verted into carbonate by ignition with the carbonate of anunoninm; and 
£rom it the amount of caustic alkali is easily calcnlated ; thus for soda : 

CO*Na* : 2NaHO [or CO^,NaO : NaOMOX « 106 : 80. 

The snlphites, hyposulphites, and sulphides of the alkali-metals, which offceh occur 
in commercial samples of alkah, especially in “ball-soda," introduce errors both into 
the volumetric and the weight-analyses : into the former, by neutralising a portion of 
the test-acid, and into the latter by evolving sulphurous acid or sulphurett^ hydro- 
gen, which would be estimated as carbonic acid. When the amount of alkali is to ^ 
determined by the volumetric method, these compounds maybe decomposed by igniting 
the substance with chlorate of potassium, whereby th^ are all converted into sulphates. 
For the carbonic acid estimation, they may he oxidis^ by adding a small quantity of 
neutral chromate of potassium to the solution in the flasl^ before commen<mig the de- 
composition. 

The carbonates of the earths, which would introduce similar errors, may be removed 
by dissolving the alkaline carbonate in water and filtering. 

A1«K A&OZ3I8. Organic Alkalis, Organic 'Basts. — At the beginning of this C6ntuiT« 
tlie only substances in which alkaline properties had been recognised were potash 
soda, ammonia, and the alkaline earths (see Alkali). In 1817, Seitumer drew 
attention to the existence in opium of a substance whose alcoholic solution acted upon 
vegetable colours like the solutions of the alkalis, which combined directly with 
forming neutral salts, solublo in water, and giving the usual reactions of the adds 
from wliich they were formed ; and which was precipitated from solutions of its salts 
hy the mineral alkalis. To this substance, Sertiimer gave the name morphine^ and 
in consequence of its possessing the properties just mentioned, regarded it as a kind 
of alkali. After the discovery of morphine, it was soon found that many vegetable 
products which had been long known as exerting marked physiological effects 
cinchona bark, nux vomica, tobacco, &c.). Contained similar alkaline principles, 
number of such natural alkaloids now known is very great, and includes many sub- 
stances which cannot in any strict sense be termed alkalis, but which are connected by 
such insensible gradations (between intermediate terms) with substances decidedly 
alkaline, that they must Tie regarded as possessing essentially the same chemical 
nature as the latter. Since 1848, a great number of organic alkalis have been obtained 
artificially. Some of these rival potash and soda in the degree of their alkalinity, 
while in others the existence of alkaline properties is barely perceptible. 

The only property which is possessed by all alkaloids, wnether natural op artifidal, 
is that of combining directly with acids to form salts possessing a certain degree of 
stability, and capable, when dissolved in water, of producing the ordinary phenomena 
of saline double decomposition. Those alkaloids, whose salts possess any considerable 
degree of stability, generally exhibit, when dissolved in water or alcohol, an alkaline 
reaction with vegetable colours. 

Most of the natural alkaloids contain carbon, hydrogen, nitrogen, and oxygen, and 
are, at oMinajy tempemtnres, solid, and not volatile without decomposition. Soma 
natural alkaloids contain carbon, hydrogen, and nitrogen only; these are, fop the 
most part, liquid at ordinary temperatures, and can be mstilled without decomposition. 
The greater number of the artificial alkalis are composed of carbon, hydrogen, and 
nitrogen ; some, however, contain oxygen in addition. In both natural and artificial 
aJkuloids, hydrogen may be replaced % chlorine, bromine, iodine, peroxide of nitrogen, 
occ. Alkaloids have also been obtained artificially, in which nitrogen is replacea by 
antimony, or bismuth. (See Phosphines, Absines, &c.) 

Most of the alkaloids, as they are obtained in the free state, correspond in compo- 
** u the fixed alkalis ; that is to say, th^ form 

T direct union with acids, without elimination of water or any other substance, 

in oraer to make them strictly comparable to the fixed alkalis, they require, like am- “ 
mottia, the ^dition of H-*0 to their formulae : they may then be considered as hydrates 
radicles analogous to ammonium. A few alkaloids, however, are known 
Winch, when dehydrated as far as jiossible, correspond precisely to the fixed alkalis; 

hydrate of ^tTCthylmm, OIP’NO » C^H^KO. These bodies, for the most 
pa^ resemble potash and soda very closely in properties. 

The oonstitutioii of most of the artificial alLiloida is tolerably well known. The 
procea^ by which they are obtained show that ^ey must he considered as ammonia, 
or as hydrate of ammonium, m which the hydrogen is replaced whoUy, or in part, by 
a compound generally composed of carbon and hydrogen (see Amides, Am- 

XONZUM-BASES). The ph^phonis, arsenic, &c. alkaloids are similarly related to 
^hoaphidp, Maenidp, &c. of hydrogen, PH>,A8H •, &c. The coMtitulion of the netoial 
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alkaloidci w, m wy imp^ectly understood. T W are probabl j; like the artiflttial 

alkalis, darmtiTes of ammonia; but it is unknown by what radices the bydiogen In 
replac^ 

The following is a list of the most important nitrogen-alkaloidi^ natozil and ar2<* 
ficiah which are now known. 

1. Alkaloids companble to ammonia, forming salts by direct union with 

S ource or Modg of Formutt oo. 

Acetamide heated in hydrochloric acid gasi 
Action of ammonia on acetone. 

Aconitum Napellus. 

Hydrochloric and hydrocyanic acids on 
aldehydammonia. 

Kitrous ether on creatine (D es a a i g n o et). 
instillation of ethylcyanamide (C a h o u r s 
and Cloez). 

From aldehydammonia (Babo). 
Tribromide of allyl on ammonia 

Ethyldibromdiallylamine . C*n**Br®N. 

Amarine .... . Potash on hydrobenzamidc. 

Biethylamarine • . • C“H“N*. 

dmmeline .... C*H^N‘0 • Strong acids or alkalla on cyanamide. 

Amylamine . • « • C*H'*N. 

Diamylamine . . • C**H“N. 

Diethylamylamine • . C*H**N. 

Methylethylamylamine • 

Triamylamine . . . C“H”N. 

Aniline. (See Phbntuucine.) 

Anisine .... C«IP^N*0* 

Aricine .... C^H^N'^0* 

Asparagine .... C*H"N'0* 

Atropine .... 

Azonaphtylamine . . . C**H*®N* 

Azophenylamine • • « 

Bebirine .... C**H«NO* 


)3ani0. 



Formula. 


Acediamino . 



. 0*H W 


? Acetonine • 



. (PH»N* 


Acetylamine. 

(See VnrrukKnoL) 


Aconitine 


• 



Alanine 


• 

. C*H’NO* 


Alkaloid • 


• 



Alkaloid 


• 



Alkaloid 


. 

. O'H*»N0 

} 

Alkaloid • 



. C«H'»NO 

} 

Allylamine • 


, 

. C>H»N. 


I) ibromdially lamine 

. 


• 


Benzidine 

Berberine 

Brucine 


. C«H*W 
. C»>H”NO* 

. C“H"NW 


Ethylbmeine • 

Caffeine .... C«Et*WO* 

Capr<wlaimne. HBXTLaiinnL} 
Of^iylamine. (See OcmAiainL) 
Carbamide, (S^ U&sa.) 
Carbotriphenyltriamine, or > pwrurnw 
Cyantriphenyldiamine «l ^ ® OH* 
, CarbothiJdine . , . C»H»WS» 

Oetybunine. 

^ce^lamine . . . 

^ Chelidonine . . . C*H"NHP 

Cinchonicine . . ^ 

Cinebonidine • . . 0*>HW0 

MeUiyloindiciiidme . . 0*WW0. 

Cinchonine , , , OTgJNK) 

Methyldnehomno • . GVlw^O. 

Codeine . . . , C**H«NO» 

Hthyleoddne . , . 


Action of heat on anishydramide. 
Cinchona bark. 

Aaparctgus officinalis^ and other plants. 

> Atropa btlladonna^ Datura S>tranwnium, 
Keduction of dinitronaphtalcnc. 
Beduction of dinit roben/ine. 

** Beheeru^* a species of Nt ciandra^ British 
Guiana. 

Beducing on azobenzide and on 

azoxibenzide. 

Berberis vtdgaris, 

Strychnos nux vondcOf IS, Jgnaiii^ 8, 
VolubHn<^ 

. Tea, ooffee» fte. 


Bichloride of carbon on phenybunine. 
Sulpbocarbonie anhydride on aldehyd- 


Chdidoniwn maJuM, 

Isomeric transformation of oneiiQfiiiie or 
of cinchonidiDC. 

Cinchona bark. 

Cindliona bark. 

OplunL 
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Name. 

Oolchiceine • • 


Formula. 

. C»H«H*0> 

Collidine • • 


. C»H"N 

Conhydrine , 


. 

Conine . • 


. 

Ethylconine • 


. C»H>"N. 

Methylconine • 


. C^H'^N. 

Cotaniiue . • 


. C‘^H‘»NO** 

Coutnaramine 


. C»H'NO* 

Creatine . • 


. C^HWO* 

Creatinine • 


. C*R^^O 

Ciyptidine . 


. C“H"N 

Cuniidine 


. C»H‘=‘N 

Cyanamide . 


. CH'-'N* 

Araylcyanamide 


. 

Diamylcyanamide 



Diethylcyanamide 


. C»H'«N». 

Ethylcyanamide 


. C*H“N2. 

Methylcyanamide 


. C*HW 

Methylethylcyanamide 

. 

Cyanethine , , 

• 

. C-H^N* 

Cyanetholine • 

• 

. C»H»NO 

Cyaniline , « 


. C“H>^N* 

Cyanocumidine 


, C«H«N< 

Cyunomelamine • 

, 

• C**H‘»N® 

Cyanotoludine 

• 

. C*«H«N* 

Diphcnine . 


. C'*H>*N* 

Diphenylformyldiamine 

. C*®H*2N* 

Ethylamino . . 


. 

Dietliylamine . 


. C'H«N. 

Tricthylaniine , 


. C«H>»N. 

Ethyleuamine • 


. C2H"N* ) 

Dietliylenainine , 


. C 

Phenylethylenamine 

, 

. . > 

(orDiphenyldiethylenamino ? C 

Trie thy lenamine . . 


Flavine 


. C'*H'«N«0 

Furfurine 

• • 

. C“a“N’o* 

Glycocoll 

* • 

. C>H*NO* 

Glycosine 

• a 

. C’H'N*) 

Glyoxaline . 

a a 

. C>H*N»C 

Guanine 


. C‘H‘N‘0 

Harmaline • 


. C“H'<N»0 

Hydrocyanharmaline • 

. C”H“N»0 

iiarmine • 

• • 

. C“H«N*0 

Kexylamine. 



Trihexylamine 

• • 

. C“H«N 

? Jervine • 

• • 

. C-H-JTO* 

Lopidine • 

• • 

. C-HW 

Leucine • 

• ■ 

. C^"NO> 

liOphine • 

Ltttidine • 

* • 

• • 

. 

. C*H*N . 

Melamine • 

• • 

. C*H»N* 


• According to unpuhliihrd an. 


So urce or Mode of Forrootlo n. 

Colchicum autumnale, 

. Bone-oiL 
. Hemlock ((7o2itVm 
. Hemlock (Conium muntlatum), 

. Oxidation of najcotine. 

. Eeduction of nitro-coumarine. 

. Juice of flesh. 

• Action of acids on creatine. 

. Coal-tar. 

. Beduction of nitro-cumine. 

. Gaseous chlor. of cyanogen on ammonia. 


. Fotassinm on cyanide of etliyL 
. Chloride of cyanogen on , ethylate of 
sodium. 


• 

Do. 

on phenylamine 
(aniline.) 

, 

Do. 

on cumidine. 


Do. 

on melaniline. 

• 

Do. 

on toluidine. 


• Reduction of dinitrazobenzide. 
. Chloroform on phenylamine. 


• Bromide of ethylene on ammonia. 

• Bromide of ethylene on phenylamine. 

. Bromide of ethylene on ammonia. 

. Beduction of hinitrobenzophenone. 

. Furfuramide boiled with potash. 

• Ammonia oh chlor- or bromacetic-acid, 

. Ammonia on glyoxal 

. Guano, &c. 

. Seeds of Planum Harmala, 

. Hydrocyanic acid and harmaline. 

. Seeds of Peganum Harmdla ', also oxida- 
tion of harmaline. 

• Sulphite of oananthylsodium dlstUled with 

Ime. 

• Veratrum cHhwai^ white hellebore^ 

• Coal-tftf; also quinine and cindioiiine 

distilled ^th potash. 

• Hydrochloric and hydrocyanic acids in 

valeral ammonia. 

• Distillation of .hydrobenzamidei 

• Bone-oil 

. Action of heut on cyanamide. 

>*«•* liy MjtUhir$&e» an 3 Foster. 
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KsBto> 

Melaniline • • 

' W 

Fonnula. 

. 0»*H>W 

Menaphthylamine • 

• 

. C»*H'*N* 

Methylamine . 

0 

. CH»N. 

Dimethylamine . 

0 

. C*H»N. 

Trimethylamine • 


. C»H*N. 

Hetliyluramine 


. C*H»N*. 

Metoluidine • 


. C»‘H>W 

Morphine 


. C*'H»*NO* 

Ethylmorphine . 


. C»»H*»NO». 

Methylmoiphine 


. C“H«NO* 


So urce or Modg of Fonntl oa, 

. Cyanaoilido^ (^^iiBophenyluDine) 
haDYlamine. 

oride of cyanogen on naphtylunino^ 


. Crentine or creatinine heated with oside 
of mercuiy. 

. Chloride of cyanogen on toluidina 
. Opium. 


Kimhtylamine 

£thylnapthylamme 
Narceine • . 

Narcotine • . 

Nicotine 

Ninaplitylamine . 


. C»H*N 

. C«H»NO* 

. C“H«NO»* 

lc»H»N > 

. C**H»N *0 


. Keduction of nitronaphtylena 
I Opium. 

. Tobacco. 

. Reduction of dinitronaphtylena 


Octylamine . 


. C»H'*N 


PiipaTcrine . 
Parvoline . 


. C»IP'NO< 
. C»H“N 


Pclosiiic, or Cissampeline 
Phenylamine 

Ainylphcnylamine 
Diamylphenylainiiie * 
Diethylphenylamine . 
Dicetylphcnylaraine . 
Cctylphenylamine 
Ethy lamy Iph enylamine 
Etliylphenylarame 
Metliylamylphcnylamino 
Met hy letliy Iphenylamine 
Methylphenylamine . 
Triphenylamine. . 


. C«H«NO* 
. C‘H»N. 

. C"H''N. 

. C”H*^N. 

C“ir*N. 

. C«H“N. 

. C«H»N. 

• C**H»»N. 

. C»H«*N. 

. C»H«N. 

. C«H“N 


• Opium. 

• DistiUat. of bituminouB shale of Domei* 

shire. 

. Ctssamj^of pareira, L. (Antilles). 

. Reduction of nitrobenzene^ &c. 


• Sulphite of cinnamykunmonium distilled 
with lime. 


Viny Iphenylamine , 

(Phenylacetylamine) . 
Phtalidine ... 
Picoline . . _ 

Piperidine 


hylpiperidine 

Pipeline . , . 

*ropylamine. (See TniTruumiB.) 
*yndine .... C»H*N 


] or 

. C«IPN . 

. C-H^ . 

. C»H»*N 
. C'« 1 P*N. 

. C»H»N. 
C“H**N*0* 


. Reduction of nitrophtalene. 

, Coal-tar. 

. Pipeline distilled with potash. 


. Pepper (iYper nigrum, P. 
• Bone-oiL 


loinicine 

tu^dine 

Ininine 

Ethylquinine • 
[ Meth^ninine . 
Vinoieine . , 

Amjlquinoleiiie . 

: EthylquiDoleine 
; Meti^quinoleine 


. 0 **H**N* 0 * • Isomeric transformation of gnimne^ Of of 
guinidine. 

: »>«*• 

. C«»H“NW. 

. C*»H»N» 0 *. 

. C*H*N . . Quinine or CineboninedistiL with potash* 

. C"H"N. 


AcooffOiof to tmpablfobcd «ial|rsec hf M*Uhicfiea and FotCsr 
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Wnme; 

Sarclne , 
Sarcosine • 
Sinamine 
Ethylsinamine 


Formula. 

. C*H<N<0 
C^H'NO* 
. C*H«N* 


Sinapine 

fc^ioapoline 

Sincallne 

Sparteine 

Sbychnine 


C»H“NO* 

C»h»*N’^0 

C*H’»NO 

C»H>*N 

C*'H"N»0* 


Tetiylamine (Fetinine) 
Thebaine • • • 

Theine. (See Cafbinb.) 
Theobromine * . 

PThiacetonine 


. C"H"N 

• C»JB[«NO* 

• C»H*N«Oa 
. C®H*»NS* 


Thialdine 

Thiosinaminc 


. C*H*»NS* 
. C*H*N2S 


Ethylthioainamino 
Toluidinc 
Diethyltoluidine 
Ethylto-luidine , 
Tritylamine . 


. C’H^N 
. C»H»N. 


Urea (Carbamide) 
Allylurea , 
Aniylurea , 
Biallylurea. (Se( 
Fiethylurea 
Diphenylurea. 
Etnylallylurea 
Ethylamylnrea . 
Ethylpipeiylurea 
Ethylurea . 
Methylethylurea 
Methylpiperylurea 
Methylurea 
Naphtvlurea 
Fhenytallylurea 
Phenylurca 
PiTOrylurea 
SulphaUylurea. 
Tolylorea . 


. CH^NK). 

. C*H*N*0. 

. C«H'WO. 

le SlNAPOUNE.) 

. C*H>WO. 

(See Elavjne.) 

. C®H>»N*0. 

. C»H>WO. 

. C»H*N'0. 

. C<H«N*0. 

. C^**N*0. 

. C’«HWO. 

. C»H**N*0. 

. C»HWO. 

(See TazosnrAMiNn). 

. C»H*«N*0. 


So urce or M<Hle of Format fop. 

. Juice of^esh. 

• Baryta-water on creatine^ 

. Oxide of nierca^ on thiosinamine. 

. Eth^lthmsinamine heated with hydrate 

• White mustard. ' 

. Hydrate of lead in oil of mustard (sul* 
phoc^anate of allyl). 

. Alkalis on sinapine. 

. Spartium tcoparivm^' L* {Cptiatts eeopa^ 
riitSt Linek.) 

. StrychnoB mix vomica, 8, Ignatii, 8 coiu* 
hrina, 

• Bone-oil, 

. Opium. 

# 

« Cacao-beans. 

• Ammonia and hydrosulphurie acid on 

acetone. 

. Hydrosulphurie acid on aldehydam- 
monia. 

. Ammonia on sulphocyanate of allyl (oil 
of mustard.) 

• Ethjlamine on sulphocyanate of allyL 

• Keduction of nitrotoluene. 


Valeraldine • 
Veratrine 
PVinylamine . 


• C”H»>NS* ' . ^drosulphoric acid on valenil ammonia. 

. C«H«N«0 . virainJi album. 

• C®H*N , Chloride of ethylene on ammonia. 


2. AJUoias eompanUe to hydiate of 
acioa and eliminating water. 


amuionmini forming aalta by combining with 


Kaine. 

Amlkini. 

Hydrate of Methyldiethylamylhmi • 
It Tetoamylium , ■ , 

M Triethylamylium • * 

Bmeiiim. 

Hydrate of E^ylbrucium . 


Formula. 


. . C«H»NO, 

. . C**n»NO. 

. • C»H»NO. 

w 

CMH«NW 
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Ham». 

(Vutinwn, 

Hydrate of Diethylconium • 

,, Methylethylconiiim 

Hydrate of Trimethylethylenituii 

Hydrate of Methyltriethylinm 
„ Tetrethyliiim • 

Methyliura. 

Hydrate of Tetramethylium • 
Nicotium. 

Hydrate of Ethylnicotiura 

„ Metnylnicotium • 


. C»WNO. 

. 0»H*»NO. 

. C^»*NO. 
. OT«NO. 

• C"H*«NO. 

. <7H“NO. 
. C*H»NO. 


, C»EP*NO. 

. C»*H**NO. 

. C»H«NO. 

. C»H«NO. 

, C»H»NO. 

C“H«N*0* 
C*»H«N O*, 

. C»»H”NO. 


Phenylium. 

Hydrate of Ethyltriphenylium 

Methvlethylamylophenylium 
„ TriethylphenyUum 
Piporylium. 

Hydrate of Diethylpiperylium . 

Pyridine. 

Hydrate of Ethylpyridine 
Strychnium. 

Hydi-are of Amylstryehuium . 

„ EtUyltttrjxhnium • 

Tolylium. 

Hydrate of Triethyltolylium . 

There arc some suhstaiices not included in the above list, such as aceUmide, 

acetonitrile, C^H“N, &c., which possess the most important propertice of 
tilkuloids to quite as great an extent as some of the bodies there enumerate^ but 
which, in most of their relations, are associated with other well defined grouM of eom- 
)H>unds, and are in consequence seldom classed among alkaloids. On the 
this list contains some bcaUes, such as urea and its derivatives, which find weir 
places in other classes, but which hud long been regai^^ solely as aualoids bemre 
their relations to other compounds were discovered. This inconsistency is unavoidable. 
There is not in nature any sharp distinction between alkaloids and other substances ; 
hence, in determining whether particular bodies Ought, or ought not, to be classed as 
iikaloifls, we must sometimes decide by reference to customary usage, or other circum- 
btances equally arbitrary, — G. C. F. ” 

Alkaloids^ detection of, in cliomio^ler»l inweetigntiona. •— The certain 
detection of the poisonous alkaloids in chemico-legal investigations involves woipscpa- 
ration, in a state of purity, from the sulwtances with which they are mixed* Wnen, 
as is often the case, a veiy small quantity of an alkaloid is contained in a large qimn* 
tity of a complicated mixture of animal or vegetable matter, its accurate sejm^ation 
is a problem of considerable difficulty. The first chemist w^ gave » 
method of proceeding in such cases was Stas (Bulletin de I’Acadtem Royale do jded^ 
rinede ^igique, xi. 304 (1851); Ann. Ch. Pharm. Ixxxiv. 379; J. Phami. Chim. zuu 
381), and the method which he proposed continues to be the one most generally 
imployed. His process consists in the successive and systematic use of various 
olvents, such as £late acids, alcohol, and ether. „ , . , , ^ ^ _ 

The method of carrying it out is as follows : When an alkaloid has to be so^ht for 
imong the contents of the stomach or intestines, the substances to be ex ami ned sw 
rested with twice their weight of pure absolute alcohol, to which ftom 0*5 mwii^e to 
f grammes of tartaric or oxalic acid (the former is preferable) have been added , an d 
mixture is heated in a flask to between 70^ and 75® C. (When an entire^organ, 
pch as the liver, heart, or lungs, has to be eimmined for an alkaloi^ it must first tm 
Bvided as finely as possible, then moistened with pure absolute alcohol, squeezed, ana 
fterwards washed with alcohol till all the soluble constituento are re^vei Tho 
quid tlius obtained is treated in the same way as a mixture of suspec^ mator an 
ohol.) When quite odd, the mixture is filtered, the insoluble part washed wiw 
ong alcohol, and the ;j||ptooholic solution evaporated either in Tacoo, or in • 

“unt of air at* a tempemtura not exceeding 36® C. . . i m 

the residue left on erapozating the aJeoIiol contains fiit or other insoluble mstls^ 
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it must be filtered again through a filter wetted with distilled water, the filtrate must 
be evaporated nearly to diyness in vacuo over sulphuric add, and the residue ex« 
haustod with cold absolute alcohol. The alcoholic solution is once more evaporated 
at the atmos^heiic temperature, either in the air, or better in vacuo, and the acid 
residue of this evaporation is dissolved in the amallest possible quantity of water. To 
the solution so obtained, pure, powdered acid carbonate of potassium or of sodium is 
added ^raduaHy until there is no more effervescence. The neutralised solution 
is shaJeen with fi*ora four to five times its hulk of pure ether, and then allowed to settle. 
When the layer of ether has become perfectly clear, a little of it is decanted into a 
glass capside, and left to' spontaneous evaporation in a very dry place. If, after the 
evaporation of the ether, sliglit streaks of liquid appear on the side of the capsule, 
and run together slowly to the bottom of it, a liquid and volatile alkaloid is probably 
present. If this he the case, the warmth of the hand will be sufficient to cause the 
contents of the capsule to cxliale a disagreeable smell which, according to the nature 
of the alkaloid, is more or less sharp, choking, and irritating. If these indications 
are wanting, tlie alkaloid, if any is present, is probably solid and non-volatile. Ac- 
cording to tlio nature of the alkaloid, as indicated by this preliminary trial, Stas 
recommends different processes for its fuilher purification. 

A, Ths alkaloid is liquid and volatile, — In this case 1 or 2 cub. cent, of strong 
solution of caustic pota.sTi or soda arc added to the contents of the fla.sk, from wliicli 
the small quantity of the ethereal solution vthh taken, and the whole i.s again well 
shaken. After standing for a sufficient time, the ether is poured offj and the residue 
is again shaken three or four times with fre.sh quantities of ether. The etliereal 
liquids 80 obtained, containing the alkaloid in solution, are united and shaken with 
I or 2 cub. cent, of a mixture of 4 parts by weight of water and 1 part of sulpluiric 
acid ; after being allowwl to stand, the ether is poured offj and the acid liquid i.s 
washed with a second quantity of tfther. 

As the sulphates of the volatile alkaloids are soluble in water, but almo.st all 
insoluble in ether, tlie alkaloid sought is contained in the dilute sulphuric aciil, in tlio 
form of pure sulphate while the animal matter which tlio ether may have taken up 
from the alkaline liquid together with the alkaloid, remains still di.y.soJved by it. 

In order to obtain the alkaloid from the solution of its sulphate, the latter is mixed 
with a strong solution of caustic potash or soda ; tlie mixture is well shaken, and then 
exhausted with pure ether, which dissolves the alkaloid together with ammonia. Tlio 
ethereal solution is allowed to evaporate t at as low a temjieratliro as possible, ami 
in-order to remove from the residue the last traces of ammonia, the vessel containing 
it is placed for an instant in vacuo over sulphuric acid. The alkaloid then remains 
in a state of purity, with its characteristic chemical and physical properties. 

11. 'J'Ac alkaloid is solid and fixed. — If on evaporating a small quantity of the ether 
with which the liquid neutralised by acid carbonate of sodium lias betui mixed (see 
above), there i.s no sign of the piwence of a volatile alkaloid, the liquid must be fur- 
ther examined for fixed alkaloids as follow.s. Caustic pota.sli or soda is put into the 
fla.sk containing ctlier and tlie nentralised solution, the mixture is again vigorously 
shaken, the ethereal layer is poured off as soon as it is clear, and the watery alkaline 
liquid is several times washed with a considerable quantity of fresh ether. The ether 
now contains the free alkaloid in solution and on evaporation leaves either a solid 
residue or a colourle.sa milky liquid containing solid [Kirticles in suspension. The 
uinell of this residue is disagreeably aninial, but not sharp ; it colours red litmus- 
paper permanently blue. 

In ortler to obtain the alkaloid in the en-stalline state, a few drops of alcohol are 
poured into the capsule containing it and allowed to evajxirate. Usually, however, 
it is still too impure to cn'stalliso in this way. When this is the case, a few drops of 
water made veiy slightly acid by sulphuric acid, are poured upon the residue left by 
the evaporation of the alcohol, and made to come in contact with the whole of it by 
proj^rly inclining the capsule in various directions : the alkaloid is thus dissolvtJ, 
while tlie fatty impurities rtmiain adhering to the capsule. The acid solution, which, 
if the la.st operation has been well i>erfonneiU is clear and colourless, is poured ofl; the 
capsule is washed with a few drops more of the aeid water, the washings are mixed 
with the fii*st solution, and the whole is evaix»pated over sulphuric acid to about 
tliree quarters of its bulk. A saturated solution of pure carbonate of potassium 


HtirrekT culullon ; lh« greater ^rt, however, ft «lw«yt in Ihe «qur*>U!i •olution. 
t If ctm«ne |ire«e»t, a gre:U part of tt will evapmwte with the ether. 

i If f9»t»r7»Ariie hei to be tmight for the liquid thould be tli-iken witV ether after being 

b<H«traU»eil with eerltonafe ot* sodtiim. end the ether should he fm red oiT m qofckty luwsible, for. if 
Ihealkeluld hate time lo wparate hi the rryrtalUite foim, ftcarcelv aur of it i» rii«*o:red bt the rchcr. 
fOtto.) 
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.19 tidded to the remaining liquid, and the mixture ia treated with absolute alcohol, 
which dissolves the liberate alkaloid, but leaves undissolved the sulphate and 
excess of carbonate of potassium. On evaporating tlie alcoholic solution, the alkaloid 
is obtained crystallised, and in a state to show its characteristic reactions. 

According to O'tto (Ann. Ch. Pbarm. c. 39) the above process of purifying the 
fixed alkaloids may be advantageously modified as follows. Instead of decomposing 
the impure tartrate or oxalate by acid carbonate of potassium or sodium, and mitain- 
ing a solution of the free alkaloid in ether, as described in tlio first part of this 
article, the salt dissolved in a small quantity of water is washed with ether, as long as 
the ether is coloured by it anti leaves a residue ou evaporation, and f^terwards the 
solution is neutralised by ciirl>onate of sodium and ether added to dissolve tho 
alkaloid as already described. On evap^^rating tho ethereal solution thus prepared, 
tlie alkaloid is left in a state of ^oat purity. Or, the acid sulphate of tiie alka- 
loid may be formed and washed with ether, as in the process for purifying a volatile 
alkaloid. 

Another method of detecting and separating the organic alkaloids from mixtures of 
other substances has been given bySonnenschein (Ann. Ch. Phiirm. civ. 45). 
This method is founded upon the property which the alkaloids possess, in connuon 
with ammonia, of giving precipitates in an acid solution of ph^tsphotiwli/bdate of 
iu>di?im : it is very easy of execution, and seems to give very aecuriite results. 

I^hosphomolyhdate of sodium is thus prepared. The yellow precipitate obtained 
by mixing acid solutions of molybdate of animonium and phosphate of sodium is 
well w.'islie<l, suspended in water, and heated with carbonate of sodium till it is 
completely dissolved. Tho solution ia evaporated to dryness, and the ^eBidue ignited 
till :i II atninonia ia expelled: if nn^' reduction of molybdie acid take pla<*o during 
the ignition, the product is moistened with nitric acid and again ignited. It is then 
hrated with water, nitric acid added till the solution has a stnmgly acid nnictlon, 
and the gobbyellow solution thus obtained is diluted till 10 parts of the solution 
contaiu 1 part of solid residue. It must ho carefully presented from coutact with 
ammonia. 

This reagent is applied to the separation of the alkaloids in the following manner. 
The wliole of tlie organic matter to l>e examined is repeatedly exhausted with very 
•lilutc hydrochloi’ic acid: the extract is ev.ipomted at a heat of 30® C. to the consis- 
ti iice of a thin syrup, then diluted, and left for some hours in a cool place before 
lillriition. The filtrate is precipitated by exceasof phosphomolybdic acid, the precini- 
tat<* collected on a filter, tiioroughly washed with water containing phosphoroolybaic 
and nitric acids, and introduced while moist into a flask. Caustic bi^ta is added, 
to a distinct alkaline reaction : and tho flask having been fitted with a delivery- 
tube which is connected with a bulb-apporatus containing hydrochloric acid, heat Is 
gradually applied, when the ammonia and volatile organic bases distil over, and are 
collected in the hydrochloric acid. The residue in the flask (containing the non- 
volatile alkaloids) is freed from excess of baiy’ta by a current of carlwmic anhy- 
dride, carefully evaporated to dryness, and extracte<l with stronp^ alcohol. ()n 
evaporating the alcoholic solution, the bjises are commonly obtained in a state 
of such purity that they will at once exhibit their characteristic reactions ocoa- 
sionally, however, they require to be further purified by recrystallisation from alcoliol 
or ether. 

^A process has been employed by Graham and Hofmann (Chera. Soc. Qu. J. v. 
173; Ann. Ch. Pharm. Ixxxiii. 39; Phami. J. Trans, xi. 504) for the detection of 
strychnine in beer, which might doubtless be cmp]oye<i with equal advantage for the 
detection of other alkaloids in.laige quantities of liquid. It consists in leaving tins 
liquid to be examined in contact with alx»ut a fortieth of its weight of good animal 
charcoal for a day, the whole being frequently shaken, collecting tho charcoal on a 
filter, waahi^ it once or twice with water, ana then boilinf^ it for half an hour with 
• alcohol, which dissolves out the alkaloid. The alcoholic solution is ovaporatiMl, 
the residue is made alkaline by the addition of a few drops of mtash or s<^, and 
then sluiken up with ether, which, when poured off and evaporatecb leaves the organic 
base with its characteristic projierties. 

Schulze (Ann. Ch. Pbarm. ctx. 177) has indicated tho acid liquid obtained by 
dropping pentachloride of antimony into aqueous phosphoric acid as a very delicate 
i^agent for certain alkaloid.H, and as a sul^tance which may probably serve for the 
»cparation of the alkaloids in general. 

When an alkaloid has been separated in a state of purity by one of the above 
pteceasea, or by any other, its chemical and physical properties must be carefolly 
in order to determine its individual character, aM the reactions obtained 
in eveiy case be controlled by comparison with those given hf a pure sped* 
men of the rabetance siLspccted. 
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From what has been stated above relative to the absorotion of the alkalohU bjr 
animal charcoal, it is evident that that substance should never be employed to 
decolorise a solution previous to its being examined for poisonous organic bases. The 
employment of basic acetate of lead for the same purpose should also be avoided, 
since it not only introduces a poisonous metal into the substance to be examined, but 
the sulphuretted hydrogen, which is required to remove the lead, is apt to combine 
with some of the organic matters present, forming compounds which, in contact with 
the air, give rise to highly coloured and disagreeably smelling products, very difficult 
afterwards to get rid of. (Stas.) 

For farther details concerning modifications of Stas's process, and for some methods 
which are not mentioned in this article, the reader is referred to the article on the 
same subject in Liebig, Poggendorff, and Wohler's Handworterbuch der reinen und 
angewandten Chemie,” 2nd edition, i. 464 ; and for the reactions of the individual 
alkaloids, to the various articles in this Dictionary in which they are specially de- 
scribed. — O. C. I*’. 

AXX AWBT. Th e commercial name of two different plants. Ttub alkanet con* 
sists of tile leaves and roots of the Lawaonia inermU^ which grows wild in the Levant. 
The leaves pulverised and made into a paste with water yield a yellow dye. The 
root, which contains a red pigmen^ is used as a cosmetic. 

h\dse idkanet {preamtte^ Uadix alcannae 8puri(s) is the root of Anchuaa tinc^ 
toriUj which grows in France, Spain, Italy, Hungary and Greece. It is inodorous, 
has a faint, somewhat astringent taste, and colours the saliva. It is used in dyeing 
to produce a very brilliant violet and a grey ; and for this purj^se, linen or cotton 
goods previously prepared with alum-mordants for violet, and with iron-mordanta for 
grey, are dipped in an alcoholic extract of the root. It is also used for dyeing silk, 
but not for wool. The colouring matter is called Anchtiain (which see), 

B.&XA.XCIBX and A&XAJt81ir« (See Arsenides of Msthtl.) 

B.&&AOZTXI. A mineral which appears to be an intimate mixture of hornstone 
and silicate of manganese, perhaps also with carbonate of manganese. 

ii&ZiiiZri]* Syn. of Diopside and Avoitb. 

A&XiAXXTZL (See Ortuite.) 

and JLMirZOTZO UQVZ1I8. The foetus of most mammi* 
ferous animals is enveloped in two membranes, the outer of which is called the 
aUantois, and the inner the amnium. The space between the two is connected by a 
(liu‘t witli the urinary bladder of the foetus, and contains a liquid called the allantoic 
li(piLd, which is in fact the urine of the foetus. The amnium at first lies close upon 
the foetus, but gradually separates and becomes filled with a liquid in which the 
fartns flouts suspended by the umbilical cord. This liquor is the liquor amnii. 

The allantoic luiuid is especially distinguished by containing allantoin, together 
witli albumin, alkaline lactates, chloride of sodium and phosphates, and sometimes 
glueose. The amniotic liquid contains albumin, pyin, a substance resembling mucus, 
extractive matter, aud in some instances glucose, together with alkaline chlorides, 
sulphates and phosphates. 

These liquids have been investigated by many distinguished chemists, hut the most 
exact analysos of them are those which have been recently made by Schlossberger 
(Ann. Ch, Pharm. xevi. G7, and ciiL 193), and by Majewski (Dissert, de Substan- 
tiarum, &c., Dorpat, 1858; J. pr. Chem. Ixxvi. 99). Mi^ewski’s results are as 
follows ; 

Both liquids, in the earlier stages of development of the embryo of cows and sheep, 
are clear and colourless : at a later stage, the amniotic liquid of the cow becomes 
gummy and yellowish, also turbid ; in sheep and swine on the contrary, it always 
remains clear and colourless, and never becomes gummy. The allantoic liquid 
becomes yellower with age, and at last reddish yellow, but remains clear, excepting 
in swine, in which it is always turbid, Doth liquids g;enerally exhibit an alkaline 
reaction. 

In both liquids, the solid constituenfs, organic and inorganic, increase for the most 
part in quantity as the development of the feetus progresses. In the human foetus, how- 
ever, the quantity of solid inattor in the amniotic liquid decreases considerably towards 
tlie time of birth (see table). The same r^ult was obtained by Vogt and by Scherer, 
the latter of whom found 2*416 per cent, of solid constituents in toe amniotic liquid 
in the fifth month of gestation, and only 0*862 at birth. 

The amniotic liquid retains ito albumin up to the period of maturity of the feetus. 
but (as appears from investigations on the human embryo) this amount decreases in 
the later period of the development of the embryo, and this diminution appears to h# 



ALLANTOIC AND AMNIOTIG LIQUIDS. 129 


connected with the formation of the placenta. In the amniotic liquid of the cow, tha 
albamin may be recognised by or^naiy properties in the earlier stages of develop* 
ment, but afterwards the liquid becomes gummy and no longer exhibita the usual 
reaction with nitric acid. The same result was obtained by Schlossberger, (p. 130). 

The allantoic liquid increases in quantity and consistence as the development of 
the embi^o advances ; it is always clear (excepting in swiiio) and resembles saturated 
urine. The allantoic liquid of swine contains iron and a peculiar compound of lima 
and albumin. 

' In both liquids, the quantity of sugar gradually increases fix)m the earliest period 
of foetal life, and is greatest a short time before birth. Sugar appears however to be 
present only in the vegetable feeders : in human embiyonic liquids it cannot be 
detected. 

The quantity of inorganic salts increases as development advances. Both liquids 
contain clilorides, phospliates and sulphates, the quantity being greater in the 
allantoic than in the amniotic liquid. 

The following table exhibits a summary of the quantitative results obtained by 
Majewski: 

In 100 parts. 


— - — — — 



PiTlodof 

Development. 


Qu.ntitv 
in cub. 
lunt. 

ipav. 

U'eirr. 

^olid 

Ml h- 

•tnnrc. 

Or- 

tfOlil*. 

*nor- 

AIhu- 

iiilii. 

Sugnr. 

Urea. 

raoi 

908 

i 

i 

Week ,'»-4 

{ 

Amnloi 

Allantol. 

*7 


‘•9-3.57 

0*613 

0* 159 

0*181 


0*21.3 




i 


{ 

Amnio* 

19 


‘J9 46<l 

n*.MO 

ll-OMt 

o 1 »l» 

0*in,'> 

0*<»63 

OVO 



\ 

] 

•1 4— 

Allnnioik 

6.n 

1 00/k'. 


1*090 

II-6.V* 

(l••70 

0*<4l 

0*40 

0*0047 

O-OOM 

1 Emhrvo 

M «|-» 

{ 

Amnio. 

r.* 

inni: 

<lK-g45 

i*o.w 


i-.VO 

0 1*5 

0 111 

if.W* 

i»'fln78 

0*0061 

i oi etlirfp. ' 

AllanioU 

69 

1 -ixwv 

•18 lr7 

1*873 

1*198 

(l•li7.^ 


0*449 

O-.AJO 

0*0.3.56 

c 

i 


.. lO-nei 

{ 

Amnio. 

Ifl.l 

i'006r» 


1*44.5 

<1*917 

0*.5''8 

0*170 

0-17* 

0*.370 

0*0148 

O-OOM 


.\llAntoI. 

119 

too 

97-4 M 

*547 

1*671 

0*87<i 

0*612 

0 606 

0*013? 

0*0276 


•• 1*1-1* 


Amnio. 



‘•8*66* • 

l*.140 

O*fi05 

0-4.1.5 

i>**4 t 

ii'l<16 

0-475 ; 

0*0827 

0*006 



AHittiioiit 


1«00U7 

97 -.180 


0*960 

0*660 


0*667 

0*780 1 

0089H 

0*0328 


N 9-U 

{ 

Amnio. 

*75 

1*0017 

oH-oro 

1*03 

iVfiOO 

(1*4.10 

0*0.3* 

0*101 

0200 

n*018 

0*008 


Allanloii 

95 

lOlU 

97-.1IO 

*•69 

1*800 

0*590 

0-.55.5 

0*.33O 

0*060 

0*0.33 

Kmhr>o 

M 1*-** 

{ 

Amnio. 

1691 


«H*.S.54 

1*446 

0*876 

0 570 

0*097 

0*191 

n 298 

•»05t 

0*022 

u( Cow, 

Allantob 

61.1 

l*91k5 

98*858 

3*14;f 

*■338 

0*804 


0*605 

0*645 

0*022 

0*097 


.* *t-« 

{ 

A mnlM 

69* 

1*0075 

98’07« 

1*9*4 

1*171 

0-753 

0*215 

0*.30* 

0*426 

0-016 

0*022 


AllantoU 

1*16 

1*0161 

96-160 

3*810 

•**767 

1*07.3 


0-64* 

0*857 

0*038 

0*119 
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9.5*40.5 
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1 Kiubrjo. t 

At birth • 




1*0049 

98*490 

1*510 

0*95 

5*600 

0*357 

none 

0*380 



! / 

j of 1 

Hctercen als and 

t 

Amnio. 

*0 

l*006V 

98*111 

1*886 

1**48 

0*6.38 

0*56* 

trace 

0*240 



eight week. 

\ 

Allmitol. 

1 

1 1*0098 

97*580 

*’49U 

1*705 

0*715 


trace 

0*358 




Schlossberger found in the erabiyonic liquid of cows the following quantities of 
water and inoiganic salts : — The ages of the foetus were: of (c) 30 weeks; (/>) IS 
weeks ; (c) 15 weeks ; {d) 7 — 6 weeks ; (e) 5 weeks, and (/) 3 weeks : 




Water. 


Atli. 

Soluble 

Salt!. 

Intoluble. 

Salu. 


/'«- 

97*18 





Amniotic j 

b. 

97*28 


0*72 

0694 

0*026 


c. 

98*96 


1*02 

. 1*00 

, 0*02 

liquid. 

d. 

98*67 









0*89 

. 0*86 

. 0*03 


i/. 

98*12 





Allantoic 


97*33 


0*93 

0*91 

0*02 

liquid. 

e 

[/. 

98*76 

97*36 

; 

0*73 

0*71 

• 0*70 

0*03 


• , l^uids, even in the fresh state, exhibited an alkaline reaction, and effervesced 
bnakly wi^ adds ; and th^ all exhibited the reactions of sugar, the amniotic liquid 
of d containing 0*092 per cent, of that substance, and the allantoic liquid of the same, 
0*454 per cent. Schlossberger did not find nrea in the amniotic liquid. 

The albaminoldal suhaianoes of both liquids exhibited differences of character 
amongst themselves, and many unusual roa etions, indicating the presence of com* 
P^^nds intermediate between albumin casmn, mucus and pyin. The reactious ob* 
»Tved by iSehlossbeiger are given in the fofiofrtng table: 

VojL L K 
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1 Amniotie liquid of a and e» 

jj Allantoic liquid of d and c. 

■ 1 

Ap^arance. 
Beaction on 
boiling and 
on addition 
of acetic acid. 

|4 a. Viscid like white of egg 

I mixed easily with water, and 
filtered readily. On boiling, 
became more mobile,^ with 
scarcely perceptible turbidity. 

On neutralising with acetic 
acid: scarcely perceptible tur- 
bidity, the liquid remaining vis- 
cid. On boiling, small flocks 
separated. The greater part of 
the protein-substance remained 
dissolved. On evaporation : films. 

d. Not viscid. Remained 

perfectly clear when boiled, 
citht'r alone or with acetic acid. 

1 A Not viscid; clear on hail- 
ing. Acetic acid produces 
slight turbidity, and redissolves 
the flocks but slowly, even in ex- 
cess and at the boiling heat. 

c. Coagulates even when 
boiled alone, the coagulum being 
but partially soluble in acetic 
acid. On evaporation : films. 

Both b and c become veiy 
turbid when boiled with chlo- 
ride of calcium or sulphate of 
magnesium, especially c. The 
turbidity (arising in b most pro- 
bably from carbonates) disap- 
peai's on adding acetic acid. 

r 

1 

Alcohol. 

a. Throws down flocks solu- 
ble in warm water. 
c. No change. 

b. No change, 

c. Turbidity. 


Nitric acid. - 

a. Slight turbidity, disappear- 
ing with excess of acid. 

c. No turbidity. Liquid does 
not becorao yellow on boiling. 

b. Scarcely perceptible turbi- 
dity. 

c. Precipitate and yellow 
colour on boiling. 


HeCi. 

n. Sliglit turbidity: small 
flakes on boiling. 

c. Turbidity. (With NO*Hg: 
copious precipitate). 

b. No change. 

c. Precipitate. 


Perrocyaaido 
of potassium. 

«. No change. 

c\ Turbidity only after addi- 
tion of acetic acid. 

b. No change. 

c. After acidulation ; flocks. 


Acet.ite of) 
lead. Basic . 

acetate of lead. 
Tannin. 

Copious precipitates. 

Copious precipitates. 


Alum. 

No change in any instance. 



A&XAITTOXM. C<H»N*0* or C’fi’A*©'.— Dwcoreted by Vauquelin and 
Euniva (Ann. Chim. xxxiii. 269) in the nmuietic liquid of the cow.<> Lastfaigna 
(Ann. Ch. Phya. [2] xvii. 301) obtained it from iJie allantoic liquid of the cow, and 
Wohler (Ann. Ch. Phann. Ixx. 220) from the urine of calves. It is formed arti- 
ficially by treating uric acid with water and peroxide of lead. (Liebig and W ohler, 
Ann. Ch. Fharm. xxvi. 244.) 

C»H*N*0« + H*0 + 2PbO - C*H»N*0» + CPb^O*; 

Uric acid. Allantoin. Carhoiiace 

of lead. 

m w^h a mixture offerricyanide of potassium and caustic potash. -(Schlieper, Ann. 
Ch. Phorm. IxTii. 216.) v r » 

C»H*NK)* + 2C*N«Fe^K » + 4KHO C*H‘N«0® + CK*0* + 4C»N*FeK* + H*0. 

Urio acid* Ferricyanide of AlUntoin. CarbonAte of Ferrocyanklo 

P®***"”"'* potastiom. of |>ot«ssium. 

PwpoMfKWi,-— ^ilverised uric acid is suspended in water, nearly at the boHiiig hea^ 
ajsd toely pounded oxide of lead is added by small portibin, and with firequent stimng^ 
till the last portions no longer turn whites. The liquid filtered while hot deposits on 

•Mbwquwt raperimontor* hsTo not been able lo obUin It from that soarca It oro. 
bsbtc chat the amnlotic liquid wat mixed with allantoic liquhi. pro* 
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eoobo^ ayntals of aUantoin, while ores remaiua in aolution, and oxalate of lead ia 
left on the dlter. The two latter eompounda are produced bjr the action of the exeeae 
of peroxide of lead on the aUantoin. (Liebig and Wohler.) 

C‘H‘N'0* + SPirO + EH) - 2CH<y»0 + C*Pb*0*. 

Urea. Oxalate uf 

lead. 

To obtain allantoin from the allantoic liquid, tlie liquid is evaporated to a fourth of 
its bulk, and the ciystals which ore deposited on cooling are decolorised with ani- 
mal charcoal. From calves’ urine, it is prepared by evaporating the liquid to a 
and leaving it at least for several days, then diluting with water; washing the deposit 
with water to separate a quantity of gelatinous mutter, chiefly consisting of urate of 
magnesium ; boiling the crystalline residue of allantoin and phosphate of magnesium 
with water and animal charcoal; filtering at the boiling heat; and adding a few drops 
of hydrochloric acid to the filtrate to retain in solution the small quantity of phos- 
phate of magnesium dissolved in the boiling liquid. The allantoin is then deposited in 
crystals on cooling. 

Projferties , — Allantoin forms sliining colourless prisms, having a vitreous aspect, and 
belonging, according to Dauber (Ann. Ch. J*liarm. htxi. 68), to the inonocliiiic system. 

It is tasteless and without action on vegetable colours. It dissolves in 160 pts. of 
water at 20*^ C., and in 30 pts. of boiling w'ater. Alcohol dissolves it in larger quantity. 

DtconijiosUhns , — By dry distillation, allantoin is resolved into carbonate and cyanide 
of ammonium, a small quantity of enipyrcumafic oil and a very |wrous charcoal. When 
gently heated with nitric or hydrochloric acid, it is converted into urea andallauturic 
acid. (Pciouze, Gerhardt.) 

+ H*0 - CH*N“0 + C»IPN-0* 

Allaiiluric acid. 

Heated with sulphuric acid, it is resolved into carI>onic acid, carl>onic oxide, and am- 
mouuu (Liebig and Wohler.) 

+ 3H*0 = 2CO» + 2CO + 4NH» 

Boiled w'ith baryta water, it gives off ammonia and precipitates oxaliite of barium : 

C*H«N‘0» 4- 2lWlDOa + jpo *= 4MI* + 2C*Ba''()«. 
iSImilarly with aqueous potash (Liebig and Wo hlerV A solution of allantoin in 
cold potash deposits all the allantoin unaltered, if immediately mixed with Hcids ; but 
in the course of a day or two, it changes spntaneously into hydantoatr of pvtasstum 
(C^H^CN'O*), and is then no longer precipitated by acids, gives off but little ammo- 
uia when boiled, and does not form any oxalic acid : 

C^H«N<0* + KHO == C'H’KN«0* ; 

by tlio further action of the alkali, the hydantoate of potassium is resolved into urea 
and lantanurate of potassium : 

C'H'KN^O* *» CIPN^O +C*H*KN=0*. 

\Mien the aqueoas solution of allantoin is boiled with metallw ojndes, compounds 
art- formed which may be called salts of aUantoin. Some of them consist simply of 
aII;intoin in which I at. His replaced by a metal; thus, the cadOTfW7f^<M)mpounci is 
( ’MPH’d'N-O"; and the si/iwr-com pound, obtained by mixing a solution of alUntoin 
with nitrate of silver and then with ammonia, is O^H*AgN^O*. But 
contain an excess of the metallic oxide ; thus, tlie zinc-compound is Zn O.L 11 Zn IM U , 
and the lesid-compound Pb"0.C»H‘*PbN*0*. These compounds are insoluble or 
sparingly soluble in water, and decompose at 100® or a little a^ve (Li iiipr icn^ 
Aun. Ch. Pharm. Ixxxviii. 94). The silver-compound was obtained by Liebig and 
•Wohler. . u 

When a solution of allantoin is boiled with excess of mercuric oxide, the flltrats 
becomes milky on cooling, and after a while deposits an amorphous powder containing 
2Hg"0.3C*H**Hg''N*0*, or 6Hg"0.3C*H**N*0*. Three other compounds are sud to 
beobtained from the mother- liquor. Allantoin does not precipitoto corrosive sublinmte; 
but with mercuric nitrate, in a cold and very dilute solution, it forms a precipitata 

conUining 3Hg^0.2C»H**H^N*0‘, or 6Hfir0.2C*H‘*N*0*. . . . „ 

On this last property isfounded a method for the quantitative estiination ^ ^an- 
toin, by precipiutton with a graduated soloUon of mercuric nitrate. The la 

similar to Liebig’s process Ihr the estimation of urea (y. o.), but is aj^tomow^w 
the estiination of aUantoin only in liquids not containing urea.^ To precipitate 
100 grmt. of dry aUantoin, C^H*N^O*, roqmres 172 grins, of mercuric oxJ^:0cmsSk 
quenaj 10 cob. cont. of a flamduated sotatimi of mcrcunc nitrate containing 0*770 gna* 

X 2 
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mercuric oxicU^, will precipitate 0*448 grm. allantoin. The liquid should contain a con* 
siderable excc'ss of the mercuric salt. 

AUAITTir&XC ACZB. — A product of the decomposition of alhmtoin 

under the influence of nitric acid, hydrochloric acid, or peroxide of lead (p, 131): 
also obtained by ti-oating uric acid with nitric acid or chicane. It is a white solid 
body, slightly acid, doliqucseont, nearly insoluble in alcohol, and yields by distilla* 
tion a product containing hj'drocyanic acid, with a bulky residue of charcoaL With 
nitrate of silver and acetate of lead, it forms white bulky precipitates, soluble in 
excess of these salts, and of allantiiric acid. (Pclouze, Ann. Ch. Phys. [3] vi. 71.) 

AX.XiXU»KO>irTXTB. Arsenfde of Antimony, (p. 371.) 

AXiXiXTUHXC ACin. C^IPNW? Obtained by mixing an aqueous solution of 
alloxantin with excess of hydrochloric acid, boiling the liquid rapidly down to a small 
(piantity, treating the pulverulent mixture of allituric acid and unaecomposed alloxantin 
witli nitric acid to dissolve out the latter, and dissolving the residue in 16 or 20 pts. 
of hot water. Tlio solution on cooling deposits allituric acid in the form of a bulky 
yellowisli white powder. It dissolves in strong sulphuric acid, and is precipitated from 
the solution by water. Its solution in aniinonia yields aUiturate of ammonium^ by 
spontaneous (‘vaporation, in colourless shining iiecillcs. The acid is decomposed by 
boiling witli potash, with evolution of ainmoiiiiu (irichlicpor, Ann. Ch. Pharm. 
Ivi. 20.) 

ALliX'SJlMC BATXVUBX. (6'ar//c.) 100 pts. of the ash of the fre.sh plant yield 0*54 
p.c. iush, containing in 100 parts: 12*17 carbonic anhydride, 4 82 sulphuric anhydride, 
2*18 pli<»sjihoric anhydride, 35*13 potash, a trace of soda, 2*75 chloride of sodium, 
6*74 carbonate of ciilciuin, 0*89 carbonate of magnesium, 30*09 basic iliospliate of 
calcium, 0*22 silica, and traces of the phosphates of magnesium and iron, 

AXaT«OOHXtOXTX3. A variety of garnet, fme-grained, inas.sivc‘, and of dark dingy 
colour. (Sec Gaunkt.) 

A L.XiOOOirXTB. Syn. with Hebi>eritk. 

AXi&OUKORPBXTE. Breithaupt's name for a mineral from Rudol.stadt, w'hich, 
amioUug to tiui analysis of Gerngross, appears to be merely sulphate of l)arium. 

AIiXiOPKAXrS. A hydrated silicate of aluminium, of a blue and sometimes 
green or brown colour, oerurring ma.ssiye, or in imitative shape.s, in a bed of iron-shot 
liTncstono, or greywacke nlate ill the forest of Thuringia, It is transparent or trans- 
lucent on the <*dgcs, moderately hard, but very brittle. Fracture imperfectly coii- 
ehoid^. re vitr<‘oiiH. Specific gravity 1*89. According to Stromcycr*s analysis, it 
contains 21*92 silver, 32*2 alumina, 3*06 ferric hydrate, 6*73 lime, 0*62 sulphate of 
calcium, S'OO carbonutt'of copper, and 41*30 water. Bunsen found in a specimen from 
a bed of lignite near llonn, nearly the same composition, with a slight admixture of 
the carbonates of culcium and magnesium, but no eo^iper. The mineial appears from 
the analyses of \Valchner, Berthior, Guiliemin, and others, to vary considerably in 
co^osilion, but irrespective of foreign admixtures it agrees nearly with the formula 
Ai*0*.3SiO=‘ -h 6K-0. Schnabel (Jahresber. d. Chem. 1850, s. 731), has, however, 
analysed several allophanes containing from 14 to 19 per cent, of oxide of copptr. 

AitOPnAKICACIB. C“U‘N-0‘ = ‘^“’^’|o. Ureo-carbonie acid. (Gm. 

By passing the vapour of cyanic acid into absolute alcohol, 
inebig and W Older obtained in 1830 a peculiar ether, which they regarded as <waiiate 
of ettijd; butm 1817 (Ann. Ch. Pharm. lix. 291), they discovered that the substance 
ether of a peculiar acid which they called allophanic aclcL 

Tina acid contains the elements of 2 at. cyanic acid and 1 at. water; 

C-'iPN*0* « 2CnNO + IPO. 

Its ethers are produced when the vapour of cvanic acid comes in contact with the 
corresi^nding alcoho s, and these ethers, treated with caustic alkalis, yield the cor- 
rMpondiug salts of allophanic acid. The acid itself is not Imown in the separate state ; 
and urea det^omposed by a stronger acid, it is resolved into carbonic anhydride 

C*H*N»0» » CO* + CH^HPK). 

In like manner the salts when heated 
> whonic anhydride, a carbonate, and 
^^fjUgphanate of Barium . — Obtained 
)MlytA-water, whereby wood-spirit or 

iq^ofyuig heat, till the et^er disappears 


in the state of aqueous solutioli, are resolved into 


bs^ ^iasolyiiig allcmhanato of methyl or ethyl in 
al^^l is set fm. v Thfb best method is to tri« 
s ofnydrate of barium and baiyta-water, without 
I ; filter Jroin the reiwining baiyta-ci^stals , and 
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set aside the filtrate for some days in a closed ressel ; the barium-salt then separate# 
gradually in hard crystalline nodules and crusts. The crystals are separated from 
the vessel tinder the liquid ; the liquid quickly decanted ; any carbonate of barium 
that may have been formed, is separated by elutriation ; and the crystals are washed a 
few times with a small quantity of cold water, and dried on paper at the temperatare of 
the air. \ 

The barium-salt hat an alkaline reaction. When heated alone, it does not 
give off a trace of water, but evolves mouocarbonato of ammonium, and leaves cyanata 
of barium. Its aqueous solution becomes turbid below 100° C., gives off carbonic 
anliydride with effervescence, deposits all the baryta in the form of carbonate, and 
afterwards contains nothing but urea in solution : 

+ n-’O - CO*Ba'' + CO* + 2CH«N*0. 

This salt, when an acid is poured upon it, is decomposed with brisk effervescence, 
yielding carbonic anhydride and urea ; even carbonic acid produces this decomposition, 
though slowly ; neither cyanic acid nor ammonia m formed. 

Allopkanate of Caldiim , — ^Prepared like the barium-salt. CiystaUisuble. Sparingly 
soluble in water. 

AUophanate of Potassium. — solution of allophaiiic ether in alcoholic potash quickly 
deposits this salt in laminae resembling those of chlorate of potassium. 

AUophanate of iSodium, — Obtained like the iwtassium-saJt, or by triturating the 
barium-salt, without application of Jicat, with an equivalent quantity of aqueous sul- 
phate of sodium, and pouring alcoliol upon the filtrate, which causes the sodium- salt to 
crystallise out in small prisms having an alkaline reaction. The aqueous solution of 
the sjilt evaporated without heat in vucuo, leaves the salt in the form of an iridescent 
gelatinous mass; evaporated between 40° and 60° O. it leiivea the salt partly unde- 
composed, partly resolved into urea and carbonate of sodium. The aqueous solution 
mixed with nitric acid gives off carbonic anhydride and deposits shining scales of 
nitrate of urea. It does not precipitate chloride of barium, in the cold, but, when 
heated with it, forms an immediate precipitate of carbonate of barium. 

JLllopUanlo Stliers. — These compounds contain the elements of 2 at. cyanic acid, 
and 1 at. of uii alcohol, monatomic, diatomic, or triatomic, e.g, 

AUophanate of Ethyl . . • C*II*N*0* 20NH0 -f- C*M% 

AJlophaiiato of Ethylene . . C*I1'*N*0* *=• 2CNHO + C*H*0* 

AUophanate of Glyceryl . . - 2CNHO + C»H*0* r 

They are obtained by passing the vapour of cyanic acid into the alcohols. 

AUophanate of Amyl, Amylic alcohol rapuUj 

absorbs the vapours produced by the action of heat on cyanuric acid, the liquid,^ aiter 
a while, solidifying into a magma of crystals, which may bo purified by solution in 
boiling water. (Schlieper, Ann. Ch. Pharm, lix. 23.) 

AUophanate of amyl forms nacreous scales, unctuous to the touch, and without taste 
or odour. It is insoluble in cold water, and its solution in hot water is neutral to 
vegetable colours, and docs not precipitate metallic salts. It is veiy soluble in alcohol 
and in ether, and is precipitated from the solutions by water. It is not attacked by 
elilorine, bromine, nitric acid, or liydrosulphuric acid. It melts at a geutlo beat, and 
sublimes without alteration ; but its melting-point is very near that at which decom- 
F^sitiou takes place. When heated above 100° < 5 . it boils, gives off vapours of amylic at- 
eohol, and leaves a residue of cyanuric acid, 3C^H**N*0* =» 3C*D[**0 + 2C*N II*0*i 
Distilled with fixed alkalis, it gives off amyl-alcohol ^Schlieper). According to 
W u r t z (Compt. rend, xxix, 186), hot potash-ley converts it into carbonate of potassiain,. 
amylujiiiue, and ammonia : 

C’H‘^N*0* + 4KHO « 2CO*K* + C*H*»N + NH* + H*0. 


• Allophanateof Ethyl^or Allophanie * C*H*(C*H*)N*0*. — When 
the vapours evolved from heated cyanuric acid are passed into absolute alcohol, 
tlie liquid becomes veiy hot and gradually deposits crystals of aBophanic ether. Tim 
product is washed with a small quantity of alcohol, then dissolved in a mixture of alcohol 
and ether, and left to crystallise by evaporation (Liebig and Wohler, Ann. Ch. 
I’harm. Iviii. 260 ; lix. 29 1 ). Accordi ng to Debus, allophanic ether is likewise produced 
by the action of ammATiiii. ^bicarbonate of eibylic disulphide. 

Allophanic ether crvrtalUiiM in colourless transparent needless, having a strong ^tistj^ 
It is insoluble in eoli water, but dissolveiAiir/toiliiig water and in alcohol, *P**3^^^ 
«ther. The aolutionnare neutral to test-fWlH, have no taste, and do not preC CT w l 
tneWlic salts. - ’ ^ . * 

Xhe ether /Uxsoives £> amm onia someiraM more freely than In water, 

» X 8 
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Allophanate of Qly^ 


thorefrom, apparently free from ammonia. It dissolres in dilute sulpliuric and idtri* 

acid at the boilingheat, apparently without decomposifa^^^^ 

The crystals when heated iu an open vessel melt and roldtiliBe, the vapours con» 

densing in the air in woolly Socks. . » j * n* w l ^ 

Treated with cold alcoholic potash or haijta-water, It yields a metalJic ^lophasate 
and alcohol; with a boiling solution of potash, it forms (yanurate of potassium. 

Allophanate of Ethylene, Altophanate of Glycol.— 

Olycol (hydrate of ethylene) absorbs cyanic acid vapour with considerable force, so 
that it is best to cool the liquid during the absorption. The product la a white masa 
which dissolves in boiiing alcohol, and separates on cooling in colourless shining 
laminae. It is soluble in water, and melts at 100® C. without decomposition, to a clear 
colourless liquid, which solidifies in tho ciystalline form on cooling. At a stronger 
heat, it gives off carbonate of ammonium, and a thick \dsdd liquid, while (yanuiic acid 
remains behind. Strong acids decompose it. With hydrate of barium, it behaves like 
tho glycerin-componncl next to be described; also with alcoholic potash. Strong 
aqueous potash likewise decomposes it^ without formation of cyanuric acid. (Baeyer, 

Ann. Ch. Pharm. cxiv. 160.) 

C®II*N*0* 

Allophanoie of Glyceryl, C®H**N‘0* ~ H*(C*H®)**' 

cerin , — Glycerin absorbs cyanic acid vapour, and is thereby converted into a white 
sticky mass, whicli dissolves in alcohol, leaving only a small quantity of cyamelide. 

The hot saturated solution, on cooling, deposits allophanate of glj'ceiyl in hard crusts, 
conifjosed of small translucent nodules. The crystalliaation is often slow, especially 
when much, glycerin is present; hence it is best to wash the crude product with cold 
alt»hol before dissolving it in hot alcohol. The nodules, after recrystallisation from 
alcohol and drying at 100®, gave by analysis 33*6 per cent, carbon, 5*7 hydrogen, and 
15*6 N, the formula requiring 33*7 C, 6-6 II, and 15*7 N. 

Allophanate of glyceryl has neither taste nor smell, dissolves slowly but abundantly 
in water, and with tolerable finality in boiling alcohol. Heated in the diy state, it 
melts at about 160® 0. to a colourless liquid, w'hich solidiOes in a gelatinous mass on 
cooling. On raising the temperature, a large quantity of carbonate of ammonium is 
evolved, and the mass ultimately turns brown and emits an odour of burnt bom. 

It is not decomposed by dilute acids at ordinary temperatures, but strong nitric and 
sulphuric acids decompose it, with evolution of carbonic anhydride. 

When triturated with water and hydrate of Itarium, it dissolves with focility ; but 
tho clear filtered solution deposits, after a short time, a bulky crystalline precipitate of 
carbonate of barium. Tho proci]>itatiott takes place even when the quantity of baryta 
is less than sufheient to saturate the allophanic acid present, so that it does not appear 
possible to prepare allophanate of barium in this manner. A certain quantity of that 
salt appears, however, to be formcrl, iuasmm'h as the liquid, after long standing, still 
deposits carbonate of barium when heated. If alcohol be added to the liquid containing 
an insufficient quantity of baiyta., allophanate of ethyl is produced, probably by a 
catalytic action. Allophanate of glyceryl heated with baiyta-water, yields nothing but 
carbonate of barium, urea, and glycerin. 

In an alcoholic solution of ^udash, allophanate of glyceryl cakes together to a sticky 
mass, then gradually dissolves, the solution after a while depositing long needles 
which gradually change to small bulky masses of needles, apparently consisting of 
ethyl-carbonate of potassium. (Baeyer.) 

AUophanateof Methyl, C»H»N*0* « C»HXCH»)N*0»— DiscoveredbyRichard- 
son in 1837 (Ann. Ch. Pharm. xxiil 128), and originally called ureo-carbonate of 
7nttkyl. When cyanic acid vapour is passed into methyl-alcohol, colourless crystal^ aro 
obtained, which must bo repeatedly washed with water, and then dried at 100® C, When 
heated, they partly volatilise undecomposed, and are partly resolved into ammoniot 
methylene gas (?), carbonic anhydride, and <yanuric acid : * 

3C*H«N*0« » 3NH* + 3CH* -I- 3CO» + C>H*N*0» 


Heated with potash, they are decomposed in the same manner as the ethyl -compound. 
They dissolve readily in water, w’ood-spirit, and alcohoL especially when heated, 
forming neutral solutions. 

Allophanate of Phtpcnic acid, C»‘H”NW « C»IP(C»*H*'0)N*0*. — Eugenic 
acid rapidly absorbs cyanic acid vapour, forming a thick mass, which diasolyea in hot 
alcohol and separates m long shining needles on cooling. At 100 ® C. it gave 57 * 0 — 
OT'O per cent. C, 67~-6'& H, and 11 3 N (calc. 57'6 C, 5*6 Hand U-2 N). It contains 
the elements of 2 at, eyamc acid, and 1 at, eugenic acid (2CNHO + C»*H'*0*), and is 
therefore analogous in composition to the allophanic ethers. 

It is insoluble in water, sparingly soluble in cold alcohol, abundantly in hot alcchoL 
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It dibits atroctg tendency to oystallise, bo that even imall quantitiefl of the solution 
yield needles of proTOrtionably oonsiderable length. It is veiy soluble in ether, is 
destitufe of tasto and smell baa a silky lustre, ana is permanent in the air. 

Strong acids decompose it Triturated with water and hydrate of barium, it ihrms 
a sti/T/vistq eoDsisting of eugenate and allopbanate of barium. Alcoholic potash does 
not appear to convert it into allopbanate of potassium. When heated, it is resolved 
into ei^geniesnd cjannric acids, (^aeyer, Ann. Cb, Pbarm. exiv, 164.) 

JULAOTXOFTa fi>eo Isomerisst, 

AS&oaBAir. {Allos^anhydride, Laurent.) 

History , — Liscoycred in 1517 by lirugnatelli, who designated it Erythrie add: 
first completely investigated by Liebig and Wohler, in 1888 (Ann. Ch. Phamu 
xxvi. 256); more recenUy by Schlieper (Ann. Ch. Pharm. Iv. 253). 

Formation and Preparation. — Alloxan is one of the numerous proaucts of the oxida- 
tion of uric acid. Its preparation is a matter of some nicety. Liebig and Wo hi or 
\Joc. cit.) and Gregory (Phil. Mag. 1846), prepare it by the action of nitric acid on 
uric acid: concentrated nitric acid specific gravity 1*4 to 1 *42), must be employed, and 
the temperature must not be allowed to rise above from 30^ to 35° C. The process is 
thus conducted. From IJ to 2 parts strong nitric acid are placed in a beaker or por- 
relaiii basin, surrounded with cold water, and 1 pt. uric acid is added in successive 
small portions, with constant stirring, care 1)cing taken not to add a fresh portion of 
uric acid until the action caused by the addition of the former portion has quite Bub- 
si<led. Carbonic anhydride and nitrogen arc evolved with efibrvescenco, the action 
becoming gradually less violent as tho operation proceeds; and ciystals of alloxan 
gradually separate out. When the decomposition is complete, the mixture is leftover* 
niglit in a cool place, and the crystalline magma is then thrown on a funnel plugged 
with asbestos or coarsely pounded glass, and the last portions of the mother-liquor kre 
carefully removed by washing with ice-cold water, till the washings have only a faintly 
acid reaction. Schlieper recommends removing the alloxan as it forms, in order to 
withdraw it from the further action of tho nitric aciA Tho crystals of alloxan bm 
dried by standing on filtering-paper or a porous tile, and then purified by solution in 
the smallest possible quantity of water at from 66° to 80° C. ; the solution is filtered, 
said cook'd till it crystallises : by evaporating the mother-liquor at a heat not exceed- 
ing 50° C. further crystals are obtained. Tlie mother-liquor from these crystals, ai 
well as that originally Gained off, still contains alloxan, which is best separated by 
being previously converted into alloxantin. For this purpose, 'Schlieper proceeds as 
follow's : — The mixed mother-liquors are nearly neutralised by carbonate ot calcium or 
sodium — if the neutralisation were complete, the alloxan would bo converted into 
alloxanic acid — and J of the mixture are saturated with sulidniretted hydrogen, 
whereby sulphur and alloxantin are precipitated, some dialuric acid being also formed 
by the further action of the gas. The remaining 5 is then added, the alloxan in which 
reconverts the dialuric acid formed into alloxantin. The alloxantin, which separates 
out completely in 24 hours, is freed from sulphur by solution in 1x>iling water and^ crys- 
tallisation. In order to convert it into alloxan, one half of it is boiled with twice ite 
volume of water, nitric acid being added drop by drop until the ^evolution Of nitric 
oxide is perceptible, and the whole is heated in a water-bath until effervescence has 
ceased : small portions of the remaining half are then added Buccessively, until a fresh 
addition produces no effervescence, then a little nitric acid, wd so on till the nifric 
acid is completely decomposed, a little alloxantin remaining in excess. The solution 
is then filtered hot, and 3 or 4 drops of nitric acid added to the filtrate, which deposits 
crystals of alloxan on cooling. The total weight of alloxan thus obtained, should be 
about equal to that of uric acid employcA It is not advisable to operate on more than 
70 to 80 gnn. nitric acid at once. 

SidiUepcr prefers chlorate of ^mtassium to nitric acid as an oxidising agent. Into a 
^basin containing 124 grm. or 4 oz. of uric aciA nud 240 gnn. or 8 oz, of moderately 
strong hydrochloric aciA he adds in successive portions, with constant stirring, 81 
gnn. or 6 dr. pulverised chlorate. Heat is evolved, which must not be allowed to 
rise above a certain limit ; and a solution is obtaineA containing only a llox a n and 
urea (OH*N*0* + H*0 + O « C^H*N*CH + CH"N*0). If proper caw be taken, no 
gas is evolveA The solution is diluted with twice its volume of cold water, and de- 
canted after three hours from any nndissolved uric aciA which is heated to 50® with 
a little strong hydrochloric actA and oxidised by a fresh pmrtion of chlorate, fa 0^ ^ 
to separate the aUoxan from the urea, it is converted into alloxantin and reoonvarted 
mto alloxan in the manner a^ve describeA _ ' 

alloxan prepared by the above methods contains 1 or 4 atoms of wste cs 
laUisation. Anhydrous is obtained by heating the monohydrated componad 

k4 
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to ir>0‘5--l60® C. in a stream of dry hydrogen : the tetrahydratad eomp ^ _ 
first converted into the monohydrate by very careful heating to 100®. (Craien_ 

a. — Anhydrous alloxan is of a pale reddish colour, which is probably . 
to the action of heat. When crystallised, it contains 1 or 4 atoms of water of crji^' -w 
tallisation. The crystals obtained by evaporating a warm aqueous solution contain - 
1 atom of water : they are oblique rhombic prisms, belonging to the monodipic system, 
having the appearance of rhomboidal octahedra truncated at the extremities ; they 
are large, transparent, and colourless, of a glassy lustre, and do not effloresce in the 
air. Liebig and Wohler regarded this compound as anhydrous. Those obtained by 
cooling a warm saturated aqueous solution are transparent, pearly crystals, often an 
inch long, belonging to tho trimetric system : they effloresce rapidly in warm air, 
and when heated to 100° are converted in the monohydrated compound. According 
to Gregory, there exists a third hydrate containing 2^ atoms of water. 

Alloxan is readily soluble in water or alcohol, forming colourless solutions, whence 
it may be precipitated by nitric acid. Its aqueous solution has an astringent taste, 
and colours the skin purple after a time, imparting a peculiar and disagreeable smelL 
It reddens litmus, but docs not decompose aikaline-earthy carbonates : neither does it 
attack oxide of load, even on boiling. 

The following is the percentage composition of the three varieties ; 


C*. 

H*. 

N*. 

0 *. 


. . 142 

IPO . . 18 

+ aq. 160 

C'HWO* + H*0 . 160 

3H*0 . 64 

CWN-0* + 4“‘aq, ’214 


48 

33*8 


2 . 

1*41 


28 

19*72 


63 

4607 


142 

10000 



Calc. 

Gm. 

, , 

88-76 

88*66 


11*25 

11*36 

10000 

100*00 

C.Mc. 

h. a. W. 

Gvn. 

. 74'77 

. 73-6 . 

7*-72 

. 26-23 

. 26*6 . 

25-28 

100-00 

100*0 

100*00 


J)ecomposttions» — 1. 2?v Heal, When heated, alloxan melts, and is decornnosed, 
forming, besides other products, cyanide of ammonium and urea, (Handwb. d. Chem.) 

2. By Electroh/sis. — An aqueous solution of alloxan is decomposed by the voltaic 

current, oxygen being evolved at the ^sitive pole, and crystals of alloxantin formed#; 
at tho negative pole. _ ? f ' 

3. Nitric acid, — Hot dilute nitric acid converts alloxan into parabanic amd^juid f ^ 

carbonic anhydride : ^ 

+ 0 - C»H*N*0=* + CO» 

Parabanic ar. * 


Further action of nitric acid converts the parabanic acid into nitrate of urea and car- 
bonic anhydride. Monohydrated ulloxiin is scarcely attacked by heating with strong 
nitric acid. (S c h I i e p e r.) 

4. Ifi/drochloric and Sulphuric acids , — When heated with these acids, alloxan is 
converted into alloxantin, which gradually sraarates, and the mother-liquor yields on 
evaporation acid oxalate of ammonium. The decomposition goes through seveial 
stages : first, alloxantin, oxalic and oxaluric acids are formed ; then the oxaluric acid ifk- 
decomposed into oxalic acid and urea ; and the urea is finally resolved into carbonic an« 
hydride and ammonia, whioli last combines with the oxalic acid. (Liebig and Wohler.) 

5. An aqueous solution of alloxan is decomposed by hoiliTig into carbonic anhydride, 
parabanic acid, and alloxantin, which separating on cooling t 

3C'H*N*0« CO« + C*H*N*0» + C3*H*N*0» 

^ Alloxantin. 

Parabanic 

acid. 


6. Bu reducing Offfnts, alloxan is converted into alloxantin. This decomposition is 
ef^ted by protochloride of tin, sulphuretted hydrogen, or zinc and hydrochloric acid 
(nascent nydrogen) : ■. 

2C<HWO* + H* = C:*HWO» + H*0 * 

title tether a^on of the two latter reagents converts the alloxantin into diahtric i 
OT[*N*0’ + H» + HH) » 2C*H*N*0* 


Dialuric acid. 
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upoaillim ia efi^ted when nn aqneoua solution of aHeaum is boiled with 
i of iniiphitrons acid. Whei^ howerer, aqueous alloxan is saturated with sul- 
ous anhydride^ and the solution eTaporated at a gentle heat^ it yields on cooling 
^ > efflorescent tables of a cotyugated acid, which, by analysis of its potassium-salt, 
ap^ars to contain the elements of I atom alloxan and 1 atom sulphurous anhydride 
(Gregory]!. When a cold saturated solution of aqueous alloxan is treated with sul- 
phurous acid in excess, ammonia added, and the whole boiled, thionurate of ammonium 
u formed : 

C*H=N»0^ + NH* + SO»H* =. C*H»N«SO* + H*0 

Thioiiunc 

UCIll. 



7, Syjixtd alialis and alkaline earihe, alloxan is converted into allozanic acid : 
C*H*N“0* + HH) - C*H*N»0* 

Alloxauic 

acitl. 

Aqueous alloxan gives with baryta- or lime-water a ^adual white precipitate of allox- 
anate of barium or calcium : a similar action is produced by a mixture of chloride of 
barium, or nitrate of silver, with ammonia. If the alkali bo in exces^ the precipitated 
alloxanate contains mesoxaJate, and the filtrate contains urea (Schlieper). lly boil- 
ing with aqueous alkalis, alloxan is decomposed into mcsoxalic acid and urea : 

+ 2II‘0 = C»H*0» + CH'N^O 

MefeoxaUc Urea, 
acid. 


8. By Ammonia^ — A solution of alloxan in aqueous ammonia turns yellow when 
gently heated, and on cooling forms a yellow transparent jelly of mycomelato of am- 
monium : the liquid retains in solution alloxanate and mesoxulato of ammonium and 
urea (Li obig) : 

+ 2NH* - + 2mO 

Myce melic 
acid. 


9. With ferrous salts, aqueous alloxan gives a deep blue colour, but no precipitate 
unless an alkali be added. 

10. When aqueous alloxan ia heated with peroxide of lead^ carbonic anhydride ii 
evolved, carbonate of lead precipitated, and urea is contained in the solution : 


+ 2PbO* + H*0 - CIPN*0 + 2CO»Pb -r CO* ^ 

« 11. Wben aqueous alloxan is gradually added to a boiling solution of neutral acetate 

of Uad, mesoxalate of lead is precipitated, and urea remains in solution. When the 
* leadfeolution is added to the alloxan-solution, alloxantin and oxalic acid are formiKl. 

P. T. C. 


A&XiOaLanc Ji.CZJ». » alloxan + H*0. 

History , — Discovered by L i e b i g and Wo h 1 e r, in 1 838 (Ann. Ch. Pharm. xxvi. 292)^ 
further examined by Schlieper. (Ann. Oh. I’liarm. Iv. 263, Ivi. 1.) 

Fornmtion and Preparation. — Alloxanic acid is formed when alloxan is brought 
into contact with aqueous fixed alkalis (sec Alloxan), alkaline carbonates, or ^id 
carbonate of calcium (S t iidelo r). It is prepared by decomposing alloxanate of barium 
by sulphuric acid. The salt is suspended in a little water, and a slight excess of dilute 
sulphuric acid added, with constant notation : 5 pts. salt require IJ pt. strong sul- 
phuric acith duly diluted. After digestion for some time at a gentle neat, the excess 
of sulphuric acid is removed by pure carbonate of lead, the excess of lead by sul- 
phuretted hydrogen, and the excess of gas by heat : the solution is then filtered, and 
evaporated to a syrup, either over sulphuric acid in vacuo, or at a temperature not 
exceeding 40* C. 

, Properties. — Thus prepared, alloxanic acid forms hard white needles, arranged in 
radiated groups, or in warty masses : if it has been heated above 40* C. it crystallisei 
with difficulty, or not at all. The crystals are permanent in the air : haveasourtasti% 
but a sweetish aftertaste ; are readily soluble in water, less readily, viz. in to 6 pts. 
Ju^bol, still less in ether. The solution is acid to litmus, readily decomposes car- 
wuates and acetates, and dissolves zinc, cadmium, &c., with evolution of nydrog^ 

^Its oomposition is : 
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the formula 


It u it dibaaic acid, forming acid as r. / a- 

Hlloxanates ia of acid aUoxanates, Cm^dlNH^. It 8^ appe^ tq j 

haaic Balts with some heavy metals, Alloxanates ^ mostly oh^ned by the ^ti<m 
of aqueous aUoxuDic acid on metaUic carbonates. The alkaline alloxanates are soluble 
in water- the normal salts of other metals are generally more or less insoluble, the 
acid salts readily soluble. They part with their water of ciystallisation at temperatures 
yarying from 100® C. to 150® ; and require a stronger heat for their decomposition. 

The alloxanates have been investigated principally by Schlieper ^loc. dt). The 
only one whi(!h requires special mention is the normal barium-salt, which is employed 
for the preparation of alloxanic acid. It is obtained by mixing 2 vols. of a cold satu- 
rated solution of alloxan with 3 vols. of a cold saturated solution of chloride of barium, 
heating the mixture to 60® or 70®, and adding gradually potash-solution, with constant 
agitation. Eiich addition of potash produces a white curdy precipitetc, which soon 
rediasolves: at last the precipitate remains permanent, and the liquid suddenly 
becomes filled with alloxanate of barium, which falls down as a heavy crystalline 
powder, and may be freed from chloride of potassium by washing with cold water. 
If too much potash has been added, a persistent curdy precipitate forms, consisting of 
basic alloxanate and mesoxalate of barium ; it must be redissolved by the addition of 
a little alloxan-solution. A less abundant, but more certainly pure product is obtained 
by adding baryta- water to aqueous alloxanic acid. 

Ih-conqwsitions. 1. By Heat . — When heated, the acid melts with intumescence, 
becomes carbonised, and evolves vapours of cyanic acid. Alkaline alloxanates are 
decomposed by heat into a mixture of carbonate and cyanide. An aqueous solution 
of alloxanic acid is decomposed by boiling, carbonic anhydride being abundantly 
evolved, and two now bodies formed, one of which, Imcoturic acid, being insoluble in 
water, separates as a white powder when the solution, after evaporation to a syrup, is 
diluted with water; while the other, dijluan, remains in solution, but may be preci- 
pitated by alcohol. The hitter is formed in far the larger quantity. The composition 
of those bodies is not accurately established: Schlieper assigns to the former the for- 
iTtula C=*1I^N O®, to the latter, or C*H^N’'0*. Schlieper states that a third 

substance is also formed, soluble in water and alcohol, with the formula C’H*N®0*. 
The alcoholic solution of alloxanic acid is not decomposed by boiling. Alloxanates are 
decomposed by boiling with water into mesoxalate and urea : 

C<H*N*0* + H*0 = C*H»0‘ -h CH^N^O 

2. When heated with nitric acid, alloxanic acid is decomposed into parabanic acid 
and carbonic anhydride : 

OTI^N^O* + O = + CO* + H*0. 


3. Alloxanate of potassium gives a dark blue precipitate with ferrous-salts. (Sea 
Axi.oxan.) 

Alloxanic acid is not decompn.sed by sulphuretted hydrogen, or by boiling with 
bichromate of potassium or tetrachloride of platinum. 

According to Ornelin, the compound described by Vauquelin (M5m. du. Mus. vii, 
253) by the names acide purpiiriquie blanc or urique suroxigenee (oxuric acid) is to be 
regarded as impure alloxanic acii — F. T. C, 

A.x.x.oacA.xrenr. {Uroxin.) c»n^N*o* + 3ll*o. 

History. — Probably first noticed by P ro u t ; first described by L i ® ^ Woh 1 er 
in 1838; further examined by Fritz sche, who called it xiroxin ^J. pr. Cnem. xiv. 237). 

Formation and preparation. — Alloxantin is formed in vario^ reactions. 1. By 
the action of warm dilute nitric acid on uric acid.— 2. By the action of electrolysis, or 
of reducing agents on alloxan, or by heating it with water or dilute sulphuric acid 
(see Ai.uoxan) : also by dissolving alloxan in dialuric acid. — 3. By heating dialuramide 
(uramil) with dilute sulphuric or hydrochloric acid, or thionurate of ammonium with 
a large quantity of dilute sulphuric acid. — I. By the action of the air on dialuric acid.*' 
—6. In the decomposition of caffeine by chlorine. (Rochleder.) 

The following are the most usual processes for the preparation of alloxantin. 
1. Biy uric acid is added gradually to warm, very dilute, nitric acid, as long as it is 
dissolved, and the solution evaporated till it has an onion-red colour ; or dilute nitric 
acid is added to 1 pt. uric acid in 32 pts. water, till all is dissolved, and the solution 
evaporated to two-thirds ; the crystals obtained in either case are purified by re-crys- 
tallisation from hot water. — 2. Sulphuretted hydrogen is passed through an aqueouC 
solution of alloxan, till a crystalline magma forms ; this is dissolved by heat, the pre- 
eipitated sulphur filte^ off hot, and the filtrate crystallised. — 3. A solution of alloxaii 
in dilute sulphuric acid is heated for a few minutes, when it becomes turbid, and de- 
posits crystals of alloxantin on cooling. —4. Dialurate of ammonium is evaporated at 
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A gieatU heMt with m Jugo exces9 of dilute eujpburic aeid ; whea dinlune ueid apwtef- 
liees outy which is converted into sUoxsntin by the uction of the sir, mibout ^hAng i ng 
its erystalline fom, (Gregory.) 

Properties. — The aJloxantin obtained by the shove methods^ contains 3 atoms of 
water of crystsUiaation, which it does not Jose till heated to above 160^C. Of 
propertiee of anhydrous aliozantin nothing is known. The ciystals are smaU, tnuiB* 
parent, colourless, or yellowish, oblique rhombic prisms, hard, but vary i^'iable. In 
those prepared by methods 1, 2, and 3, the angle of the obtuse lateral edge is 105^ ; 
in the dimorphous crystals obtained from dialurate of ammonium, it is 121°. They 
redden litmus, but do not exhibit acid properties in other respects. They are yeiy 
slightly solublo in cold waCbr, more abuncfantly, but still slowly, in boiling water, 
from which solution the alloxantin separates almost completely on cooling. The fol- 
lowing is the percentage composition of anhydrous and hydrat^ alloxantin. 


AnMudrous, 

C» 96 

4 

N* 66 

112 

C"HW6’ 268 


Calc, 

86*8 

Cf^ais. 

96 

1-6 


40 

20-9 


66 

41*8 

0** 

160 

100*0 

O'H*N*0’ + 8aq.322 


Ctile. 

L. and W. 

FritEtrhff. 

29*81 

30*62 

30*06 

3*11 

3*16 

3*04 

17‘39 

17*66 

17*62 

48*67 

48*67 

49*38 

ioo¥o 

loood 

160*00 


Decompositions, — 1. By hcat^ alloxantin yields a peculiar crystalline product. 

2, By oxidising agents^ alloxantin is converted into alloxan. This change takea 
place slowly, when its aqueous solution is exposed to the air, much more rapidly when 
it. is heated with chlorine- water ; or when it is diffused in boiling water and a small 
quantity of nitric acid added. Selcnious acid als6 converts the hot solution of allox- 
antin into alloxan, separation of selenium. 

3. By reducing agents, e, g. sulphuretted hydrogen, a hot solution of alloxantin ii 
converted into dialuric acid : 


C"H'N*0» + H*S + H»0 « 2C*HWO* + S. 

Dialuric acid. 

4. Wlien boiled with excess of hydrochloric acid, it is partly decomposed, and de- 
posits on cooling, a white powder of allituric acid, (Scli licper).^ At the 

same time, alloxan and parabanic acid are formed, together with an acid which 
Schlieper calls dilituric acid, which he has not succeeded in isolating, 

6. With baryta-water, alloxantin gives a violet precipitate, which, on boiling, turns 
white, and then disappears ; the solution contains alloxanate and dialurate of barium, 
2C*}l*S*0^ + 3Ba'^*0* - 2C*H*Ba''N*0» + ClI^Ba^N^O* + 2ir'0. 

Alloxanate Dialurate Da. 

Ba. 

6. Sy amtatmia, alloxantin is converted into pnrpurate of animoniura (murexidc). 
C*H'N»0' + 2NH* - CH'N’O* + H»0 

Miiroxidc. 

This change takes place either in the wet or the dry way. In the diy way it occurs 
when alloxantin is neated to 100° C. in an atmosphere of dry nxnmonia (Gmclin): or 
when it is exposed at the ordinary temperature to air containing ammonia. In the 
wet way, an aqueous solution of alloxantin is coloured purple-red by ammonia: the 
colour disappears on further heating, or when left for some time in the cold. When 
nitric acid is gradnally added to the hot alloxantin-solution, so as to form alloxan, 
the addition of ammonia produces a deeper purple colour as tlio quantity of nitric 
acid, and consequently of alloxan, increases ; but the coloration ceases when the 
alloxantin is entirely converted into alloxan. When a solution of alloxantin in tho- 
roughly boiled water is mixed with ammonia, and boiled till the purple colour hns 
^disappeared, crystals of dialuramide (uramil) are deposited : the yellow mother-liquor 
becomes purple by ex[^ure to the air, deposits crystals of puipurato of ammonium, 
and finally coagulates into a jelly of mycomelate of ammonium : 

C^‘N«a» + 4NH" * C*H*N*0» ♦ + 2H»0. 

UrsmiJ. llycomel. 

^ smm. 

The formation of mnrexide depends upon the oxidation by the air of some of the 
nramil which is dissolved in the ammonia. When a solution of alloxantin in aqueous 
ammonia is repeatedly evaporated at a gentle heat in an open vessel, the 
e^h time dissolved in ammonia, pore ozalurate of ammonium is finally obtained . li toe 
air be excluded, this substance does not form. . . i... 

Aqueous solnrionsof alloxantin and sal-ammoniac, both freed from aw liy oeuuigi 



140 


alloxantin— ALL YL. 


JUm « pniple-wd mixture, which soon heoomM pder, and d^its colptidw 
jSa ofuiamil: the moOiei-liguor contama alloxaa and bfdneUone aad: 

y- NM^l « C^HWO* y- C^JEPIPO^ ^ ffCL 

UrMmU. 


Acetate or oxalate of ammonium acta like the chloride. 

8. When aqueous alloxantin is heated with oxide of silver, carbonic anbjrdnde is 
evolved, silver reduced, and oxalurate of silver formed : 

C*IIWO’ + 4Ag'^0 + H^O = 2C^H^AgN-0* + 2C0* + 6Ag. 

Oxalurate silver." 


From nitrate of silver, alloxantin precipitates metallic silver: the filtrate gives a 
wliite precipitate with baryta-water. Aqueous alloxantin dissolves mercuric oxide 
with evolution of gas, probably forming mercurous alloxanate. By peroxide of lead 
alloxantin is converted like alloxan. — 9. Aqueous alloxantin is decomposed by long 
keeping, even out of contact with air, a>nd is converted into alloxanic acid. (Gregory.) 

Tv tramethyl- Alloxantin, C"II'^NW = C'(Cn*)^N^O’ ■¥ IPO. — This com]posi- 
tion is assigned by Gorhardt to a product of the action of chlorine on caffeine, disco- 
vered byltochlcder (Ann. Ch.Pharm. Ixxi. 1), also called A y.)— F.T. C. 

A£l«OVS. (See Metals.) 

AKIbOAirDZTlS. (See TumiYUNB.) 

AXiXiY]b* Acryl, Propylcnyl. C*H*, — ^Berthelot and Do Luca in 1854 (Ann. 
Ch. Phys. [3] xliii. 257), by acting on glycerin with iodine and phosphorus, obtained 
the compound which they regarded as iodotritylene, that is to say, tritylene, C*H", 

having 1 at. II replaced by io<.liiie, but which is now rather regarded as the iodide 
of the radicle allyl, Zinin, in 18or5 (Ann. Ch. Pharm. xcv. 128) by acting on this 
iixlide with 8ulphoeyaiuit(' of ^wtassium, obtained a volatile oil, the sulphocyanate of 
allyl, C'’Jr\CyS, identical with volatile oil of mustard, and afterw'ards (Ann. Ch. 
Ptianu. xevi. 361) proparc'd the henzoato, acetate, &e. of the sumo series. Hofmann 
and Call ours, in 1850 (Coinpt. rend. xlii. 217 ; more fully, Phil. Trans. 1857, 1; 
Ann. Ch. Pharm. cii. 285; Choni. Soc. Qil J. x. 316), disooveml allylic alcohol and 
I)rcpared a great number of its derivatives. La.stly, JlertheJot and De Luca in the 
saiiiu year isolated tin? radical allyl, and prepared the dihromide and diniodide. The 
oxisti nee of this radicle in tlie oils of mustard and garlic was first demonstrated 
by Wortheim. (Ann. Ch.Pharm. li. 289; Iv. 297.) 

Allyl is the third term in the series of homologous radicles C“II"~*, vinyl C*H* 
being the second; it is the only radicle of the scries that has yet been isolated. 

AIW, in the free state, is obtained by decomposing the iodide, 

C’*IPI, with sodium at a gentle heat, and afterwards distilling the liquid product. It 
is a very volatile liquid having a peculiar pimgent, ethereal odour, somewhat like that 
of horse-radish. Specific gravity 0 684 at 14. Boils at 69^ C. Vapour-density by ex- 
periment 2'92 , by calculation from the formula C»H'« (2 voh) 2-89. Allyl is but 
little attacked by strong sulphuric acid. Fuming nitric acid changes it into a neutral 
liquid nitro- compound, soluble in ether and decomposed by heat. Chlorine acts 
strongly upon it| hydrochloric acid being evolved and a liquid compound formed 
heavier than water. Bromine and iodine unite directly with it, forming the com- 
pounds C^IPBri and C^H*1% (Bertbelot and De Luca.) 

AUTl^axcoKOXi. Hydrate of Allyl, C’H'O = O.— Prepared by tbe 

action of ammonia on oxalate of allyl, oxamide being formed at the same time : 
(eO»)”( C^IP)gQ « + 2NH» « 2(C*H».H.O) + N» (O'O*)" 

Oxalate of allyl. Allyl-alcoliol. Oxamide. 


Dry gaseous ammonia is passed into oxalate of allyl till the whole is converted into « 
solid mass of oxamide saturated with nllyl-alcohol. The latter is then distiUed off in 
a bath of chloride of calcium, and rectified over anhydrous sulphate of copper. The 
alcohol ftP^ara also to be produced by distilling l^nzoate or acetate of allyl with 
potash (/in in, Ann. Ch. Pharm. xcvL 362). It is a colourless liquid, having a 
potent but not unpleasant otlour, apd a spirituous burning taste. It n^es in all pro- 
portions with water, common alcohol, and ether. It bums with a brighter fiame &in 
wmmonal^hoL 103^ C.* IPgave by analysis, 62 08 per cent O and 

10*43 H, the formula C*H*0 requiring 62 07 C, 10*34 H, and 27*5 9 O. 


» One tunple of the alcohoHerj carrAiltr pr<>par<Mi 
however, mxy have ariten from (1ecom|>oiftlon ; nt all* 
•acee generelly oh-erved in enatogoua ethj! and 


. wa« found to boll between SeP and 100* C. Tbhh 
eveiiu. the number IO:«o agrees with the diObr* 


eifrl-cuttipoundt. (HofmaniiJi 
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iUJyl-sIeoIioJ is strongly attacked by phosphoric anhydride, a colourless mis. pitv 
Imbljr hemg girea off, which hums with a vety bright Hsiuc. It is vioieutlr 
oxidised by a mixture of sc/d chroinsto of potsssiuai and sulphurio acid, with foima^ 
tion ofallylic aldehyde (acrolein), and acry lic acid, The same irawf 

formation is effected, though more slo wly, by platinum black, Fohtsaium (or sodium) 
decomposes allyl-iilcobol, with cvolntion of hydrogen and formation of a gelatinous 
mass ofallylate of iK>Uissmm, C^WKO, Strong su»phiiric acid acts on it in the same 
manner as on coniznon alcohol, converting it into aUyl-snJpIiiiric acid, C!H*.H,SO^ 
With potash and disulphide of c‘arI>on, it yields tlio potassiuni-salt of allyl-xanthio 
acid. 6 iT«S»0. 

AXiXtTXi. BROXIlZ]>BS OP The momohrowide, C*H*Ilr, wliioh is isomeric^ 
or perhaps identical witli bromotritylonc, is obtained by the action of bromide of phos- 
phorus on allyl-alcohol (Hofmann and Cahoiirs); or ly distilling dibrotnide of 
tritylene, G'H^Ur* (or liydroln-oinate of bromotritylene, C*II*lir.H13r) with aleoholio 
potash (Cahours). Its specilic gravity is 1*47, and boiling ^loint 62° C. (Cnhours.) 

The hydrobromate of this compound, or dibromide of irityleiie, is produced when 
bromine is gradually passed into an excess of tritylene gas ; but when tritylene is 
passed into excess of bromine, a number of compounds are formed wliioh may bo re« 
garded us compounds of hydrobromic acid with bromide of ullyl having its hydrogen 
more or less replaced by bromine. (See Tiwtylrne.) 

i)th*'Oiiiide of Ally I, C“IPBr“. — AUyl unites directly with bromine, the com- 
bination being attended with evolution of heat. If the action be stopped just as the 
liquid begins to sliow colour from excess of bromine, and to give off hydrobromic acid, 
and if the liquid be then treated with potash, dibromide of allyl is obtained as a 
crystalline body, very soluble in ether. It melts at 37° C. ami when ont'e fuseA 
homclimes rinnains liquid at ordinary temperatures. It may bo volatilised without 
decompjsition (II or t helot and Be Luca). The allyl in tliia compound takes the 
place of 2 at. H. 

Tribromide of Allyl, C*II*Bi^. — Obtained by gradually adding bromine to 
iodide of allyl in a vessel surrounded by a freezing inixtiiro. The mixture is left to 
itself till the next day ; freed from crystallised iodine by washing first with alkaline and 
afterwards witli pure waUr ; then dried and distilled; the liquid which passes over is 
again washed and distilled, collecting apart that which goes over from 210° to 220 °C,; 
the purjde liquid then obtained is cooled to 0° C, whereupon it solidifies in a crys- 
talline mass ; the niotlici^quor is drained off; and the product is fused and again 
rectitied. By this method, tribromide of allyl is obtained as a colourless neutral 
liquid, of not unpleasant odour, specific gravity 2*436 at 23° C., boiling at 217° 
or 218°, and solidifying below 10° By slow solidification, it yields shining prisms, 
which melt at 16° (W urtz, Ann. Ch. Phys. [3] lx. 84.) 

Alcoholic potash converts it into an ethereal substance lioiling at 135° C. Heated to 
100° in a sealed tube with alcoholic ammonia, it is converted into Fibromillylamine, ‘ 
N.II,(C*H‘Br/ (M. Simpson, Phil. JMag. [4] xvi. 257). The dcscomixwitjon appears 
to consist of tw'o stages ; in the first, the compound C*H'Br®, is converted into C*JJ*Br'^, 
and in the second, tliis latter is converted into dibroinallylamine : 

C>H*Br» 4 - C*HH3r* + NlI^Br. 

(C^IPBr 

and 2C»HW + 3NH* « N^CHPBr + 2NH^Br. 

( H 

Dissolved til glacial acetic acid, and heated with acetate of silver to 120° — 125'^ C, 
for a week, it yields bromide of silver and triacetin (p. 25.) 

The radicle C*H* in this compound is triatomic, replacii^ 3 at hydrogen, as seen in 
™ reaction just mentioned ; in other words the compound is formed on the type HMl*. 
Wurts has obtained two compounds (or perhaps only one) isomeric with it, by the nc- 
of bromine on bromotritylene, C*H*Br. and on the isomeric bofly bromide of allyl. 
c°ropounds are perhaps formed on the type their ntional formula being 

^ They both have a Sf^ific gravity of 2*392 at 23° C., and boil at about 

: bat thqr diflfer somewhat in odour and in their action on silver-salts, the 
iwmer being more energetic in both respects than the latter (Wnrtz). The action 
11 of bromallyl on ammonia is totally different firom that of tribromide of 

jByl, giving rise, not to dihromaUylamine, but to the compound 
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JkJMTLt CJnOMXl^M OTm Ckiorotrit^lene, is obtained like the bro* 

fuide, by the action of chloride ofpboapborua on alfyi-aJcohoI, or by treating chloride 
of tritylene, C^H^Gl* (liydroch/orate of ailyl-chlonde, C*II*CLHC1) with idcohoJic 
potaah. Tbo kat mentioned compound treated with excess of chlorine yields subati- 
tution-products similar to those obtained with the bromide. (See Tbittlenk,) 

jlX&YXi HV»»Xl>a OF, C*H'* «* C*nMI. — Tritylene or propylene, the third 
term in the series of hydrocarbons OH**, is perhaps the hydride of allyL 

jLlLXaYlk, XOSXDBS OF. The monoiodidc (iodotritylene) C’H*I, is obtained 
by distilling glycerin at a gentle heat with diniodide of phosphorus ; 

2OH«0» + 2PP « 2C»H»I + P*0» + 3HK> + 2L 


A quantity of tritylene-gas is given off, due to a secondary action, and a mixture of 
oxygcn-acitls of phosphorus with iodine and undccoraposed glycerin remains in the 
retort. Tri-iodide of phosphorus may also be used, but the action is less regular. 
The distillate is purified by rectification, the portion which passes over at 100° C. 
being collected apart (Berthelo t and I)e Luca). Iodide of aUyl is also produced by 
the action of iodine and phosphorus on allyl-alcohol. (Hofmann and Cahours.) 

When first prepared, it is colourless, and has an ethereal alliaceous odour ; but by 
the action of air and light, it becomes coloured and then gives off irritating vapours 
Specific gravity 1780 at 160° C. Boiling-point 101°. It is insoluble in water, but 
dissolves in alcohol and ether. By the action of zinc or mercury, and hydrochloric 
or dilute sulphuric acid, it is converted into tritylene (hydride of tdlyl) : 


and 


2C*IM + 
2C»U»I + 


4Hg + 21101 « 2Cm^ + 
2/u + 2IIC1 20*U« + 


IIg«Cl* + Hg’I*. 
ZnCi* + Znl*. 


Iodide of ally I is decomposed by silver-salts, iodide of silver being formed, and the 
ecmI radicle being transferred to the allyl, 

Diniodide of Allyl^ C*H*P. — Obtained by dissolving 6 or 7 pts. of iodine in 
1 pt. of allyl at a gentle heat. The mixture, which is liquid at first, solidifies after a few 
minutes ; and by trituniting the mass with aqueous potash, then digesting in boiling 
ether, and evaporating the ethereal solution, the diniodide of allyl is obtained in the 
crystalline It is decomposed by distillation, yielding iodine and a neutral 

liquid. It is scarcely attacked by aqueous potash ; but alcoholic potash decomposes 
it, producing a liquid winch smells like allyl. It is not acted upon by mercury and 
hyarochlonc acid. (Berth clot and D e t u c a.) 

Iodide of Mcrcnrallyl^ C is obtained by agitating iodide of allyl with 

metallic mercury. On crystallising the resulting yellow mass from a boiling mixture 
of alcohol and ether, nucrooiis scales are formed, which turn yellow when exposed to 
light, especially if moLst. They dissolve but sparingly in cold alcohol, and are nearly 
iiirioluble in boiling alcohol. Ileated to 100° C. they sublime in rhombic plates; at 
136° they melt, and solidify in a ciystalline mass on cooling. Wlien quickly heated, 
they decompose, yicUling a yellow sublimate and a carbonaceous residue. The alco- 
holic solution tmiti'd with oxide of silver, yields a strongly alkaline liquid, which 
wlien evaporated loaves a syriq^y muss, probably consisting of hydrate of mercurailyL 
(Zinin.) 

AXiXiYXiy OXXns OF. Afli/lic ether ^ (C*H*)*0, is produced by the action of iodide 
of allyl on allylate of |Kktassium: 

C»H*KO + C*I£»I « KI + (C*H*)*0; 
also by the action of oxide of silver or oxide of mercury on iodide of allyl : 

2C*iPi + Ag=o - 2Agi + 

A body having the same composition was obtained byWertheim (Aun. Cb. Phaml. 
li. 309 ; Iv. 297), by acting on oil of garlic, (C*H*)*S, with nitrate of silver, and dis- 
tilling the ciy'stalline product thereby produced; ^so by heating oil of mustard 
(sulphocyaiiata of allyl), with fixed alkalis, e, y, with soda-Ume. 

Oxide of allyl is a colourless liquid, lighter than water, and insoluble in water. 
It boils at 82° G. (Hofmann and Cahours); between 86° and 87° G. (Berthe- 
lo t and Be Luca). It forms with sulphuric acid a conjugated add yielding a 
aoluble barium-salt. Hitric add converts it into a nitro-commund heavier than 
water. With iodide of phosphorus, it yields iodide of allyl. Heated with butyne 
add it is decomposed, with formation of butyrate of allyL (B. and L.) 

Etkyl~allyt*eih€r, =■ C*H*.C*H*.0, is obtained by the action of iodide of 

ethyl on allylate of potassium, or of iodide of allyl on ethylate of potassiuni. It is a 
colourless aromatic, veiy voktile liquid, boiling at about 84° C. Similar compounds 
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are produced by treating iodide of allyl with methylate, amylate, and pbenylal^ itf 
potaaainm (Hofmann and Cahoura). Amyt-aliyi-etker boila at about V2if* Cl 
(Bertboilet and De Luca.) 

Oxide of Allyl and Glyceryl, or Triallylin, C*»H*0* — | O*. — Iodide 

of allyl distilled with potash and glycerin yields this compound in the form of a liquid, 
boiling at 232^ C., soluble in ether, and having a disagreeable odour. (Bert he lot 
and Pe Luca): 

+ 3C>H^I « 3HI + (C»1I»)'".(C*H‘)>0*. 

The formula is that of a triple molecule of water H*0*, in which 3 at. H are replaced 
by the triatomic radicle glyceryl, and the other three by 3 at. of the monatomio 
radicle allyl. 

iL&lbYXif oaCTOB2r«SA.ZiTa OVm Acetate, oxalate, sulphate, &e. (See the 
several acids.) 

BUUBZOB op- Oilof garlic, C*ir®S-(C»H*)=& [or Tliis 

conipouiid is produced by distilling iodide of allyl with protosulphide of potassium : 

2C*H»I + K«S 2KI + (CTI*)*S, 

and is contained in the essential oils produced by distilling with water the leaves 
and seeds of various plants of the liliaceous and cruciferous orders. It forms the 
principal constituent of the oil obtained fi-om the bulbs of garlic (Allium eativum^, 
fi-om which it was first obtained in the pure state by Wertheim in 1844 ; and it 
exists in smaller quantity in oil of onions (Allmm cepa). It occurs also, togetiier with 
10 per cent, of oil of mustard (sulphocyanate of allyl), in tlie herb and seeds of 
Thhispi arvtnse, passing over when these maittei’s arc* bniiscd with water and dis- 
tilled. The leaves of AlUaria officinalis distilled with water yield oil of garlic ; tho 
Rot‘d8 yield oil of mustanl (AV er^hoim). The bruised seoil di.stllled after maceration 
in water, yields a mixture of 10 per cent, oil of garlic, and 00 oil of mustard ; but the 
seed produced in sunny places yields only the latter. Tlie herb and scetls of 7'hlaspi 
arvmse yield a mixture of 90 per cent, oil of garlic, and 10 oil of mustard. The herb 
and seeds of Ib ris anutra likewise yield a mixture of tho two oils; and very small 
quantities of the same mixture arc obtained from tho seeds of Capaclla Bursa Pas- 
tf^ris, Ii<iph(nufs linpluinisiruni, and Sisyndjriiim Basturtium. (Pless, Ann. Ch* 
I'harm. Iviii 3G.) 

To obtain the whole of the mixed oils, the several parts of the plants, especially 
the seeds, must be macerated in water some time before distillation. For, in the 
seeds of TlUaspl arvmse, for example, the oils do not exist ready formed ; the seeds, 
in fact, emit no odour wlien bruised, and if before distillation with water, they are 
heated to 100° C. or treated with alcohol, no oil passes over ; and if tho seed bo ex- 
hausted with alcohol, and the filtrate evaporated, there remains a ciystalline residue 
mixed with mucus, which, when triturated with water and with the seed of Sinapis 
arvensis, yields, not oil of garlic, but oil of mustard. (Pleas, Ann. Ch. Pburm, 
Iviii, 36.) 

Preparation, - a. From Iodide of Allyl . — The iodide is cautiously dropped into a 
concentrated aicoliolic solution of sulphide of potassium, tho liquid then becoming 
very hot, and an abundant crystalline deposit of iodide of potassium being formed. 

As soon as the action ceases, the liquid is mixed with a slight excess of sulphide of 
potassium; water is then added, and the oil which rises to the surface is rectified. 

h. From Garlic . — The crude oil is oVjtained by distilling bruised garlic-bullis with 
water in a large still. The oil passes over with the first portions of water, the pro- 
duct amounting to 3 or 4 oz. from 100 pounds of the bulbs. The milky water which 
PAfnes over at the same time, contains a large quantity of oil in solution, and serves 
therefore for eohobation. The crude oil is heavier than water, of dark brownish- 
yellow colour, and has a most intense odour of garlic. It decomposes at 140° C. ; 
that is to say, somewhat below its filing-point, which is 160°, fcoiiiing suddenly 
heated, assuming a darker colour, and giving off intolerably stinking vapours, 
without yielding a trace of garlic oil ; the residue is a black-brown glutinous mass. 
(Wertheim.) 

Preparation of the rectiJUd oil. — The crude oil is distilled in a salt-bath (in the 
water-bath the distillation is slower) as long os anything passes over. One-third 
the crude oil remains behind as a thick d^k-brown re.sidue. The rectified oil is 
%hter than water, and of a pale yellow colour, or after two distillations, oolonilosa, 
snd smeUs like the crude oil, though less ofiensive. Does not evolve a tra^ ot 
of ammonia when treated with hydrate CKf potash. It covers potsfwium with a M 
o^ttred film of sulphide of potassium, depositing an organic substucv% and 
at a oBuJl quantity of a gas which bunis with a pale blue fiame. With ftuning nitna 
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ttcid, oil of vitriol, hvdrophloric acid gas, dilute acids and alkalis, corrosive sublimate^, 
nitrate of silver, bichloride of platinum and nitrate of palladium, it behaves like pure 
sulphide of allyl* Even after being several times rectified and dned with chloride of 
calcium, it exhibits a variable composition and a certain amount of oxygen, and 
must therefore contain, besides sulphide of allyl, an oxygen compound, probably 
oxide of aUyl, the presence of which is indeed imlicated by the reaction with potassium. 
(Wertheim.) 

Freparation of pure Oil of Garlic or Sulphide of Mlyl , — ^The rectified oil is f^in 
rectified several t^es ; dehydrated over chloride of calcium ; decanted ; a few pieces 
of potassium introduced into it ; and as soon as the evolution of gas thereby produced 
has ceased, the oil is quickly distilled off from the residue. The rectified oil appears 
to contain oxide as well as sulphide of allyl, together with excess of sulphur, these 
impurities either pre-existing in the crude oil, or being formed from sulphide of allyl 
by the action of atmospheric oxygtm, that portion of the sulphide which takes up the 
oxygen, giving up ita sulphur to the rest. If the potassium be not suffer^ to 
complete its action before the liquid in distilled, it merely removes the excess of 
sulphur,, but does not decompose the oxide of allyl, and a distillate is obtained, con- 
taining from 65T7 to 61'76 i:)er cent. C, and 9*22 to 9T6 H. (Wertheim.) 

Properties . — Colourless oil, of great refracting power, and lighter than water. 
Boils at 140° C. May be distilled without decomposition. Smells like the crude oil 
but less disagreeably. It dissolves sparingly in water, readily in alcohol and ether. 




Calculation. Wertheim. 

72 . . 63*16 . . 63*22 

10 . . 8-77 . . 8*86 

32 . . 28*07 . . 27*23 

114 100*00 99*31 


pecomposiUons, — 1. Sulphide of allyl dissolves with violent action \n fuming nitric 
acid ; the solution wlien minted with water, deposits yellowish- white flakes, and is 
found to contain oxalic and sulphuric acids; according to Hlasiwetz (J pr. Chem, 
li. 365) oil of garlic treated with nitric acid, yields formic iind oxalic acids. — 2. With 
cold oil of vitrioly it forms a purple solution, from winch it is separated by water, 
apparently without alteration. — 3. It absorbs hydrochloric acid qas in large quan- 
tities; the deep indigo-colourcd mixture becomes gradually dccoiorised on exposure 
to the air, and immediately if gently heated or diluted with water. — 4. 'From nitrate 
of silver y it throws down a large quantity of sulphide of silver, whilst nitrate of silver 
and allyl remains in solution (Wertheim), It is not altered by dilute acids or 
alkalis, or by potassium. 

Combinations . — Sulpliide of allyl docs not precipitate the aqueous or alcoholic solu- 
tions of ai'etuto of nitrate Of lead, or acetate of copper; neither does it precipitate the 
solution of arsenious or arsenic acid in aqueous sulphide of ammonium. 

With solutions of gohi^ mercurify palladiumy platinumy and silvery it forms precipi- 
tates, consisting of a double sulphide of allyl and the metal, either alone or associated 
with a double chloride. 

Go/d^precipitaCr . — Sulphide of allyl forms with aqueous trichloride of gold, a beauti- 
ful yellow precipitate, which resembles the platinum-precipitate, but soon cakes together 
in resinous masses, and becomes covered with films of gold. 

Mercury-precipitate . — Alcoholic solutions of oil of garlic and corrosive sublimato 
form a copious white precipitate, which when left to stand for some time, and espe- 
cially if diluted with water, increases to a still greater quantity. It is a mixture of 
the compounds a and 5, which may be separated by continued boiling with strong 
alcohol, only the compound a being soluble therein. (Wertheim.) 

a. The alcoholic filtrate, when left to itself or eva^xjrated with water, and after 
washing and drying, yicULs a white powder, agreeing in composition with the formuli^, 
(CJ»H*)‘S.2Hg''S + 2(0«H»Cl.Hg''Cl«),or2(0»H»)*S.Hg"S.3Hg"Cl*(anBl. 10*91 C, 1*61 H, 
63*67 Hg, and 16*41 Cl calc. 11 32 C, 1-57 H, 62 87 Hg, and 16*70 Cl). It blackens 
superficially on exposure to the sun ; when heated, it gives off vapours smelling like 
onions, and yields a sublimate of calomel and mercury. When immersed in moderately 
s^ng potash-ley, it aixjuires a light yellow colour from separation of oxide of mercury ; 
if this oxide be then removed by dilute nitric acid, there remains a white substance^ 
probably (C*H*)*S.2IIg”S. When distilled with sulphocyanate of potassium, it 
yields oil of mustard, together with other products. It is insoluble in water, and din- 
■elves but sparingly in alcohol and ether. (Wertheim.) 

A The penrtion of the mercury-precipitate insoluble in hot alcohol contains the aams 
constitttents, and has the carbon and hydrogen likewise in the ratio 6 : 5 at., but is 
much richer in mercury. (Wertheim.) 
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Mladhm^)prect^iat €, — ^When rectified oil of giirlic is gr^ually added ^ a ebliilion 
of nitrate of pall^uin, kept in excess, a brown precipitate is formed^' appeaxa 

to contain 2C*H*^.3PdS. — Chloride of palladiam forms with oil of gjariio a velloir 
precipitate, prohat>l3r eonsisting of the preoedinc^ compomod mixed ol 

palladium. > 

Platinum-precipitate. — Oil of garHc forms a yellow preci^tate with dichloride of 
platinum. This precipitate is obtained of a finer yeHow colour bv^^ie use of alcoholic 
solutions ; but when strong alcohol is used, its formation is padual^ beebminj^ instanta* 
neous however on addition of water. If the water bemadded too quickly and in too great 
quantity, the precipitate is yellowish-brown, resinous, ai>d difficult to purify ; the addi- 
tion of water must therefore be stopped as soon as a strong turbidity appears ; in that 
case, if oil of garlic is not in excess, a copious flocculent precipitate is sure to be ob- 
tained, resembling cliloro-platinate of ammonium. Tlie precipitate is washed mi thafilter, 
first with alcohol then with water, and dried at 100^ C. — When heated considerably 
above 100^, it changes colour, and leaves sulphide of platinum in so j^ious a condition 
that it taikes fire at a higher temperatiw, and continues to glow till it is reduced to pure 
platinum. Fuming nitric acid decomposes and dissolves the precipitate completely, 
forming dichloride of platinum and platinic sulphate. When immorsea ih hydrosulpha ta 
of ammonium, it is gradually converted into the kermes-brown compound next to' be 
described. Aqueous potash and sulphuretted hydrogen have no action upon it. The 
precipitate is nearly insoluble in water, and dissolves but sparingly ia aloohol aiid ether. 
It gives by analysis 17*85 per cent. C, 2*87 H, 48-53 Pt, 18*29 S, and 13-22 Cl, 
whence Wortheim deduces tho s<iincvviiiiL ' itiipi-obabio formula, 8(C*H’*S.PtS* + 
2r='IPCl.PtCP, which requires 17-77 C, 2 47 H, 48 88 Pt, 17-77 S, and 13*11 Cl. 

KtntieS'bromyi compound, (C*H*)*S.PtS*. — Formed, together with dissolved sal- 
amtnoniac, when the platinum-precipitate just described is left in contact and shaken 
up with hydrosulpliate of ammonium. Tho brown comp<mnd heated te 100® C. emits an 
alliaceous odour, and gives off ‘k'SH per cent, of sulphide of allyl. The darker substance, 
containing excess of platinum which remains, continues unaltered till it is heated to 
140® C., but between 150® and 160® gives off 6'17 per cent, more, therefore in all 9*65 
per cent, of sulphide of allyl, leaving a still darker compound of 2(C"H*)*S with 3PtS*. 
Tho kermes-brown compound is insoluble in water, alcohol, and ether. (Wertheim.) 

t^ilvir-prtx’ipitate , — When a solution of nitrate of silver in aqueous ammonia is 
mixed with excess of sulphide of allyl, one portion of the compound resolves itself 
into oxide of allyl, which rises to the surface as an oil, and nitrate of timmonium ; but 
there is also Ibrmed at the beginning a white or pale yellow precipitate, which perhaps 
consists of (C*H*)*S + j^Ag'S. For if it be immediately washed with alcohol, and 
dried between paper, it is resolved by distillation into sluijhido of allyl and a residue 
of sulphide of silver. But if it remains half an hour immersed in the liquid, it 
assumes a continually darker brown colour, ahd is finally converted into black sulphide 
of silver. (Wertheim,) 

AZiXiTXi and B'roKOOBM', SUXVBZBB Ol*. Allf/l-mercaptan, C*H*S 
C'*IJM1.S. — Produced by distilling iodide of allyl with sulpliide of hydrogen and 
I^^lassiuin : 

C»H»I + KHS - KI + C*IP.n.S. 

It is a volatile oily liquid, having an odour like that of oil of garlic, but moreethereaL 
It 1 toils at 90 ®C. It is powerfiuly attacked by nitric acid, assuming a red colour, and 
yielding an acid analogous to ethyl -sulphurous acid. It actswith^^at energy on 
mercuric oxide, forming a compound C*H*HgS, which dissolves in boiling aloohob and 
sepHrutes from the solution in pearly scalea resembling mercaptide of mcrcuiy. (Hoff- 
mann and Cahoura.) 

AXl&TXi, SVXiPBOCrrAirATB or. C«H*NS - CNS.C»H*. ~ P^otatiU cU of 
Mustard. (See Sui.pHocTiuno Etubrs.) 

AUYMvusocAssAmctorsraraoszwAric Ao». g«ipks>- 
^ I H -C*H .H ^ ^ known in the separate state, but its aolubl* 

Mlts, vi^ thoM eontalninff the metals of the alkalis and alkaline earths, are obtained 
hy treating oil of mustard with the hydrosulphates of those metals: e. g. 

C*H*NS + KHS « CTPKNS*. 

It may be regarded either as eompoeed accxirding to the preceding formula, that is to 
»ay, as hydromphate of smmcmiiini, NH*.H.S, having 1 at. H in the ammonittm-mole* 
ciife replaced Igr allyl and two more by fJhe diatomm radicle CS, or as a eooipOM4|« 
suiphc^aaide of ally! with sulpbide of hydrogen. Tho mode of fiwmarioii Ittiifil 
a;r^jr to the latter view* (See Sm^PHowitaric Acii>.) 

' OL. L L 
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JLUT-SVXPHOOAUOWXO* or Al&YK-aKAirTBXO AC£D. Buifkli§ 
</ AUyl, Carbcnj^, and Bydrogm, C‘H'S'0 - aUyl.alcohol U 

tieated with potaih and dieulphide of carbon, a «alt is formed, which oryataDisee in 
yellow nee^es like xanthate of potassium, (Hofmann and Cahours.; 

AX&n-SirXiFBTOZC ACXXI* C^KK.SO\—&ulphaU of Allyl and Hydrogen, 
(See SvLPUVBic Ethsbs.) 

Ai;T.w iumagAn (See Oabbauide.) 

ASXnUkXdXSdtL C^'irN » N.H*.(C*1P), is obtHined by the action of ammonia 
on iodide of allyl, or by boiling cyanate of allyl with sti'ong aqueous potash 

CNO.C’H* + 2KHO » CO>K* + N.H®(C»H*). 

If the alkaline distillate be condensed in hydrochloric acid, a saline mass is obtained, 
which when distilled with potash, yields, among other products, a basic oil haring the 
composition of allyluraine. The platinum-salt, C»H’N.HCl.PtCl* separated from 
solution 4>y slow evaporation forms magnificent crystals. 

Diatxylaminb, C«1I'*N « KH.(C*H‘)* is formed, together with other products, hg 
the action of iodide of allyl on allylaminc. 

Hibromalltlaminb, C*H*Br=^ •= N.H, (OTTO p)*.— P roduced by the action of am- 
monia on tribromide of allyl (p. 141'). 

2C*H'‘Br* + omi* =: C-H'Br-N + 4NH<Br. 

.1 vol. tribromido of allyl is mixed with about 6 vol. of a solution of ammonia in we$llc 
alcohol, and heated to 100^ C, in scaled tubes tor 1(J or 12 hours ; the liqmd is thea 
filtered from the separated bromide of ammonium, and the filtrate mixed with a large 
quantity of water, whereupon it becomes turbid, and deposita dibromallylamine in the 
form of a heavy oil, which may bo purified by dissolving it in hydrochloric acid, eva- 
porating to dryness at 100^ C., rcdissolving in water, filtering to separate a small 
quantity of oil, again evaporating, and treating the residue with other, in which the 
hydrochlorate is nearly insoluble. From tlie salt thus purified, the base is separated 
by distillation with potash. It is alkulitio to test-paper, and forms a cloud with 
hydrochloric acid : it is however but a weak base, incapable of decomposing tho salts 
of copper or silver. It cannot be distilled without alteration. It is but sparingly 
soluble in water, but dissolves readily in alcohol and in acids. It has a peculiar sweet 
and aromatic taste. It does not show much tenilency to form crysfallisable salts. 
The iulphatti forms a gummy mass. — ^The hydrochlorato is a yellowish salt easiW 
soluble m water and alcohol, spiirlngly in ether. It tastes like* tho base itself. It 
assumes a darker colour at 100^ C. and sublimes partially at 160^.^ On adding nitrate 
of silver to the aqueous solution, the whole of the chlorine is precipitated as chloride of 
silver, but the bromine remains in solution. The chloroplatinaU^ 2(C'‘H*Bi:*N’.HCl).PtCl* 
is an oran^-colourod precipitate nearly insoluble in absolute alcohol. Alcoholic solu- 
tions of dibromallyiamiue and chloride of mercury form, when mixed, a copious whit# 
precipitate. (Maxwell Simpson, Phil. Mag. [4] xvi. 257.) 

Etnyldihrornallyicinine^ C*H"'*Br*N ■» N.C*H*.(C*H^Br)*. — Obtained by enclosing 
dibromallylamine with a large excess of iodide of etM in a sealed tube, and heating 
the mixture to lOU^ C. for a considerable time. The excess of iodide of ethyl is 
then distilled off, and the remaining bydriodate of ethylbibromallylamine is dissolved 
in water and distilled with potash. It has a very bitter and pungent taste, smells 
like nutmeg, is insoluble in water, soluble in acids, and alkaline to test-paper. It is 
a stronger base tlian dibromallylamine^ and precipitates oxide of copper from cupiie 
gilts. (Simpson.) 

TBXAXXYiAMmn, N.(CH*)*, is formed by the destructive distillation of 

hydrate of tetrallylium. « 

XanuixTLiUM, «- N(C?BP)*. — ^The iodide of this base is the chief product 

ei the action of ammonia on iodide of aUyL The action takes place without the aid 
of heah a hurge quantity of the iodide di8solvin|^ after a few days' contact; the solution 
aitsrwazda deposits splendid crystals of the iodide, and sometimes beonaes a solid 
mass. The separation of the ciystais may be accelerated by adding a strong eolation 
of potash, in which the iodide is winpletely insoluble. The iodide is purified by ex- 
posing it to the mrtiH the potash is converM into carbonate, and tben recfystaluriag 
alcohol. Treated with oxide of silver, it yields the hydrated oxid^ 
tetnilMun, and the solution of this oxide mixed with hydrocblorie peid and bi» 
jfillociaodf pUtlnn^^ fonns a yellow salt oontaitung K(G*H*)*GtjE^*. 

gWraijffa r s eiriS inii, As(C*H*)*4 — When iodide of allyl is digested villi anenids s# 
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potaatinm* seveitt] liquid compounds aio formed, hsvinff a Texy odour, and at tho 
same time a solid crratalline body separates, which u £e io^de of t6tEaUyl.4LrBcmiuiti^ 
(Hofmann and Cahours.) 

ASAYlBWanm C*H^ — diatomic radicle which bears to allyl the same relation 
that ethylene bears to ethjl C*H*. Bespecting its properties in the ftee state and 
Che mode of separating it, see Addwcda (p. 1112). 

Chloride of Ally I ene^ C*H*.C1*. Acroleincklorid . — Obtained by the action of per- 
chlofide of phosphorus on acrolein (p, 56). To prevent the action from becoming too 
violent, the retort should be externally cooled, the uerchloride of phosphorus covered 
with a layer of oxychloride, and the acrolein added by small portions at a time. The 
proiv>rtions are 1 pt. acrolein to 3 pts, of the percliloride. The crude distillate is shaken 
up with water to remove oxychloride of phosphorus, and further purified by digestion 
with chloride of calcium and rectification, the cliloride of acrolein jatssing over at 
about 90® 0. It is a colourless oil, having a sweetish ethereal taste, and an odour like 
that of chloroform. Specific gravity 1*170 at 27*5 C. Boiling-point ^cori*ccted)84r*4® 0, — 
Another oily liquid, apparently isomeric with chloride of iUlyleue, is likewise formed 
by the action of perchloride of phosphorus on acrolein. 

"Chloride of ullylene is slowly oxidised by nitric acid. Heated M*ith aqueous nitrate 
of silver, it precipitates chloride of silver. Chlorine convei*t« it into a ciy*stalline com- 
pound, probably sesquichloride of carbon. Stidium has no action U|>oii it. Heated 
with ethylate of sodium, it appears to yield a compound corresj>oniting to acetal 
(p. 3). Heated in a sealed tulr>e with alcoholic |x>tash, it api>eurM to yield the 
same compoiinA together with chloride if acryl, C*H*C1. Heated in a sealed tube with 
ammonia* it yields sal-ammoniac and acrolein-uniinonia (p. 56). (Hubner and 
Geuther, Abu. Ch. Pharm. cxiv. 36.) 

Acetate of Ally lene^ C*1V*^0* O*. Acetate of Aorolein»’~^r(Ar^!Ctd^ 

1. By heating in sealed tubes a mixture of 1 at. acrolein (C*IP0), and 1 at. acetia 
anhydride (C^IPO*.) — 2, By heating 1 at. chloride of allylene with 2 at. acetate of 
silver in a sealed ^be, first in the water-bath for stweral hours, then to 160® O, ia 
an (ubbatli, rectifying the product, and collecting apart that which passes over between 
135® and 160® : CJ^lPCl* + (C*H*0)*.Ag»,0* - (<J*H*0)*.C»H*.0* + 2AgCL It m % 
colourless liquid, having a strong fiahy odour, and veiy sharp taste. Specific gravify 
P076 at 22^ C.; boils at about 180°. It slowly reduces an aromoniacal solution of 
nitrate of silver. Heated with caustic-potash, it yields acrolein and acetate of 
potassium. It may he regarded as a compound of 1 at. acrolein with 1 at. acetie 
anhydride, C*H*0.C^H?0*. (Hubner and Geuther.) 

AUKAC^XSKXTJB. Native anhydrous sulphate of zinc. (See Sulpuatbs.) 
AAMAlTDXva, (See Gabnbt.) 

A.IMOVXIS, on OX*» — Both sweet and bitter almonds yield by pressure a fixeil 
oil. having a light yellow colour, an agr^able taste, but no odour. Specific gravity 0*918 
St 15®. It consists chiefly of olein, with but little solid fats, and consrauently requires 
« very low temperature ( — 25® C.) to solidify it. It easily turns rancid. It dissolves 
in 25 pts. of cold alcohol, in 6 pts. of boiling alcohol, and mixes in all proportions with 
ether. 

Bitter almonds macerated with cold water and distilled, yield also a volatile oil, of 
fi*agrant odour, which is the hydride of Utvsoyl (CTIPO.H), This oil docs not exist 
riady formed in the almonds, but is produced bpr the action of an azotlsed bodyi 
on the amygdalin contained in the fruit. Sweet almonds do not contain 
emulstu, and therefore do not yidd the volatile oiL (See Bsuzovn, Himiapa ov.) 

A&OSWBTXO AOXO. (See Aaobvig Acid.) 

The thickened juice of various species of aloe, a genus of plsats b^ng^ 
l^ng to the lilisoeous order. It is chiefly extracted from the Aloe sooootrmM in Arabia; 
from Aloe ej^eaUi and A. Unyttiformis at the Cape of Good H<»e ; and from M pulgeirio 
or nnuata in Barbadoes and Jamaica. The beat aorta of aloes are p repared by i«- 
p<MU^ to the sun the juice which exudes mntaneonsly from indiioiia in the leaves ; 
Wer^ kinds are obtained by pressing the temroe, AImsi oeenra in oommense in hnge . 
masses, having a shutng eoochddal fracture ; in thin plataa it ia fad end 
it ia easily rednoed to m yellow powder. It hae an odour that m 

and a veiy pamtesxt hitter taste. It diesolTee eompletely in 
befling wster. It pa s assaessotiTep nt g a t i Te properties^ due to ^ eiystdlisable friirid|fi. 
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ahin, idiidi is contained ^ it» and may Ve extracted in a state of purity fiom Baiv 
badoea aloes* 

^AMSTXO ACn». C»H<N*0«? Pol^chrantic Aeid. Aripici<d Bitter of Aloea.-^^ 
Produced the action of nitric acid upon aloes, chrysammic acid being formed at 
the same time (Schunck, Ann, Ch. Pharai. xxxix. 24; Ixv. 235; Q. J, Mulder, 
J. pr. Ghem. xlTiii. 39). 1 part of aloes is gently heated with 8 pts. of moderately 

strong nitric acid till gas begins to escape ; the vessel is then removed from the fire, 
and as soon as the disengagement of gas ceases, the solution is concentrated by eva- 
poration, till a yellow powder separates, the quantity of which may be increased by 
addition of water. aloetic acid is separated from the chiysammic acid In this 

powder by treatment with boiling alcohol, which dissolves the aloetic acid; and on 
evaporating the solution, the acid is obtained in tho form of an orange-yellow powder 
having a bitter taste. It is but slightly soluble in water, but dissolves more freely in 
boiling water, forming a solution of a splendid pu^le colour, which is changed to 
yellow by nitric acid, but restored by alkalies. It is dissolved by ammonia, potash, 
and soda, forming purple solutions. Strong nitric acid converts it into chrysammic 
acid. It is monobasic. The 5flriwm-salt, U*<II**Ba"N^O**, is a brown-red n^rly in- 
soluble powder, obtained by precipitating the aqueous acid with acetate of barium* 
Tho potass ium-Btdl separates by slow evaporation in crystals of a fine ruby colour. 
According t6 Schunck, tho formula of aloetic acid is ; according to 

Mulder According to the formula above g^iven, it is isomeric with 

din itrobenzoic acid. 

Tile alcoholic mother-liquor obtained in the preparation above described contains 
another acid called a«V£, C’H*»ON''? which, according to Mulder, iq the first 

product of tlie action of nitric acid on aloes. It is separated by neutralising with 
chalk, mixing the filtrate with acetate of lead, decomposing the lead-precipitate with 
hydrosulphuric acid, and evaporating. It is a brown amorphous moss, vdiich when 
polled with nitric acid is converted first into aloetic, then into chrysammic acid- 
(Mulder.) 

Tlio name aloeretic acid is also applied by Schunck to an acid produced by the action 
of alkalis on chrysammic acid, and called by Mulder chrymtric acid (which see). 

AXiOZXr* — A crystalline bitter principle obtained firom aloes : also 

^Ikd Bitter of aloes ; discovered by T. and H. Smith (Chem. Gaz. 1861, p. 107). It 
is prepared by mixing Barbadoes aloes with sand, to prevent agglomeration, treating 
it several times with cold water, and evaporating the aqueous extract in vacuo to Uie 
consistence of a syrup. It then separates in small crystals. The solution must not be 
heated to the boiling-point, since alo'in undergoes alteration at 100° C. 

According to Dr. S ten house (Phil. Mag. [3] xxxvii. 481), the Cape and Socotrin 
aloes contain laigo quantities of foreign matters which prevent the crystallisation of 
the alom ; he has succeeded in isolating the alom, only by operating on the Barbadoes 
aloes. 

Pure uloin separates from on alcoholic solution, in the form of small prismatic 
needles, grouped in stars, of a pale yellow colour. Its taste is at first sweet, then 
extremely bitter. It is much more pm^tive than aloes itself. In the cold, it is but 
slightly soluble in water and alcohol, but dissolves better when hot ; the solutions 
are yeUow and neutral to test-paper. Dried at 100°C. it contains C'H^O'. 

The fustic and carbonated alkalis dissolve aJoin with a bright yellow colour. 

By digestion with concentrated nitric acid, aloin is transformed into chiysammie 
acid. Chlorine passed into an aqueous solution of aloin, produces a bright yellow 
prroipitate, chloralotl, containing, according to Bobiquet^ C'*Ci(P. SoluUon bf 
eklorido of lime colours alo'in bright yellow, this tint passing rapidly to brown. 

^ Bromine added in excess to a cola aqueous solution of moin produces a yellow pre- 
mpite^ of 5rpma/otn, C"H'*Br*0^? which dissolves in boiling alcohol, and separates 
m s hi ning yellow needles, grouped in stars, and much larger than the crystals of aloin« 
It IB lass soluble in cold water and alcohol thim alo'in : the solutions are neutral* 


^0* ? An oily liquid obtained in very small quantity by distil- 
iteg alo^ weight of quick lime. It is colourless, has a shatp penetrating 

owu^ u inwluble in water, but mixes iu all proportions with alcohol and etlier, 

gra^ 0*877. Boilu^point 130°C, By contact with the air, or by the action. ' 
of stsoag mtns on cnlorme water, it is converted into a brown-r^ liquid heavier 
thsn water, and haying a vot decided odour of castorenm. Treated with oxide of 
QCMSr or chromic acid, it yields carbonic add. water, and hydride of benaOTL iBO- 
biquet, J. Kiarm. [3] x. 16? and 241.) J ^ v"* 

- AAOtrOHIy or AAMO AX 'MBgl l i r u imported ttom kfufiagascar, where it ; 



obtained!, according to Vahnont de ^ma^, fW>m a ti«e eaUed Acoondiag le 

otiiaia, from Wtnfera aroimUica, It is friable, whitish on the outside, black wi&^ 
has a marbled a]Q>earance, and a stronglj aromatic, peppery, bitter tMte. AccorcUngH 
Bon astro (JT. ^harm. x. 1), it contains 63*12 p. c. of resin easily soluble in om 
alcohol, 20*45 of resin sparingly soluble in cold ^cohol, 1*68 essential oih^ togelllp 
with small quantities of free acid and ammonia-salt, besides earthy impurities. The 
eparingly soluble resin appears to be of peculiar nature. 

A&PB8iva« SYr&PHZHB (See Sulfhoctanids or Ammonium.) 

A&STOBZTS* a mineral haring the same composition as barytoe4dcU$t 
CO*Ba.CO*CH, but crystallising in macled double six-sided pyramids, of the trimetrie 
system, whereas baryto-calcite forms monoclinic prisms : hence carl^nate of barium 
and ciilcium is dimorphous. Alston ite is found on Alston Moor in Cumberland. 

BXiTAZTB. (See Tbixuridb of Lead.) 

AXiTBlUJI'* Syn. of Asparagin. 

AATBlOUrZC BOZB. C^H^SO*. — This acid, isomeric with ethylsulphuric or 
sulphorinic acid, is produced, according to Regnault (Ann. Ch. Phys. [2] btr. 98),* 
when alcohol is heated with excess of strong sulphuric acid till olefiant gas begins to 
be eTolved (between 160° and 180° C.) When equal parts of sulphuric acid and ricohol 
are used, nothing but sulphorinic acid is formed, and even in the residues of the ether- 
preparation on the la^e scale, the latter is the only acid found. 

To prepare the barium-salt of ulthionic acid, the residue obtained in the prepamtion 
of olefiant gas from 6 pts. sulphuric acid and 1 pt. alcohol, is saturated with milk of 
lime ; the filtrate, after evaporation, is treated with oxalic acid to precipitate the lime ; 
the liquid again filtered and saturated with baryta-water ; the excess of baryta preci- 
pitated by ciirbonic acid ; and the filtrate evaporated, first by heat, and finally in vacuo, 
crystallisation then taking place as soon as the liquid acquires a syrupy consistence. 
The salt when purified by reciystallisation, forms spherules composed of small needles 
permanent in the air, and giving oflF 8*69 p. c. (1 at.) of water in vacuo. The formula 
of the crystallised salt is C*H*BaSO^ + H'-'O. It is more soluble in water than the 
sulphovinate of barium, and dissolves also in ricohol especially when hot. 

From the aqueous solution of the barium-salt, the free acid (the bydro^n-salt) may 
be obtained by precipitating the baryta with sulphuric acid, and from this the other 
salts may be prepared by direct combination. The co/rium-salt evaporaM at the 
gentlest possible heat, solidifies completely in a mass, without crystallising. The 
forms pale green, very thin rhombohedrons, having an acute angle of 60°, 
(Regnault.) 

Magnus (Pogg. Ann. xlrii. 623) was not able to find althionic acid in the residuee 
of the preparation of olefiant gas, but only ethionic, isethionic, and sometimes also 
sulphoTiinic acid, 

iuzmxu. Fear-shaped earthem vessels used by the older chemists for 
liming. They are open at each end and fit' into _ > 

one another m the manner shown in Ji^. 7. At '• 

the quicksilver works at Almaden in Spain, vessels 
of this shape are used to condense the mercurial 
vapours issuing from the retorts. For this pur- 
pose they are laid in the form of a chain on a slif^tly intoned surfree called tht^ 
aludel^batk, (See Mebcubt.) 

Axzrac, (See Sulphates.) 

BXiVlCXV AVas* Gompoands of alumina writh the stronger bases. 

•^VMZVZn. A basic suljphate of aluminium, A1*0».S0* + 9HO, Ibund naH?a 
, at Aew Haven in America. It is a white, mwque, earthy mass, of mriAc gravity 
1*706, soluble in hydrochloric aciA Gives off its acid at a red heat, (stromejer.) 

AXtVMtzvzOML. aynM^ A1 ; Atomic weight, 27*4. — This metal oeetiia in m 
pmt variety of forms, vis. as osdde (ahimina) anhydrous, and hyc^wted, aomatuiiea 
alou^ but more generally associated witli tbe oxides othsir metals, iron ainc, 
glucinum, msspiesiuni, dec. ; — ss sulfate sod pho^bate; as silieate^ which is the chidT 
constituent of all olays, and in oombination wiA other mUeatee, fbnns a vast number 
Cl mmeimle, emeially the felepsrs ; also ss mellitite, or honeystone, as finoride of 
altDDiniw and sodium in ciyofite ; and In very amall quantities in plants. ^ ^ ' 

Alumina was first shown to Im a distinct ourth hy Ksrggraff in 1764» JBnpg 
iverioiwl j eonfiumded witii ^ Oersledt, in 1826 , showed hirr ta 
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thi» fliloride of aluminiiim by passing chlorine over a red*hot mixture of alumi^. 
and charcoal ; and W Shier, in 1828 (Pogg. Ann. xi. 136) succeeded in ^minatii^ 
metal by igniting the chloride with potassivun. It was thus obtained in the fonn 
%f a grey powder intermixed with tin-white globules arising from partial fusion. It 
hai lately been obtained in the compact form, and in much larger quantity, by 
H. Sainte-Claire Deville and others. 

Prejiaration , — The mode of preparation now adopted is the same in principle as 
that of Wohler, depen^iig on the action of sodium at a red heat on the chloride or 
fluoride of aluminium, or better, on tlie double chloride or double fluoride of alumi- 
nium and sodium. .Sodium is used to effect the reduction in preference to potassium, 
partly because it acts more regularly and with less violence, and partly because it !• 
more easily prepared, and, having a lower atomic weight, than potassium, a smaller 
quantity of it suffices foi’ a given amount of chemical work. 

The process first adopt'd by Deville consisted in passing the vapour of chloride of . 
aluminium over sod in in contained in a tube of iron or copper which was kept at a 
dull red heat. Metallic .Hliimiiiium was thus obtained, mixed with chloride of alumi- 
nium and sodium. The latter was removed by washing with water, and the metallic 
globules which remained were made to unite by heating them till they began to melt, 
and pTessing them together with a pipe-stem. The mass thus obtained was then 
remelted and oast into bars. Another method which promised to yield good results, but 
has not yet been perfected, was to reduce the chloride of aluitiinium by vapour of 
sodium. Tlie mixture of carbonic oxide and sodium- vapour produced by heating a 
mixture of charcoal unci carbonate of sodium (see Soijium) was conveyed into a laige 
earthen crucible by means of an iron tube passing through a hole near the bottom and 
reaching nearly to the other side; and as tlie scMiium and carbonic oxide bnmed and 
thereby heated the crucible, portions of cbloride of aluminium wore thrown in from 
time to time. Tlie crucible when cold was broken, and the aluminium separated 
from the saline mass in the manner above described 

The quantity of compact aluminium obtained by these methods was however con- 
siderably below the theoretical amount, a laige portion of the metal being reduced in 
the form of a fine powder which re-fused to unite into globules. This inconvenience 
may be obviated and much better results obtained by the use of fluor spar or ciyolite 
as a flux. These fluorides assist the union of the particles, apparently by dissolving 
small quantities of alumina — produced by moisture adhering to the chloride, — which 
eorround the particles of metal at the moment of reduction, and, not being decom- 

r ed by the sodium, prevent them from uniting into globules. The reduction may 
performed in crucibles, or better, in a reverberatory fhrnace. 

a. 400 parts of chloride of aluminium and sodium, 200 pts. of chloride of sodium, 
200 pts. of fluor spar or cryolite — the latter being preferable — all perfectly dry and 
finely pulverised, are placed together, with 75 or 80 pts. of sodium, in alternate layers, 
in an earthen or iron crucible, which is moderately heated till the action begins, 
and afterwards to redness, the melted mass being stirred with . an iron rod and after- 
wards ix)urod out. If the process goes on well, 20 pts. of aluminium are thus 
obtained in a compact mass, and about 5 pts. more in globules encrusted in a hard 
mass. 

The oluminium thus obtained is, however, somewhat contaminated with silicon, 
derived from the earthy matter of the crucible, which is attacked by the sodium, by 
the aluminium itself, and by the fluorides in the slag. This evil may be corrected to 
a certain extent, but not completely, by lining the crucible with a paste composed of 
^Icined alumina, or aluminate of calcium. If iron crucibles are used, the aluminum 
is found to contain iron. 

5. The reduction is performed with greater facility, and on a much laiger scales 
by heating the mixture on the hearth of a reverberatory furnace. 

The proportions used are : 

Chloride of aluminium and sodium . . * .10 parts. * 

Fluor spar or cryolite . . , , . 5 ,, 

Sodium 2 

The double chloride and the cryolite or fluor spar are mixed in the state of powder 
with sodium in small ingots, and the whole is thrown on the hearth of the fiimace pre- 
viously rais^ to the requi^ temperature. The dampers are then closed to prevent 
luicess of air. ^ A vivid action soon takes place, accompanied by evolution m heat, 
sufficient to raise the walls of the furnace and the mixture itself to bright redness T 
and the mixture is almost completely liquefied. When the reduction is complete, the 
Ibsed mass is run out timugh an aperture at the back, the slag escaping firsts sad 
then the aluminium flowing out in a single jet, and collecting in one mass below the 
. liquid slag. With a furnace having a hearth about 16 square feet in sucflie^ nfaoal 
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16 lbs. of ahuuinium may be obtained at one operation. The idtf eonaiiita of two 
layeie, the upper containing a laim quantity of common salt, while the lower, which ie 
pasty and less fhsible, consists chiefly of fluoride of aluminium. On pulYeriaing thia v 
fatter and passing it through a siere, an additional quantity of aluminium is ohni^ildi 
in globules. The fluoride of aluminium maybe used for the preparation of alumina." 

This process (which has been patented by MM.Bou88eau, and Hi. Paul Moriiii 

both in France and in this country, 1866, No. 1810) is peculiarly advantageous itt 
this respect, that the reduced metal is vetylittld exposed to contamination with siliooii. 
The introduction of this impurity generally arises from the action of the sodium or of the 
slag on the earthy matters of the vessels in which the reduction takes place. Now^ 
when crucibles are used and the heat is applied from below, the part of the mixture 
in contact with the crucibles is necessarily the hottest, and consequently the actiou 
exerted on the cmcible is considerable ; but when the mixture is on the hearth 
of a reverberatory furnace, with the flame playing on its surface, the coolest part is in 
contact with the hearth, which is therefore less acted upon. Moreover with the pro- 
portions above given, the whole of the fluorine is separated as fluoride of aluminium, 
a eompound which exerts but little action on silicious substances. 

Preparation from Cryolite , — The pulverised mineral is mixed with half its weight 
of common salt, and the mixture is arranged in alternate layers with sodium (2 pto. 
of sodium to 6 pts. of cryolite), in an earthen or iron crucible, a of pure ctyolite 
being placed at top, and the whole covered with common salt. The mass is rapidly 
hestod till Jt melts completely, and then left to cool after being stirred with an iron 
ro I. The aluminium is generally found in laige globules. Such was the method 
originally practised by Professor If. Rose in Berlin, and by Dr. Percy and Mr. Allen 
Dick in tins country. It is now carried on, on the manufacturing scale, at AmfreviUe, 
near Rouen, by C. and A. Tissicr. 

A peculiar apparatus for effecting the reduction of aluminium, either from the 
double chloride or from cryolite, the object of which is to prevent loss of sodium Ity 
ignition, has been invented and patented by F. W. Gerhard (1868, No. 2247). It 
consists of a reverberatory ftimace having two hearths, or two crucibles or reverbe- 
ratory furnaces placed one above the other« and communicating by an iron pipe. In 
the lower is placed the mixture of sodium with the aluminium-compound, and in the 
upper a stratum of chloride of sodium, or of a mixture of sodium and cryolite, or of 
the a lag obtained in a former operation. This layer when melted, is made to run into 
the lower furnace in quantity sufficient to cover completely the mixture contained 
therein, so as to protect it from the air. 

The chief inducement for using cryolite as a source of aluminium, is that it is 
a natural product obtained with tolerable facility, and enables the manufacturer to 
dispense with the troublesome and costly preparation of the chloride of aluminium 
Hud sodium. But the aluminium thus obtained is less pure than that prepared from 
tlie double chloride by the method previously described. If earthen crucibles are 
used, the aluminium is contaminated with silicon, because the fluoride of sodium pro- 
duced by the decomposition acts strongly on the silicious matter of the crucible ; and 
if crucibles of iron are used, the aluminium takes up a portion of that metaL For 
these rcMons, Deville is of opinion, that the best use of cryolite is as a flux in the 
preparation of aluminium from the double chloride. In that case, as already observed, 
the slug consists, not of fluoride of sodium, but of fluoride of aluminium, which acts 
but slightly on the containing vessel 

Ihduction of aluminium by means of hydrogen or carbon, — Severd attempts have 
Wn made, but with doubtfrd success, to separate aluminium from its oompoundi by 
means of the ordinary reducing agents. 

F. W. Gerhard decomposes fluoride of aluminium, or the double fluoride of alumi- 
nium and potassium or sodium, by subjecting it to the action of hydrogen pubat a 
rod heat The aluminium-compound is placed in a number of shallow dishes of glased 
each of which is surrounded by a number of other dishes eontaintim inm 
filinf^. These dishes are placed in an oven previously heated to redness ; hydrogen 
ps IS then admitted, and the heat increased. Aluminium is then sepsnt^ and 
hydrofluoric acid evolve^ which is immediately taken up by the iron tilings, and 
IhmW prevented from acting on the aluminium. To jprevent the pressure of JM 
worn becoming too great, an exit-tube is provided, which can be opened or dosed at 
pleasure means ^ a stopcock. This process, which waapatented in 1866 (No. 2980), 
»s in^nioug and was said to yield good results ; the inventor has however siuee returned' 
to use of the more coBtiy reducing agcait, sodium (see above), whidi would aatm 
^ ^ Jtydrogen method has not quite flUflUed his expsetatioiis. 

w Fmaris 0. Sjiowles has patented a process (1867, No. 1743) tbr judadug 
uuniom from its dilmide by means of qyaoide of potassium or cyiMds of icd Utt ii, die ‘ 
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eliloriJe, either in the fheed state er in ^e form of Ta^ox being brought in contact 
either with the molted cyanide or its Tapottr, Pore alumina may be added to increase 
the product. 

lu F. Oorbelli, of FlorencOp states that aluminium may be obtained mixing the 
impure sulphate (prepared by lieating clay with strong sulphuric acid), with 2 pts. of 
ferrocyamde of potassiuni, and 1 J pt. common salt, and heating the mixture to whiteness. 
The metal thus obtained must however be very impure, perhaps consisting chi^y of 
iron. The process was patented in this country in 1858 (No. 142). 

M. Cumenge, of Paris, obtains aluminium from the sulphide (A1*S*) either by heat* 
ins that compound in an atmosphere of hydrogen, or by heating it with alumina or 
sulphate of aluminium, in such proportion that the oxygen contained in that com- 
pound shall be just sufficient to convert the whole of the sulphur into sulphurous 
anhydride : 

APS* + 2APO* « 3SO* + 6A1 
or APS* + A\\SO*y == 6SO* + 4A1; 

or, lastly, by decomposing the sulphide with an onlinary metal, such as iron, copper 
or zinc. This process is also patented (1858, No. 461). 

Preparation of Aluminium btf Kleetrolyexs, — The electrolytic reduction of alumi- 
nium may be performed either in the dry or in the wet way. The reduction from 
fused chloride of aluminium and sodium was first effected in this manner by Bunsen 
in 1864 (Pogg. Ann. xcii. 648). The salt is introduced in a fused state into a red- 
hot porcelain cruciible, divided into two parts by a porous earthenware diaphragm, and 
the extremities of the carbon poles of a Bunsen’s battery of ten elements are introduced 
into the two halves of the fused mass. The metal is then reduced at the negative 
pole. ^ The heat must be raised considerably above the melting-point of the double 
chloride, otherwise the aluminium separates in the pnlvenilent form. It is best to add 
fresh quantities of chloride of sodium during the reaction, and to raise the tempera- 
ture ultimately to the melting point of silver. The aluminium is then obtained in 
globules of considerable size, which may be melted into one by throwing them into 
ehloride of sodium melted at a white heat. Beville adopts a similar method, nwing, 
however, platinum instead of charcoal for the negative pole. 

The same method may be used for coating metals with aluminium. Thus, if a bar 
of copper be used as the negative pole, and a bar of aluminium as the positive pole^ 
tha latter dissolves as the, action goes on, and is deposited upon the copper. 

Aluminium may also be reduced by the action of the current from the solution of its 
salts. Mr. Gore has in this way obtained a deposit of aluminium on copper, and 
Messrs. Evans and Tilley have patented a process (1855, No. 2766), for coating metals 
with aluminium and its alloys, by electrolysing a solution of alumina mixed with 
evanide of potassium, the negative pole being formed of the metal to be coated, and 
the positive pole of platinum or aluminium, or of some other metal, such as copper, 
tin or silver, which is to be deposited together with the aluminium. The bath may 
also in some instances be composed of a mixed solution of aluminium and the other 
metal to be deposited, — M, Corbelli, of Florence, obtains a deposit of aluminium by 
electrolysing a mixture of rock-alum or sulphate of aluminium with chloride of calcium 
or chloride of soilium, the positive pole being formed of iron wire coated with an 
insulating material and dipping into mercury placed at the bottom of the solution, and 
the negative pole of zinc immersed in the solution. Aluminium is then deposited 
on the zinc, and the chlorine eliminated at the positive pole unites with the mercury, 
forming calomel. This process is also patented (1858, No. 507). 

Of oil the processes al^ve described, the only one that has been successfully applied 
to the production of aluminium on the large scale, is the decomposition of the double 
ehloride or of cryolite by sodium. The electrolytic method is too expensive, excepting 
for producing a thin coating of aluminium on other metals ; and the attempts which 
have been made to obtain aluminium by means of the ordinary reducing agents, such 
as hydrogen and charcoal, do not appear to have led to very sat'sfactoiy results. At* 
present, therefore, the progress of the aluminium manufacture depends essentially on 
the economical production of sodium; and indeed the manufacture of aluminium has 
already given a great stimulus to that of sodium, and has led to considerable improve- 
ments in that process, and consequent reduction of cost^ (See Soihux.) * 

Arj/SM^ion.— Aluminium may be purified from and iron by f^ton with nitre 

in an iron crucible, the foreign metaU being thereby oxidised, while theiuuiiuninm lemaina 

e Wh<*n DstUls coaimviiced Mi npertmentt In ISM, great bopte were entertallied that aliMdalwni 
wilfhi ha pradueed at a prfca luOteiantljr low to admit of a varlaljr of mehil ai»plicatlniia> Hithorfo throe 
afSfwctatlona hava been btil Imparfrctlj fUiailad, the mrlal tMdng etlll too ooai.^ to bo applied to <^tliar 
than ornamental parpoioa. Still, howavor. great prograai hai bean nmdr, the price, whic • tn tStS wm 
y pe* Off., batngnow reduced to S«.( and ftjnhar reducHon will doublloti ba aa..de m thodmalla of Cho 
iMiiu^actuie are improved. 




intad intiodueing the iiheniMto^ ^ the erueible ahould ba 

irell oxidised W the action of the nitt^. JUnaaijliittia containing ainc, may be 
from that metal by melt^ the alloy ill contact with the air. No method haa yet 
been discovered of purifying aluminium &om 

Aluminium is very apt to retain pjtnrtions of the slag in the midst of which it has 
been formed, causing the surface, when' worked and polished, to exhibit a number of 
points of inferior lustre, which gradually became more and more conspicuous. The 
^st mode of purification is to melt the metal iu an open black lead crucible for a con« 
siderable time, then remove it from the fire and stir it with an iron skimmer oxidised 
on the surface. By this means, the whitish slaggy matter is removed, togetlier with a 
small portion of the aluminium, which may be set aside to be remelted. The metal is 
tlien cast into bars, and the whole operation repeated three or four times. 

[For further information respecting the preparation of aluminium, see DeFAluminiumf 
par U. Sainto*Glaire Deville, 8 vo. Paris, 1869; L* Aluminium tt lea Mitaua AlcalinSf 
par C. et A. Tissier, 12mo. Paris et Rouen, 1868; Chemical Technology ^ by Richard- 
son and Watts, vol. i. pt. iv. p. 1; lire's Dictionary of Arts, Manufactures and 
Mines, voL i. p. 120.] 

Properties . — ^Aluminium is a white metal, with a faint tinge of blue. It takes a fine 
polish, and its surface may be frosted, like that of silver, by plunging it for an instant 
into a very weak solution of caustic soda, washing with a largo quantity of water, and 
then digesting it in strong nitric acid. When pure, it is quite destitute of taste and 
odour. It is very malleable and ductile ; may be beaten and rolled as easily as gold 
and silver, and drawn out into extremely thin wire. In this last operation, however, 
it becomes very brittle, and requires to bo tempered by cautiously heating it over a 
lamp. In elasticity and tenacity, it is about equal to silver. AiYer fusion it is as sett 
ns pure silver ; but after hammering in the cold, it acquires the hartlness of soft iron 
It is highly sonorous, a bar of the metal suspended by a thread and struck with a 
hard Vmdy, emitting a beautifully clear, ringing sound. It is very light, being not much' 
more than 2| times as lieavy as water, and about 4 times lighter than silver, Iti 
density after fusion is 2*66, and after being hammered in the cold, 2*67* Its melting- 
}>oint 18 intermediate between the melting-points of zinc and silver, but nearer to the 
fanner. It may be cast with the greatest ease in metallic moulds, and still better in 
moulds of sand. It may be fused without any flux ; indeed, the addition of a flux 
is rather detrimental than otherwise, the metal attacking borax and glass with 
facility. Aluminium, heated in a closed vessel, does not exhibit the slightest tendency 
to volatilise. 


The electric conducting power of aiumituum is eight times as great as that of iron, 
and about equal to that of silver; it conducts heat even better than silver. Its specific 
heat is very great, and hence, though its melting-point is comparatively lo;r, it takes 
a long time to liq^uefy. The melting together of small pieces of the metal may ha 
facilitated by shaking the crucible and pressing them together with an iron rod oxi- 
dised on the surface. When slowly cooled from fusion, it exhibits a crystalline 
structure ; the crystallisation is, however, most distinct wlien the metal is impure. 
Aluminium precipitated ^m iUi solutions by electrolysis at low U^mperatures, crys- 
tallises in octahedrons, which appear to be regular. It is slightly magnetic. 

Aluminium does not oxidise in the air, even at a strong red heat ; neither does itf 
in the compact state at least, decompose water, excepting at a white heat, and even 
then but slowly (Deville). It is not attacked by swphunited hydrogen, or even by 
suiphide of ammonium, and consequently preserves its lustre in the atmosphere of 
large towns, where silver is very soon tarnished and blacken^. It may ahk) be heated 
to redntfss in vapour of sulphur without showing any disposition to oombina ; at very 
Idgli temperatures, however, combination takes place. 

Aluminium is not attacked by nitric acid, either dilute or concentrated, at ordinal 
temperatures, and veir slowly even at the boiling heat ; neither is it acted upon Ify 
• sulphuric acid dilut^ to the degree at which that acid dissolves xinc ; hut hydro* 
chloric acid, either dilute or concentrated, dissolves it readily, even at low teropentnrea, 
with evolution of hydrogen. The v^etabU adds, such as abetie and tartaric add, 
exert no perceptible actioa on aluminium ; a mixture of acetic add and common salt 
exerts a somewhai greater action, bceanae it contains free hydrochloric acid ; but even 
in this case the action is veiy iloir, and not nearly so great aa would he exerted lipon 
tin under similar dreninstanees. Alnmininm would tberefbre he well adiytrCd flaw 
cultDaij Toniirln, especially as the smallqnaatity of alumina which mqi^it be IfamedjfiKna 
it by the acti<m of ceitain add mixturea wmila not exert sny deleterious setion en Itm 
saimal economy, ; 

The hydrates of potassium end sodium in the etate of fuaion do hot act wtl? 
ttimum, hut tbdr aqueous solutioiisdissdvs it seedily, frmingsliiiniiude 
ersodiinii, and glTiiq^odriqr^vcV^ Amemnia acts but slightly on it 
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A •olution of cmmen salt or chloride of potassivm Is also isithout action on alttttA 
nimn, but the soliitions of many other chlorides dissolye it, and more readily, td the 
metols which they contain are higher in the scale ; even a solution of chloride of 
aluminium dissolves the metal, forming a basic chloride. Solutions of stdphates and 
nitrates, on the contrary, do not act upon it Hence in precipitating other metals n^on 
iaminium by electrolytic action, it is necessaiy to use acid solutions not containing 
hydrochloric acid or any chloride. In an acid solution of sulphate of copper, the 
amminium quickly becomes coated with metallic copper. 

Aluminium may be fused with nitre at a moderate heat, without undergoing the 
" slightest alteration ; hence this process may he adopted for purifying aluminium from 
admixtures of other metals. If however the heat be raised till tne nitric acid is com* 
pletely decomposed and begins to give off nitrogen, a new reaction takes place at- 
tended with incandescence, and aluminafe of potassium is forme<L 

(jaes . — The lustre and whiteness of this metal, its unalterability in the air, and the 
facility with which it takes a frosted surface, render it well adapted for jewellery, for 
■which purj)ose it is now much used. It also makes very bright reflectors. Its light- 
ness renders it useful for mounting astronomical instruments, especially sextants. It 
moy also be used for making small -weights, such as the divisions of the gramme. 
Veiy delicate balance-beams have also been constructed with it. For culinaiy vessels 
it is adapted l>y its lightness and the little tendency which it has to become corroded 
by any of the liquids likely to come in contact with it. It is necessary however to 
observe, that this power of resisting the action of corroding agencies, and more espe- 
cially tlioso of the atmosphere of large towns, is exhibited only by the pure metal. 
>'ow, much of the aluminium of commerce is veiy impure, being contammated -with 
iron or silicon, or not having been properly freed from slag. Aluminium thus con- 
taminated soon becomes tarnished, and much disappointment has been experienced 
from tliia cause by many who have used it for ornamental purposes. According to 
I>eviJle, the impurities just mentioned are found to the greatest amount in the metal 
obtained from cryolite (p. 152). 

General Characters and lieactions of Alumininm-cvmpounds , — ^Aluminium forma 
only one class uf salts, and into these it may be supposed to enter ns a tri-equivalent 
radicle, 1 atom of afuniiniiim taking the place of 3 atoms of hydrogen : A1 »= fi*, or 
Al-* s: IK Thus, tlie chloride of aluminium is (Al*)^*CL*j the oxide (alumina) is Al*0* ; 

the sulphate, ( Al*)**.3SO*, or | These formulee are based upon the 

isomorphism of the aluminiuni-compounds with other compounds of corresponding 
dmracter, which are known or supposed to contain tri -equivalent radicles; thus, 
fdumiiia, the only known oxide of aluminium, is isomorphous with aesquioxide of 
iron and sesquioxide of chromium; and common potash-alum, Ar'K'(SO^)* + 12H*0, 
is isomorphous with iron-alum, Fe'"K',(SO*)* + 12H^O, and chrome-alum, Cr'''K',(SO*)* 
+ 1 2H^O. All those formulm may, however, be reduced to others containing bivalent 
rudic’ies, the values of which are two-thirds of those of the corresponding tri- 
<*quivaJent radicles. For instance, the aluminium-compounds may be supposed to 
contain a ^dicle {alurninimm), aJt* = f Al" =* J . 27 4 « 18-3. The formula of the 
chloride will then be that of alumina, al"0 \ that of the sulphate, of ^SO^; 

that of alum, aZ"K“(SO^)^ It is sometimes convenient to write the formulse in this 
manner. 


Most compouads of aluminium are colourless. The oxide, hydrates, horate^ phos- 
ph.it®, nmenia^s, and silicates, are insoluble in water; most other aluminium-com. 
pounds are soluble. AU of these, excepting the silicates, are soluble in hydrochlorie 
and sulphunc acid, at least if they have not been strongly ignited. ^ 

Tht. .11?"*”*'“ aetd re^tion, and an astringent dimtgiweabl. taste, 

solul^le su?nhiSM*t^*ev any free acid. With sttlphide of amnumitm and other 
Jhl. fnt? *I!!L f a white gelatinous precipitate of tnhydrate of .liimininTn, 

evolution of hydrosulphuric arid^nT^' 


X wKwine caroonaies, the same, carbonic acid beinir 

given off, and not entering into combination with the 

potassint/^ H white gelatinous precipitate after ^ 

gelatinous precipitate, closely toe 

srith thesame Jkcility’in hyt^WoSc S fud^^"* *^"S**’ 
precipilated in the samo i^Lner as the hviWe^^^ 
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eum th« hydrate howeTw, by its insdubflity in acetic acid, and by <«»» P>i t ?i iir cettaiu 
reactions of phosphoric acid (jy. v.) v •»« 

Most compounds of aluminium* when moistened with a small quantity of miraU of 
cobaltt and ignited before the blowpipe, exhibit a tine olmracteriatic blue colour.* TWs 
character is best exhibit^ by placing a small quantity of alumina, precipitated as 
aboTe, on charcoal or platinum-foil, heating it to redness, then moistening w&h nitmta 
of cobalt^ and igniting again. 

Quantitative Estimation of Aluminium , — ^Aluminium is usually precipitated in jko 
form of hydrate by excess of ammonia or carbonate of ammonium, or ^tter by 
phide of ammonium, because an excess of ammonia or its earl^iiate dissolves" a 
small but perceptible (quantity of the hydrate, which can then bo reprecipitated only 
by boiling the liquid tiU every trace of ammonia is expelled. The precipitate when^ 
ignited leaves anhydrous alumina, containing 63*26 per cent, of the metal. 

Aluminium may also be very convenient^ separated from its solutions by boiling 
with kypostdphite of sodium ; alumina is then precipitated together with sulphur, 
while sulphurous acid is expelled, and a sodium-salt of the acid previously combined 
with the alumina remains in solution : thus, if the aluminium exists in solution as 
sulphate: 

S»0>*A1* + 3S*0W * A1*0* + 3S + 3SO* + 3SO^Ns*. 


The liquid should be dilute, and must be boiled tiU it no longer smells of sulphurous 
acid ; the alumina then separates quickly in a compact mass, not at all gelatinous, and 
very easy to wash. The sulphur mixed with it is very easily expelled by ignition. 
(G. Chancel, Compt. rend. xlvi. 987.) 

This mode of precipitation by hyposulphite of sodium, serves also to separate 
aluminium from many metals, especially from^ iron, the latter metal being reduced to the 
state of protoxide, and remaining in solution as a sodio-ferrous hyposulphite. To 
ensure complete separation, the solution must be nearly saturated, if necessaiy, with 
an alkaline carbonate, diluted to a considerable extent, and mixed with the hypo- 
sulphite while cold ; otherwise the alumina separates too quickly, before the iron is 
completely reduced to protoxide, and then carries some of the iron down with it 
A.fter the separation of the alumina, the iron is re-oxidised by nitric acid and preci- 
pitated by ammonia. (Chancel.) 

Aluminium may also be separated from the alkalis and alkaline earths^^ by precipi* 
tation with ammonia or sulphide of ammonium. In thus separating it from the 
alkaline earths, however, care must be taken to protect the solution from the air, 
otherwise carbonic acid will be absorbed by the excess of ammonia, and will preci- 
pitate the alkaline earth together with the alumina. From hanum^ aluminium if 
most easily separated by sulphuric acid. 


Allojts of AIuidIibIiiiii* Aluminium forms alloys with most metals. With gina 
and tin it unites readily, forming brittle alloys ; with cadmium it forms a m^cablo 
alloy. With iron, aluminium unites in all proportions, forming alloys which are 
hard, brittle, and ciy^tallise in long needles, when the proportion of iron amounts 
to 7 or 8 per cent. Aluminium containing iron dissolves in acids more readdy than 
the pure metal. (Deville.) 

Aluminium alloyed with even a small proportion of silver ^ loses all its malleability. 
An alloy containing 6 per cent, of silver may, however, bo worked like the pure 
metal, and has been used for making knife-blades. An alloy containing 3 per. cent 
of silver is used for casting ornamental articles. It has the colour and lustre of filver, 
and is not tarnished by sSphuretted hydrogen. (Deville.) 

The alloys of aluminium and copper are of especial importance. One m parttcular, 
containing 10 pts. of aluminium with 91 pts. of copper, called iUuimniwn^brongSt 
possesses very remarkable properties. It is a definite compound, containing Ou*Al* 
has the colour of gold, t^es a high polish, is extremely hard, and p osses s e s a 
tenacity equal to that of the best steel ; it is lUso veiy malleable. Another ally con- 
taining only 2 or 3 per cent, of copper, is used for casting ornamental articles of Um 
dimension, intended to be chased. Aluminium may be easily plated on copper. Tw 
plates of the two metals are prepared in the usnal manner, and well rubbed with wA ^ 
tben placed between two plates of iron, the whole being well bound together, heated ' 
to low redness, and tiien strongly pressed. (Deville.) - , . a 

Alloys of aiumuiiTim may bo prepared by heating a mixture of alumina and^me 
oxide of another metal, sneh as eoppm*, iron, or sine, or a mixture of ^min a wfw 
eaibcm and the other metal in the free stat^ granulated copper, tor t a st a acfv ^w 
materials bcaag aU vecy fiaety divided, and nmrad in atomic proportumi; 

'With tlm carbon sowesa. This riKthod, due to a fentmn mvmtoit 

patented In Aii in the name of E. Ik l^enaon (186^ Iw. 8783). . - 



‘aluminium: 

Jmafyamaium and Oddtf^ 0 / Jiuminttm.^Aceording to Csilletet, jdammiumnuf^ 
be amalgam&t^ by the action of ammoniam-amaJgam or addiam’-amalgam and 
i^7i^ when it ia connected with the negative pole of the voltaie hattery^ and dipped 
into the mercury moistened with acidulated water, or into nitrate of mercuiy. — 
Ch. Tisaier (Compt rend-jdix. 66), confirms this statement respecting the amalgamation 
of aluminium in connection with the negative pole of the battery, and adds, that if 
the aluminium foil is not veiy thick, it besomes amalgamated throughout, and very 
brittle. The same chemist finds that aluminium may be made to unite with meTCUiy, 
merely by the use of a solution of caustic potash or soda, without the intervention of 
the battery^ If the surface of the metal be well cleansed and moistened with the 
alkaline solution, it is immediately melted by the mercury and forms a shining amal- 
gam on the surface. 

The amalgam of aluminium instantly loses its lustre when exposed to the air, 
becoming heated and rapidly converted into aluminium and metallic mercury. It 
decomposes water, with evolution of hydrogen, formation of alumina, and deposition 
of mercury. Nitric acid attacks it with violence. (Tissier.) 

To aluminium, 8 grammes of gold are dissolved in aqua regia, the solution is 
diluted with water and left to digest till the following day, with a slight excess of 
lime ; after being well washed, it is treated at a gentle heat with a solution of 20 g^s. 
of hyposulphate of sodium. The filtered liquid serves for the gilding of aluminium, 
without the aid of heat or electricity, the aluminium being simply immersed in it, after 
having been well cleaned by the successive use of potash, nitric acid, and pure water, 
(Tissier.) 

It is somewhat difficult to solder aluminium, partly because no flux has yet been 
found that will clean the surface without attacking either the aluminium or the solder, 
partly because the surface of the aluminium is not easily melted by metals more fusible 
than itself. An imperfect soldering may indeed be effected by means of zinc or tin, 
but a better method, devised by M. Hulot, is to coat the aluminium with copper, by 
the electrolytic method, and then solder in the ordinary way, (Devi lie.) 

’ Arsenide of Aluminium. (See Arsenides.) 

Boride of Aliunlnlum. Boron unites with aluminium under the same circum- 
stances as silicon (p. 160), and alters its properties in a similar manner. 

Bromide of Aluminium, Al^BrMs obtained l^the action of bromine on pulveru- 
lent aluiuitiium, the metal being in excess. By sublimation, it is obtained in white, 
Hhiuing lumin.-e, which melt at 90® forming a mobile liquid which boils at about 265° C. 

It is decomposed when heated in contact with the air. It dissolves in bisulphide of 
carbon, forming a solution which fumes strongly in the air. It dissolves in water, 
and the solution evaporated in vacuo over oil of vitriol, leaves needle-shaped crystals 
containing Al*Br* + 12H*0. With bromide of potassium, it forms the double salt 
2KBr.Al®Br*. It absorbs ammonia and hydrosulphuric acid, forming compounds which 
are decomposed by heat. (R. Weber, Pogg. Ann. ciii. 254.) 

Chloride of Aluminium, Al*Cl®. — The finely divided metal heated to redness in 
a current of dry chlorine gas, takes fire and is converted into the chloride, which 
sublimes (Wohler), The compound is also produced bypassing dry chlorine over 
an ignited mixture of alumina and charcoal: and this is the method adopted for pre- 
paring it. Hydrate of aluminium precipitated from a hot solution of mum by an 
alkaline carbonate is made up into small pellets with oil and lampblack, and the mix- 
ture is strongly ignited in a crucible : the oil is then decomposed and an intimate 
mixture of alumina and charcoal remains. This is introduced into a porcelain tuba 
or tubulated earthen retort placed in a fiimace, and connected at one end with an 
apparatus for evolving chlorine, and at the other with a dry receiver. On raising the 
heat ^ to bright redness, and passing chlorine through the apparatus, chloriae of 
aluminium is formed and condenses in a solid mass in uie receiver, 

A similar process is adopted in preparing the compound on the large scale, Ahf- 
mma or clay is^xed with coal, pitch, tar, resin, or any organic substance will 
a^n^se by heat and leave a considerable quantity of charcoal, and the mixture^ 
^ being well craned, is heated to redness in a cylinder of earthenware or cast 
imn, through which a current of diy chlorine is made to pass. The vapours of 
oh^ride of aluimmum pass into a condensing chamber lined with plates of ^azed ‘ 
earthenware, on which the chloride collects in the solid state. If day containing 
a ^nsideiable proportion of iron is used in the preparation, it must Unit, after 
ignition With carbonaceous matter — whereby the iron ia reduced to the metallio 

diasolT. out tlx. iron, dial wuhad Mid dried, 
duonde of alurntnium is a transparent waxy .substance havimt a cmtaHine stnie- 
lure like talc. It u colourless when pure, but generally exlulpl^ yeliW 
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perhaps to iha preaence of uob. U m foMiblo in maaaoBt and according id 
lAehigt boils KtaTOUt JSO^ C. A aimlljgnanUty volatilisea immediately when heated^ 

It iumea in the air, and smells of hydxochloric acid. It is decomposed at a heat 
below redness by potassium or sodiam» aluminium being set free. Wh^ it 4s dia» 
tilled with sulphunc anhydride, si^bnrous anhydride and chlorine are cdf and 
sulphate of aluminum remains. (j£ Bose.) . 

A1»C1» + 6S0* - Al\SO*y + 3SO* + 6CL 

Chloride of aluminium is Tery deliquescent^ and dissolTes readily in water. Th# 
solution left to evaporate in a warn dry place, yields the hydrated chloride Al*Cl*. 
12H^0 in six-sided prisms. The same solution is formed by dissolying alumina in 
hydrochloric acid. The anhydrous chloride cannot be obtained by heating the 
hydrated chloride, because the latter is thereby resolved into alumina and hycb^tv* 
chloric acid. 

Chloride of Aluminium and Sodium, 2NaCLAl^CI*, is .obtained by fusing together 
the component chlorides in the proper proportions ; by passing the vapour of cUoride 
of alumiuium over fused chloride of sodium ; or by adding the proper quantity of 
chloride of sodium to the mixture of alumina or aluminiferous matter and carbon used 
for the preparation of chloride of aluminium, and igniting the mass in an atmosphere 
of dry chlorine or hydrochloric acid, and condensing the vapour in the same manner as 
that of the simple chloride.^ It is a crystalline mass which melts at 200‘^C., and 
crystallises on cooling. It is perfectly colourless when pure, much less deliquescent 
tlian chloride of aluminium, and being quite fixed at oroinary temperatures, may be 
handled with facility. These qualities render it much more convenient than the 
simple chloride for the preparation of aluminium. When ignited with sodium, it 
yields nearly the theoretical quantity (14 p. o.) of aluminium. 

nuorlde of Alniiiltilaiii« Al^, is produced by the action of gaseous fluoride of 
silicon on aluminium. The product is at first mixed with reduced silicon, but this 
may be easily removed by digestion with a mixture of hydrofluoric and nitric acids, 
fluoride of aluminium then remains in a colourless mass of cubical crystals, which 
have but little refracting power. It volatilises at a bright red heat, is insoluble in 
water, and resists the action of all acids. (Beville, Coropt. rend. xlii. 49.) 

fVuotidc of Aluminium and Poiaeeium, 6KF.Al*F*, is obtained as a gelatinous pre- 
i'lpitate by dropping a solution of fluoride of aluminium into a solution of fluoride of 
potassium, till the latter remains in only slight excess. A precipitate of similar cha* 
racter, but consisting of 4ICF.APF*. is obtained by stirring up a solution of fluoride of 
aluminium with a quantity of fluoride of potassium not quite sufficient for complete 
saturation. Both precipitates dry up to white powders, and give off the whole of 
their fluorine as hydrofluoric acid when heated with sulphuric acid. (Berzelius.) 

Fluoride of Aluminium and SodiUtn, 6NaF, A1®F*. — round native as Cryolite, and 
prepared artiflcially by pouring liydixifluorlc acid in excess on a mixture of calcined 
alumina and carbonate of sodium in the proportions indicated by the formuli^ then 
drying and fusing the mixture. Cryolite belongs to the quadratic or dimetric sys- 
tem. It is colourless and transparent, softer than felsp^, of specific gravity 2*96, 
melts below a red heat, and forms an opaque glass on cooling : so likewise does the , 
artiflcially prepared salt. It is found in large quantity at Evigtok in Greenland, but 
has not hitherto been discovered in any other locality. It is used, as already 
described, for the preparation of aluminium, and also in Germany for the manufacture 
of soda for the use of soap-boilers. 

Iodide of Almntninin, AFI*, is obtained by heating the metal with iodine or iodide 
of silver in sealed tubes. After repeated sublimation over metallic aluminium, it 
forms a snow-white crystalline mass, which melts at about 185° C., and boils at a tem- 
peratnre above the boiling-point of mercury. It resembles the bromide in most of its 
^p^ies. With water it forms the hydrate Al*I*.6H*0, which may also be obtained 
by dissolving hydrated alumina in hydriodic acid. It forms double salts with tho 
alkaline iodides, and absoi^ ammonia, foiming a snow-white powder. It does not 
appear to combine with hydrosulphuric acid. (Weber, Pogg. Ann. evii. 2fl4.) 

Oxiiln of Alutiaiaoiiu Alumina, AlW—This, which is the only known 
‘ oxide of aluminium, is formed hy the direi^ oombination of the metal with oxvgen. 
Aluminium in the maesive state does not oxidise, even at a strong red heat; 
but m the state of powder it boms brighUy when heated to rednem in the air orm 
<utygeagMi^ nd is ocmveited into ijniBUia, fl3*S pta. of the metd taking 
pte. of oxygen to iona 100 pte, of alnmuia. The atomie coa sto tion of eittnuh*; ^ 
eannothedeieiaiiiiedliEom fhtf OT a^y oth^ direct expeiiinent, bioeittrtlisro^^^fr 
oUier oxidoofaluiriiiiian wilhiriiiehtoeonpaM H; bBt U 
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ALUMINIUM (OXIDE), 


mde, becmwe it is isomoiphous with the sesquioxides of iron and chromiuiA iad ia 
‘ ctipahle of replacing those oxides in combination in any proportion. n ^ 

Alumina occurs native, and very nearly pure, in the form of corundum, varietUa of 
which, distinguished chiefly by their colour, are the sapphire, rvhy, oriental topac^ 
oriental amethyst, &c. The colourless variety is called hyaline corundum. The ciys. 
talline forms of these gems all belong to the rhombohedral or hexagonal system, the 
primary form being a rather acute rhombohedron. Alumiua in the crystalline state 
hM a specific gravity of about 3*9, and is, next to the diamond, the hardest sub- 
stance known. An opaque Variety of corundum called emery, which has s brown- 
red colour, arising from oxide of iron, is much used in the state of powder for polish- 
ing glass and precious stones. 

Alumina is prepared artificially : 1. By precipitating a boiling solution of common 
alum (sulphate of aluminium and potessiuni), free from iron, with carbonate of sdi. 
monium, washing the precipitate with water, and ignitiiig it to expel the combined 

^ater. 2. By igniting sulphate of aiuuiinium or animoiiia-aluin. In the former case, 

sulphuric anhydride is given off ; in the latter, that compound, together with sulphate 
of ammonium, and alumina remains : 

AP.3SO* AlW + 3SO> 

and 2(Ar.NH^2SO<) « A1*0* + (NH*)=*.SO* + 3SO» 


Alumina thiw prepared is apt however to retain a small quantity of sulphuric acid, 
and if the original salt contained iron, the whole of that impurity remains in the 
residue. — 3.* By digesting clays, felspathic rocks, or other minerals containing alumina 
in a strong solution of caustic potash or soda, assisting the action, if necessaiy, by 
boiling under pressure, or by heating the same minerals with kelp or soda-ash in a 
reverberatory furnace, and lixiviating the fused product with water. A solution of 
aluminate of potassium or sodium is thus obtained, a silico-aiuminate of the alkali 
generally remaining undissolved - and the alumina may be precipitated fiom the solu- 
tion as a hydrate by passing carbonic acid through the liquid ; by treating it with 
acid carbonate of sodium, or with neutral or acid carbonate of ammonium ; by saturating 
with an acid (using by preference the last vapours of hydrochloric acid evolved in the 
manufacture of that compound) ; by treating it with chloride of ammonium, where- 
upon, ammonia is evolved, chloride of potassium or sodium remains in solution, and 
oluinina is preci|)itatc‘d ; or by mixing the solution of the alkaline aluminate with 
chloride of aluminium, the result being tlie precipitation of the alumina from both 
compounds : 

Ar"K»o* + Ara* « ai»o» + sxa. 


\lum1nat« of 
potawluni* 


By mixing cryolite with rather more than | of its weight of quick lime, adding a 
^aJl quantity of wat»>!r to slak^the lime, then a larger quantity, and heating ths 

;ts of this operation are fiaori4& of calcium 


mixture by a current of steam 
and aluminate of sodium : 


The products i 


AI"'Nh*F* + 3CaO « 3CaF* + Arm*©* 


Cr} olite. 


Alumiante 
of hodium. 


_ ^ Mouiuni. 

delwmi'JSled^by wrbonl^^^ deposit of fluoride of calttiixi^ 

be formed, it may be decomnrtsflS^^^’ ^ in^luble aluminate of calcamn should 
A The oCn^ b carbonate of sodium. (DeviUe.) 
and sodium, with fluor-snar^o/^lrf from chloride of alujniifliua 

cent of fluoride of aluminium toJ2h aboOt 40 

extraction of sodium by ^ chlorides ; and the residue ^thA 

jaixture of carbonate of sodium Sodium), which consists in igmting ^ 

carbonate of sodium. 

heating to redne^ mixtu^ of^ ®**®*^**^^ ofcalchiin. Hwbr 

lUummium-alag, freed by waflhin^ e? the Bodium-tesidiw with 1 pt 

the jwoduct after coo W^asolntiftf/rf^^?^ soluble constituents, and 

dewmp<^ by carboni/keid as above. “ obtainedi which 

Alnmma Di^paredbyanvof : 


Alumina prepared by any of iKa ^ wcville.) 

of^phnretted hy^^n (D.^inS “** PMcipital-, ™ __ 

It may then be 

• Tm. J'!>- ■ P«“P«tated idway. oootein, 


contains iron. ; 
precipitating “thA ‘ 
len be reprehipit^^ 

. ^ ntains a ecirta^ 

^ ^ Farta^U patentod In thtaeauiiiril 




AND HYDRATES). ’ * 


nHralfaiA iaariaimat^ which can^t be remoTcd by waRhing with water» It mayt hoa^ 
evec» be sfipii»ated by the fid of heat, ip a small quanlSty of dilute 

hydrochloric' or iiitrlc acid, or by dig68ti.on with chloride of alumi^poiu in 
(Le Ohatelier.) 

Artifidally prepaid alumina is white, and if it has been exposed only to amodentte 
red heat, is Tery light and soft to the touch ; but after strong ignition, it e^es 
together, becomes so hard as scarcely to be scratched with a file, and emits sparks 
when struck with steel. According to H. Kose (Pogg. Ann. Ixxiv. 480), the specifto 
gravity of alumina ignited ordt* a spirit-lamp is between 3*87 and 8*00 ; after six 
hours' ignition in an air furnace, it is between 3*725 and 3*75; and after ignitioh in a 
porcelain furnace, 3*090, which agrees very nearly with that of na^ve corundum. 

Alumina is infusible at all teniij<'ratures Mow thjit of the oxy -hydrogen dame ; but 
at that degree of heat, it melts into transparent globules which assume a crystalline 
structure on cooling. If a small quantity of chromate of potassium be added before 
fusion, the melted alumina on cooling retains a deep red colour, and resembles the 
natural ruby. When a mixture of 1 pt. of alumina and 3 or 4 pts. of anhydrous 
borax is exposed for a considerable time to the high temperature of a porcelain fVur- 
nace, the ammina dissolves in the fused borax, and as the borax is volatilised by the 
heat, remains in crystals resembling corundum ; in this case also, the addition of a 
very small quantity of chromate of potassium causes the crystals to exhibit the colour 
of the mby. This method is applicable to tho artificial formation of a great number 
of crystallised minerals. (Ebelmen, Arm. Ch. Phys. [^3] xxii. 211.) 

Alumina is not decomposible by heat alone. Pota^ium at a^ white heat deoxidises 
it partially, forming an alloy of potassium and aluminium which decomposes water. 
It is not decomposed by chlorine at any temperature, unless it be mixed with charcoal, 
in which case a eliloride of aluminium is produced. 

Anhydrous alumina is perfectly insoluble in water. After strong ignition, it is like* ' 
wise insoluble in most acids, concentrated hydrochloric or sulphuric acid being alone 
able to dissolve it. In the crystallised state it is insoluble in all acids. It may, how- 
ever, always be rendered soluble by fusion with hydrate of potassium or sodium. 


Hydhates of Axumxnium, or of Alumina. These compounds are three in uum- 
ir, viz. : 

Monohydrate • . • • A1*H*0^ or A1*0*.H*0. 

Dihydiite .... Al*H‘0* „ Al»0».2H*0. 

Tirihydrate . . . . Al*H*0* „ Al*0*.3H*0. 


The monoliydrate is fouud native as Diaspora, a mineral which forms translucent 
granular masses of specific gravity 3*43, and crumbles to powder when heated, but 
does not give off the whole of its water below 360^ G. It is insoluble in water, and 
even in boiling hydrochloric acid. . 

The irthydraU is the ordinary gelatinous precipitate, obtained ty' treating Mlutiohi 
ot aluminium-salts, alum, for example, with ammonia or alkaline carbonates ; it is also 
thrown down from the same solutions ly sulphide of ammonium, the aluminiu m no t 
entering into combination with the sulphur. When dried at n moderate heat, it forms 
a soft friable mass, which adheres to the tongue and forms a stiff paste with watei% 
but does not dlnolve in that liquid. At a strong heat, it ports with its 'water, and 
undergoes a very g^at contraction of volume. It dissolves wiw great facility in 
and in the fixed caustic alkalis. When a solution of alumina in caustic petMh iS 
exposed the air, the potash absorbs carbonic acid, and the trihy^to of alu n ti ni i un 
Is then diimosited in white mystals which are but sparingly soluble in arids. 

The triifydratb of s^tmiitiuni has a veiy powerfal attraction fbr ozganic matter, end 
when digested In solutions of vegetable colouring matter, combwios with and aurr^ 
down tho eokniring matter, whimi is thus removed entirely ficom the liquid utije 
nlnnuiia is in sufficieDt quanti^. The pigments called are compounds ox tl^ 
natoreL The fibre of eotten finpregnatM with alumina a^^uiies the same ^wer of 
retaining colouring hence the great use of ahumnoos salts as morimU ^ 

of idnaB^bfini oociixe imtitv as CHhbHtef a atalactitli% tnmalucett^ fihroue 


mi^TiTTal, taeilj dlaaolnicl by a rid Sr 

. APHH>*, dr AW*.fiHK>.— When a diluteaohttiott of diac^ 

t^wf ^Oirniii ridm ia eaposed fw gefmHddi^ TSSS 

thO' acetic • s mw f Mw tO' be sat fiMUb nlftlMudi xm cf ahi i p iim tshaa ' 

ta£ of iSnSrSd ifS^^ boaadln yyjgji fe 
gifaacffmiii&figk.wiMlir.of ite'icitlcacfik 



ALtmO-CALCITE-^^UM.Si:jLTl£ 

eolooi of the inftasion, hat » traMlucent totally aifftmnt li«W 
lakes which ordinaiy almnina forms ;«th the oamo colony patton^m^ 
tine tho soluti^to dryness at 100 ° 0 . the alnpiaa ron»ins_ m tto ^ ««M 
aJu, retainii^ly a ^ of acetic acid. In this s^, it is ms<diihloi|i ^ 
aei£ but BoiuSle in acetic acid, provided it has Mt ^ pe^aon^ <»agula*^W ? 

iuBt mentioned. Boiling potash converts it into the tnhydrato (Wallps 
Crum, Chem. Soc. Qn. J. vi. 226). The dihydrate is smd to occiu native at BW 
(Berthier Schw. J,xxxiv. 154). //vrfrar^y/fe^e, aimneraloTOUmn^mpeguto 
prisms is also a hydrate of aluminium, but its exact composition is not known. 
(G. Rose, Pogg. Ann. xlviii. 664; 1. 656.) 

Alu?ninate8.—The hydrogen in tribydrate of aluminium, maybe replaced by 
an equivalent quantity of various metals; such compounds are called ^^uminates. Ac- 
cording to Eremy, a solution of alumina in potash slowly evaporated [out of contact 
of air?] deposits granular crystals of alumiimte of potassium, APR'^O**, or Al*O*.K*0. 
{Similar compounds occur native; thus Spinell is an aluminate of magnesium, 
Al“Mg"0^ ; Gahnile, an aluminate of zinc, Al*Zn "O*. 

Oxygen-Salts of iLlimilniiun« — The general characters of these s^ts have already 
been described (p. 164). The most important of them are the sulphate A1*(S0*)*, 
with its double sulphates, especially common alum, the sulphate of aluminium and 
potassium, and the silicates and double silicates. [For the detailed descriptions of 
these salts, see the several Acids.] 

Pbosplilde of Aluminium.- Obtained by heating pulverulent aluminium to red- 
ness in phospliorua vapour. It is a dark grey mass, which acquires metallic lustre by 
bumisliing, and is decomposed by water, with evolution of hon-spontaneously in- 
flammable phoaphoretted hydrogen. (Wohler.) 

Sllloido of Aluminium. — Aluminium combim readily, and in all- proportions, 
with silicon. When strongly heated in contact with any silicons substances, such as 
glass or porcelain, it reduces the silicon and unites with it. ^evm^heless almninium 
may be fused in glass or earthen vessels, without undergoing the mightest alt^tion, 
provided no flux be used, because it does not then come into in^|mate contact with the 
substance of the vessel ; but the addition of a flux produces instant deoomptoition. 
The properties of the compound vary with the proportion of silicon. An all^ con- 
taining 10*3 per cent, of silicon, called cast aluminium (fonts cTalumtniuinyjia grey 
and veiy brittle. A compound containing 70 per cent, silicon, still exMbitS metallic 
properties. All tho compounds of aluminium and silicon are much more easily 
altered by exposure to the air, or by the action of acids and alkalies, than either pure 
aluminium or pure silicon. . . \ ■ -'S .■ 

Bale Aide or Alvunlnlamf Al*Se*. — ^Produced With Ixpawtsacenca 
is healed in selenium vapour. It is a black priwder, '^hieh 

lustre by burnishing, and is readily decomposed bv water atmeof^ 

with formation of alumina and hydroselenic acid. ^ ' 

..^Bulpblde of Ali^nium, AV-'S*.— Sulphide ifjpb' 
without Gombining with it ; but when thrown upon'^t^xedfU^^^^^^^ 
yrith vivid incandescence (W 6 h 1 e r). The sulphide 1^] 

disulphide of carbon ovea^ed-hot alunri^ 1| m 
Wuterilt ordinaiy temperatureSi'yieldinghydrateof alumhiii 
and thhs perhaps contriliptes to the formation of, " 

AWMO-OAXiOZTIB. A minewl from JESL 
.the appearance of opal. Specific gravity 2*1 to 2 - 
tains, accoiding to Kersteus analysis,’ 6*26 per 
water. It is probably a mere residue qf decompoeit 

A&UM-IIAKTH. A massive variety of idumh 
hood , of tertiary lignites, as in several partoa^ f 
in Picardy, and other localities. It ha s' tfgh a 
Mable, usually dark brown mass. ^ r 

^ slats, coB^] 

jnfly found in the traasiUon-strataj lia sl_ 

^ England ti4 ^gkjptl3 

^ the Vbsgaa, the lower lUarnkjaaidcvp^^ 

Chmmen, TlusiiikaralbiSisMIi^^n^ 
dull hiB^ 
h 80^ it is imTiru# 
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AMARINE. l|| 

whielk ii flat Jr or undulating. There is a soil varietj of it, improaehing la 

appcaraniwif# iday. Bj exposure to air its thickness is.prodigioauj augmented 
by ^ fimMtiod of ^ sidlne effioresence, which separates its thinnest iplates. Tfaeno 
iikemixds exfoliate in brittle sections, causing entire disintegration. 

jk&nrZTVp or AliUM-dlVOVaL A basic sulphate of aluminium and potaa- 
sium, Al*K*.4SO* + 8A1*H*0* or + 3(AP0».3H*0), found chiefly in vol- 

canic districts, Tiz. at Tolfa, near Civita Veechia, at Solfatura, near Naples, at Puj de 
Oarcey in Auvergne, and other localities. Used for the preparation of Roman alum. 

It is either massive or crystallised ; the former is usually greyish white, and some* 
times red. It is translucent, easily frangible, scratches calcareous spar, but is scratched 
by flttor spar. The crystals are generally situated in the cavities of the massive sub- 
stance, they aw small, shining, sometimes externally brownish, their form is an obt^uw 
rhomboid, variously modified. ^ The crystals have the composition above given ; th^ 
massive variety contra in addition a considerable quantity of silica. 

AlaWOOBir* Native sulphate of aluminium. (See Sulphatbs.) 

AMiLliOAM* A combination of mercuij with another metal. (See Mxbcubt.) 

AMAMMkMATXOll'. The process of extracting gold and silver fiK>m their oreq 
by dissolving them out with mercury. (See Gold and Silvbb.) 

AMAXiXO AOXn (from on account of its feeble acid reaction.)— A 

p^uct of the decomposition of cafifeine by chlorine (see Caffbihb), discovert^ by 
Rocbleder. Its composition is that of alloxantin having the whole of its hydrogen 
replaced by methyl ; C"(CH»)^N"0' + H*0. 

It foiras transparent colourless crystals, which do not give off their water at 100^ C« 
At a higher temperature, it melfa and volatilises, leaving scarcely a trace of CbarooaC 
but giving off ammonia, and prielding an oil and crystallised bb!^« Jt slightly feddens 
litmus, and produces rfld stains on tiie skin, imparting to it ^ Unpleasant o&ur, like; 
slloimntin. It reduces silver-salts like alloxantin. Nitric acid converts it into a ctys- 
t^ine substance. When exposed to vapour of ammonia, it gradually assumes a deep 
violet ^loui\ and fofms a compound which dissolves in water with the colour of 
murexide : solution yields a ciystalline body, to which Rochleder j^ves the name 

mureaeoin* With baiyt^ potash, and soda, it forms compounds of a deep violet' 
colour. ^ A 


AWilUrXTPiaL An organic base Obtained by Letellicr from the fly agaric {^gari* 
eu$ rnttscariud, or Amanita mtL8caria\ and fromAgaricus buiboauB, and supposed oy him. 
to be the poisonous principle of these agarics. Aesdrding to Apaiger and Wiggers, on 


to be the poisonous prinei] 
the other hand, the fly 1 
hsse^ and It is ip ^ amd i 


lo of these agarics. Acsordmg to Apaiger and Wiggers, on 
rarip contains a peculiar acid (muscaruf acid), as well as a 
natthe poisonous action is' due. "(Handw. A Cbem. 2** Aufl,, 

ro/f ne, IHkramin^ Hydrwra cf ojoAefijrorfWne.— (L a a r e n 
es, Ann. Cb. Phaim liT.4fl3; Gossmann, A^n,: 
193.) V 

I simultane^sly by Laurent and by Fownsa 
from wliich i#ls generally prepared. 1.' Wnsi^lijlU^I f 
four hours to 120^—130^ C*, the vitwona Iha^ wheh^' 

“ - ^cesa of hydfo^^rieaeid added, w^teoyau^ 

e«t (Bertaunini), — 2. Hydrotm is smi ^ is: 
potash, the reauiting resin dissolved in dilute svik 
taM by ammonia, and the pmcipitate y^h|i wftK 
obol ^oirnes). ’--'3. A sohiti&i of bittsr»i 1moi |d 
os aihmonia, soUdifles in 24—48 boors ism 
Tatar, and satNinited while hot with hydros 
^ with ciystali ^ a pecttliw 
nted, and the again 
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AMABONB. 


almost completely, ammonia being evolved : an oil smelling like benzol djatUa ove^,*aad 
a sublimate collects in the neck of the retort, which Fownes calla fffrobmfoHn^ and 
which, according to Laurent, is identical with iophine. Amarine is inodorous, taste* 
less at first, but afterws^ slightly bitter. It is insoluble in water, soluble in al* 
eohol and ether ; the alcoholic solution is strongly alkaline. Amarine becomes strongly 
electrical by friction. Unlike its isomer, hydrobenzamide, it exerts a poisonous action 
on animals. 

Amarine is readily attacked by bromine, hydrobromate of amarine being formed 
together with a resinous mass. When it is boiled with a mixture of sulphuric and 
chromic acids and water, a brisk action takes place, and benzoic acid is abundantly 
formed. Nitric acid acts similarly, but less violently. Fused potash does not attadc 
it, save at a very strong heat. 

Amarine^salta are formed by the direct combination of amarme with acids. With 
the exception of the acetate, they are all but slightly soluble. The hydrocUoraie^ 
C**H“N*,HC1, crystidlises in small shining needles, which effloresce in vacuo, or when 
heated to 100^. When hydrochloric acid is poured upon amarme, a colourless oil is 
formed, which gradually solidifies on diying, and may be dra^ into threads when 
heated. It distils without decomposition, passing over as an oil which solidifies to a 
transparent mass. It is soluble in alcohol and ether. The ehloroplaMnaie serarates in 
yellow nce^es, when boiling alcoholic solutions of the hydrochlorate and of dichloride 
of platinum are mixed together. Fownes found in it 19*8 per cent, platinum; the 
formula 2(C**H“N*.HCl).PtCl* requires 19*68 per cent. The avt^hate crystallises from 
an acid solution in small colourlesf prisms resembling oxalic aci d. The nitrate is obtainde 
by treating amarine with hot dilute nitric arid; a soft, amorahous mass is produce^ 
which dissolves in boiling water, and on cooling deposits smaU crystals, whimi remain 
unritered in vacuo. The acetate is very soluble, and yields on evaporation a gummy 
non-crystalline mass. 

Biethyl amarine^ C*’(C*H‘)*H**N*. — Amarine heated with iodide of ethyl, 
yields a crystalline salt, which is the hydriodate of this base. The base itself is^ ob- 
tained by distilling the hydriodate with potash. It crystallises readily in oblique 
rhombic prisms, is nearly insoluble in water, but dissolves readily in alcohol and ether. 

It melts between 110*^ and 115° C. but does not solidify again till cooled down to 
70°. At a stronger beat it decomposes. The hydrocMorate crystallisez in oblique 
rhombic prisms. The plaiinum^salt is a yellow powder, insoluble in water and in 
ether, but soluble in alcohol, from which it crystallises in small prisms. (Borodine, 
Ann. Ch. Pharm. ox. 78.) 

^ Diethylamarino treated with iodide of ethyl yields the hydriodate of another ciystal- 
line base, probably triethylamarine, whiqii however has not yet been analysea, and 
this base again treated with iodide of ethyl, pelds a third crystalline base. (Borodine.) 

Trinitramariney C”H**(NO*)*N* (Bertagnini, Ann. Ch. Pharm. Ixzix. 276).— ^ 
This compound is formed from trinitroliydrobenzamide, with which it is isomeric, jnst^' 
as amarine is from hydrobenzamide. Trinitrohydrobenzamide is boiled with I voi 
caustic potash of 46° Baum 4, and 60 vols water; the resulting brown resinous 
mass (which becomes brittle on cooling) is dissolved in hot alcohri; a little eth^ 
added ; and the solution is precipitated by hydrochloric acid. The hvdrochlorate i« 
zedisBolved in alcohol, alcoholic ammonia added to the solution, and the precipitated 
trinitramarme is washed with water, and recrystallised from alcohol Trmitramarine 
is also obtained by beating trimtrohydrobenzamide in an oil-bath to 126^ — 180° C. 

It crystallises slowly from its alcoholic solution in white hard nodules. It melts in 
boiUng water, and dissolves slightly, forming an alkaline 8oliition.w It is sojn]^ 

In boiling alcohol or ether, most readily in a mixture of the two. A hot satujn&& 
solution deposits it on cooling as an amorphoim powder. 

Its salts m but slightly soluble in water. The Weparates in 

shining needles when hydrochloric acid is added to an sIcoIiqUc pf triniii^^ 

marine ; it is neorly insoluble in cold, slightly soluble in boiling vOcohot the 
^taUiSM m needles from boiling alcohoL An alcoholic SOludon of trinitnittS^’ 
^th rffcWm* yellow, heaTj ManlM&iiiHtabl. 

uta vttit Merourte cAforMb, . sonewhat cayetalline T. 0. ^ • 


. - -t ; -- " ":-' Her. Seient. *riii 2(17,' fteV* 
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■ppedtn on additkm of water, the amarone teparating out It disBolves sparingly in 
hot nitric acid, and ctystallises unchanged on coding. It ia not decomposed by bouing 
with alcoholic potash.— F. T. C. * 

A name given by Laurent to a substance which he afterwards found 
to be impure nitrate of lopnine. 


nr. Syn. with EBYTHRiK-BrrTBu or Picbo-sbttubxn. 

Syn. with Isaicius. 

Compact Felspar. 

aXOVB. A variety of orthoclase, coloured green by copper. It is 

found chiefly in the shores of Lake Ilmen in Bussia, also in Norway. It is used for 
making trinkets. 

Succin, Electrum, Ahutra fiava^ Bernstein^ AgUtein, gtlhet Erdharr^-^ 


A hard brittle tasteless substance; 'sometimes perfectly transparent, but mostly semi* 
transparent or opaque, and of a gl^y surface ; it is found of all colours but chiefly 
yellow or orange, and often contains leaves or insects. Its specific gravity varies from 
1 065 to 1*070 ; hardness 2 to 2*6 ; slightly brittle ; fracture conchoid^ It is susceptible 
of a fine polish and becomes electric by friction : hence the word electricity ^from 
ifAtxTpoy, amber). When rubbed or heated, it emits a p^uliar smell. It is Insmublo 
in water and alcohol, though the latter, when highly rectified, extracts a reddish colour 
from it. It is soluble in sulphuric acid, to which it impairs a reddish purple colour, 
but is reprecipitatod on addition of water. No other acid dissolves it, nor is it soluble 
in essential or enressed oils without decomposition ; but pure alkalis dissolve it. 

According to Berzelius, amber contains a volatilq oil, succinic acid, and two resins 
soluble in tJcohol and ether. According to Schroetter and Forchammer, amber when 
deprived by ether of all its soluble constituents, possesses the composition of camphor 
viz. 

The dry distillation of amber presents three distinct phases, characterised by the 
nature of the products. When submitted to the action of hea^ amber softens, rases, 
intumesces considerably, and gives off succinic acid, water, oil, and a combustible 
gas. If now 1^6 residue (CoSpAong ^ Amber) be more strongly heated, a colourless 
oil passes over. Lastly, when the residue is completely charred, and the heat is raised 
till the glass nearly ituea, a yellow substance sublimes of the consistence of wax. 

The ou thus produced is a mixture of several hydrocarbons. The more volatile portion 
wnich passes over between 110^ and 260’ C., je decomposed in the cold by sulphuric acid, 
and coloured blue by hydrochloric acid, and hj^riilorine; the less volatile portion produced 
by a heat approaching redness, begins to boil at 140^, and then rises to 300^ ; sulpbu* 
ric and hymvchloric acid and chlorine do not alter it. According to Pelletier and 
Walter (Ann. Ch. Phys. [3] ix. 89), these oils present the composition of oil of 
tumntine, containing 88*7 per cent of carbon, wd 11*8 of hydrogen. 

The crude mixture of the two oils is used in pharmacy under the name of oil of 
amber, being in fact one of the constituents of JSau de a preparation sometimes 
used os a remedy for the bites of venomous animals, and eonsisting .of 1 part of oU 
of amber, 24 of alcohol, and 96 of caustic ammonia. 

The wax-like solid which passes over in the dry distillation of amber is a mixtnra 
of oil, yellow matter, a white crystalline substance, and a brown bituminous substance ; 
these bodies are separated by treatment with ether and alcohoL The yellow matt^ 
rppean to be identical with ch^sene (C 94*4, H 6*8). It is scarcely soluble in 
boiling alcohol and ether, ia pulverulent rather than cryataUine, and requires fbr 
fusion a temperature of 240^ C. ^ 

The white matter CnuscUterene) is tasteless and inodorous, it is scarcely soluble U 
pold alcohol, but Utue soluble in ether, but more soluble than the yellow matter ; it 
melts between 160^ and 162<^, and distils above 300^. Nitric acid reainisM it 
in the cold. It contains^ according to Pelletier and Walter, 96*6 per oen^ of carbon 
and 6*6 of hydrogen. - . . 

When amber la treated with ftuning nitric aciA • » fonned (artifieW ttnak) 

, which ta eohibis in aa excess of nitric add, and contains . 

When powdered aaibev anjiistilled with a strong aolntacn of potadi. m 
passoa over, togetide widi fiHiko suhstaacs wliidt^Whibits all the pB Ope rtfa s of oom* 
■non camphor. 

Amber ommple^tMh^ in mgnlarvetw 
Pdamtffken aw €mis3wbsii^^ In Bast asAWeie i 

urheri lUuMhoibem ezfmids intoj 
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Cwplaii. in Siberia, Kamtschatka, China. Hindooatan, Mad^scar, N<^ 
and Groenland. In Britain it is thrown out by the sea on the shores of NorK)!!:, oumuk 
and Essex, and has also been found in the sands at Kensington. In the Boyal Cabinet 
at Berlin there is a mass of 18 lbs. weight, supposed to be the laimt ever found. 

■ Haiiy has pointed out the following characters by which amber may be distin- 
iruished from mellito and copal, the bodies which most closely resemble itt' Mellite 
M infusible by heat; a bit of copal heated at the end of a knife talces fire, melting 
into drops, which fiatten as they fall; whereas amber burns with spitting and frothing, 
and when its liquefied particles drop, they rebound from the plane which receives tham. 

Various frauds are practised with this substance. Neumann stat^ as the common 
practices of workmen the two following: The one; consists in surrounding the amber 
with sand in an iron pot, and cementing it witlva gradual fire for forty hours, some 
small pieces placed near the sides of the vessel Vftng occasionally taken out forjudging 
of the effect of the operation. The second iHethc^^ich heisays is that most generally 
practiced, is to digest and boil the amb^. twenty hours with rapeseed oil, by 

which it is rendered both clear and hard. 

The chemical properties and mode of occurrcQipi^ leave no doubt of its 

being the produce of extinct coniferse. It has bipflWiV^^v^oru or penetrating 
fossil wood exactly like resin at the present day^ cones and leaves of 

the trees. Numeious insects, the inhabitlbnts <tf ' these Mcient forests have been em- 
balmed in it. To the tree which principally pfodufeed it, Gloppert gives the name of 
IHnitea succinifer^ but there was probably more than one species. Amber is often 
stated to occur in the brown coal beds of Northern Germany, but Goppert states that 
he knows of no instance of this, the substance found in those beds beii^ retinite, 
(Handw. d. Chem. 2ta Aufl* ii 972; Dana, ii. 466 ; Gerh, iv, 394). 

AM 8BXORZS. (Ambra^ Ambra grUea\ is found in the sea, near the coasts of 
various tropical countries; and has also been t^en out of the intestines of the sperma* 
eeti whale {Fhyaeter maorocephdius). As it has hot been found in any whales but 
such as are dead or sick, its production is generally supposed to be owing to disease^ 
though some have a little too positively affirmed it to be the cause of the morbid 
affection. As no large piece has ever been found without a greater or smaller quantity of 
the beaks of tlie aeph cctopodia^ the common food of the spermaceti whale, interspersed, 
throughout its substance, there can be little doubt of its originating in tjie intestines 
of the whale ; for if it were merely occasionally swaUowed by the animal, and then 
caused disease, it u^ould much more finniuently be \idthoat these bodies, when it is 
met with floating in the sea, or thrown upon the sliore. 

Ambergris is found of various shses, generally in small fragments, but sometimes so 
large as to weigh near two hundred pounds. When taken from the whale, it is not so 
hard as it afterwards becomes on exposure to the air. Its specific gravity ranges from 
0*780 to 0*926. If good, it adheres like wax to the edge of a knife with which it is scraped, 
retains the impression of the teeth or nails, and emits a fat odoriferous liquid on bei;^ 
penetrated with a liot needle. It is generally brittle ; but, on rubbing it with the nail. 
It becomes' smooth, like hard soap. Its colour is either white, black, ash-colour^ 
yellow, or blackish ; or it is variegated, namely, grey with black specks, or grey with 
yellow specks. Its sniell is peculiar, and not easy to be counterfeited. At G. 
it melts, and at 100 C. is volatilised in the form of a white vapour; on a red-hot 
coal it burns, and is entfrely dissipated. Water has no action on it; acids, except 
nitric acid, act feebly on it ; alkalis combine with it, and form a soap ; ether and the 
volatile oils dissolve it; so do the fixed oils, and ammonia, when assisted by heat; 
alcohol dissolves a portion of it. ' * 

constituent of ambergris is ambrein (j. v.) Succinic and benzoic 
acids are said to be sometimes found among the products of its destructive distillarion* 
Its inoi^anic constituents are carbonate and phosphate of calcium, with traces of ferric 
oxide and alkaline chlorides. 

alcoholic solution of ambeigris, added in minute quantity to lavender .wate^t 
tooth powda^ hair poi^er, wash balls, dec. communicates its peculiar fragrance. Ife 
Mtau pnoe being in London a guinea per' oz. leads to many adulterations. Hiese 
Ci^ist of various mixtures of bewin, laManum, meal, dec. scented with musk. The 

ambergris exhibita, afford good criteria, 

joined to itesolubibty in hot ether and alcohol ^ . 

^has of^onally been employed in medicine, but Kise ta confined to Uw 
perfumeap. Swed iaurtoo k thirty grains of it without perceiving any aenaihle 

■ AMBSiWOOmTX. Ac ' ‘ ' ' — --w 


• j" j — '• yf^o^^’hrown spots. It occurs massive and 

108® lO'and 77’fiO'; 6 , 

»0^, tnnslamt; hudaen M.felspw; £irittk; .pwifle grsTiij «• 
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With lilli»t>lowpipe, and fbaes with a Teddish-yellow ^ogphorescence int^ a whila 
enameL It occurs in granite, with green topaz and tourmaline, at Chursdoif aiid 
An»dorf, near Pinig, in Saxony. A specimen teom Arsndorf analysed hv Rainindshei|( 
gave 47*16 phosphoric anhydride, 88*43 alumina, 7*03 Uthia, 3*29 soda, 0*43 potarii^ 
and 8*11 fluorine^ agreeing reiy nearly with the formula: 


(5A1*0*.8PH>* + 6M*0,8P*0») + A1»P« + 2MF, 

(Handwort d. Chern* 2t« Aufl. L 666 ; Dana, ii. 409.) 

Aimsuar. By digesting ambergris in hot alcohol, speciflo gravity 0*827i the 
peculiar substance, called atnbr^n ^ Pelletier and Caventou, is obtained. The alcohol, 
on cooling, deposits the ambrein ii& very bulky and irregtdar crystals which still retain 
a very considerable portion of Thus obtained, it has the following properties: 

— It is of a brilliant whit# colourj^^liee ati-sgrecable odour, of which it is deprived by 
repeated solution cmd ciystallifaticSif It.is destitute of taste, and does not act on 
vegetable blues. It is iuMluble but dissolves readily in alcohol and ether; 

and in much greater quimtity m>^#8e. liquids when hot than when cold. It melts lit 
30^ G. (86^ F.) softeni^ heated above 100^ 0., it is partly volatilised 

and decomposed, giving a wM^Vridoke. It does not seem capable ol combining 
with an alkali, or of Beii^' anponifl^ ^'When heated with nitnc ocid^ it beoomes 
green and then yellow, eliminate# p;aB, and is converted into an acid, which 

has been called ambreic acid. This agid is yellowish white, has a peculiar odour, 
reddens vegetable blues, does not m& at >100^ C., and does not evolve ammonia 
when decomposed at higher temperatures,. It is soluble in alcohol and ether; but 
slightly so in water. Ambreate of potassium forms yellow precipitates with chloride 
of calcium, protosulphate of iron, nitrate of silver, acetate of lead, corrosive sublimate, 
protochloride of tin and chloride of gold. (J. Pharm. v. 49.) 

Ambrein is perhaps impure chdesterin, which substance it greatly resembles in its 
properties. Pelletier (Ann. Ch. Pharm. vL 24) ‘found it to contain 83*3 p. c. C, 
13*3 H, and 3*32 O, which is nearly the composition of cholestcriu : if this be so, 
ambreic acid is probably identical with cholesteric acid. 


41JNnBT8J8jmi. A name applied to the ethers of the amic acids, e. y. oxamethane 
to oxamate of ethyl. (See Amic Acids.) - • 

AWTBTBTST. The amethyst is a gem of a violet colour, and p;reat brilliancy, 
said to be as hard as the ruby or sapphire, from which it differs only m colour. This 
is called the oriental amethyst, and is very rwe. When it inclines to the purple or 
rose colour, it is more esteemed than w’hen it is nearer to the blue. These amethysts 
have the same figure, hardness, specific gravity, and other qualities, as the best sup* 
phires or rubies, and come ffom the same places, particularly from Persia, Arabia, 
Armenia, and the West Indies. The occidental amethysts are merely coloured ciystals 
of quartz. U. (See Quobtz and Safphibb.) 

AMIHWTgOCT, A variety of Hornblende (g. o.) 


Mountain flax. (See Asbbstos.) 

gff By this name are designated a class of nitrogenised acids, which 

differ &om the acid ammonium-salts of polybasic acids by the elememts of one or more 
atoms of water ; and which, under certain circu m sta n ces, aoe capable of taki^ up the 
elements of water, and r^^nerating ammonia and the on^pnal non-nitrogenised Pplj^ 
basic acid. They bear a considerable resemblance to amides in them nuMies both of 
formation of decomposition : but lljey difffer ffwoi these bodies in possessing 
invariable and decided acid properties, and in not deriving fri>m the type NH*. 

With regard to their oonstitatioii, amic acids are best regarded as deriving from 
the doable type NH*,H*0. They represent this type in whmh 2, 3. or 4 atoiM of 
hydrogen are replaced by other radicles, one of which must be theradicl# of a i^ybaaw 
acid *. and they ^y be divided into 3 classes, apeording as 2, 3, or 4 atoms of hydrag^ 
are eo radiaoed. In class 1, therefore, it is obvious that 2 atoms of hydrogoo m 
^ placed bv 1 diatomic acid ndide; in class 2, three of 


the type must be 

and’^M ^ I 
2 atoms of liydgoiffm. in tlto 
the radicle of a awiiolmsio 
of that arid. Ao. S " 


triatomie, or by 1 diatomic and 1 monatonue acid tadi^; 
ned by substitution of an acid radicle of less 
if I atom of bydrt^^ in NH*,H*0 be r— 
the only lamlt is the foanatioo of the 


. .. . Ace^l*;. 
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can M amic acid be formed by r^plam^ 2 atoma hydrogen m iha^^ ^ 
2 monatomic acid radielee; for when benzote anhydride le bva^ mtb ammiirti a, Ota 
2 of benzoyl, each equivalent to H, do not remain combmed, fttrauM m aano aet^ 

but separate, forming 2 distinct compounds, benzamide and benzoate of ammomnin: 

(CB'C)*.© + 2NH* - ir.C»H*O.H» + C’H'O.NH*. O 

Benzoic anliyd. Benzamide. Benzoate of amm. 

But when a dibasic anhydride is treated with ammonia, the acid radicle, equivalent to 
IP. being indivisible, is incapable of separating so as to form two distinct compounds; 
BO that a single compound is necessarily formed, the ammonium-salt of an amic acid : 


S0*.0 4- 2NH* *-,3SrH».SO^H.p 
Sulphuric - SalphamWto-oT ‘ . 

anhyd. . W *^'>4 

Hence it follows that a monobasic acid is incapably 


_ ^ amic acid : in fust 

possession of this property is perhaps one of the distinguishing characteristics 
of poly basic acids. 

We now proceed to describe the modes of formation, properties, and reactions of 
amic acids, dividing them into 3 classes, according as 2, 8, or 4 atoms of hydrogen are 
replaced in the type. 

Class 1. They represent the type NHHH HHO in which 2 atoms of hydrogen aie 
replaced by one diatomic acid radicle : 


Sulphamic acid . 


. NH.H.SO*H.O 


Carbamic acid 
Oxamic acid 


NH.H.CO.H.O 



NH.H.C»0*H.O 



Succinamic acid ••••••• 

They are formed — 1. By action of heat on the acid ammonium-salt of a dibasic acid: 


C*0*.(NH")H.O* - H*0 

Acid oxalate of amm. 


sH m 

Oxamic add* 


In some cas^ e. g. comenamic acid, NH^C*H^O*.H.O, prolonged boiling of the am* 
monium-salt with water is sufficient. 

2. By action of ammonia on anhydrides : 


C**H“b*.0 + NH* « NH*.C**H»*0* H.O 

Camphoric Camphoramlc acid, 

anhyd. 

The best mode is to dissolve the anhydride in absolute alcohol, and to lead di^ 
ammonia into the solution. The reaction takes pUu:e with 2 atoms of «.niTnf>ni«^ an 
of ammonium being formed. 

8. By action of ammonia on acid salts of organic radicles : 


^‘0.(C!H*)H.O* + NH* - NH«.C»H*O.H.O + OH'.H.O 

S.l.clmnic«*l. Mjggl. 

4. By action of aqueous ammonia on ethers of dibasic adda. (Herhardt OhfaL 
vtg, ly, |k. 668 .) 


<W‘0«.(C®‘)*.0* + NH» + H>0 


SebaiiilpUd. V. AlooM, / 


dUute ammonia, take up HTO, and fisrm amic adda : 
tt a l a mide a cihibit the same reaction : 


Succinimide. 


M m 

nh*.c*h‘o*!h.o 

SCKcliMMt* acM. 
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m 


K.C‘H«0*.Ag. + HH) > NH*.C*H*0*>AiO 
Argento^tuccint- Suceliuiiist* ofMlr«r. 

mlde. 

6 . Some pnmaiy diamidea, boiled vith minenJ amda or alkalis^ take up H* 0 , and 
form amie acida, or amates of ammonium: 


+ H*0 - NH* C*H^O«.H.O + NH* 

Malum ide. Malamtc acid. 

(Aftparaglne.) (Aapartic add.) 

7. Some amie acida are formed by the action of hydroaulphurio add on nitro-eoi^u* 
gated acida: 


C’H*(NO*)O.H.<f> NH’. C’H*O.H.O + 2H*0 + 8S 

Nttrobensoifrifi|i|^^^v; Oxjbensamic aciA 

The acid thua formed A' eigomonly called benaamic acid; an impossible nanSliL aa 
benzoic acid is monobasic, we regard it aa the amie acid of oxyl^naoie awdi 
a diatomic acid, although it does not form acid aalta. Strecker regafda 
ibia amie acid as phenylcarbamic acid, KH.C*H\CO.H.O. 


Class 2. They represent the type NHHH HHO in which 8 atoms hydrogen of are re- 
placed ; (a) by 1 triatomic acid radicle, (b) by 1 diatomic and 1 monatomic add radidey 
(c) by 1 diatomic acid, and 1 monatomic basic radicle. 

a. 3H are rt^laced hy 1 triaUmio odd radicle: 


Fhosphamic acid, KH.PO.H.O, formed by the action of ammonia on phoaphorio 
anhydride : 

F*0» + 2NH* » 2(N.HPO.H.O) + 
b. 3H are replaced by 1 diatomic and 1 monatomic acid^adicle : 

T — 

Benzoylaalicylamic acid . • • 


NH.C»H»O.C»H«O.H.O 


Sulphophenyl-auccinamic acid 


NH.C*H»SO*.C*H‘0*.H.O. 


Obtained by boiling certain tertiary amidea with aqueous ammonia (Gerhardt and 
Chiozza): 

r • r 

N.C*H^0*.C«H"0* + - NH.O*H»SO» C«HK)»NmO. 

Solpbophenjl'tttceliui- aalphopbanyl-succfitamate of amin. 

mldo. 

Q. 8H are replaced by 1 basic monatomic and 1 acid diaiomio radicle : 

Ethylozamic add • • » ' • • 

Fhenylanlphamic (snlphaiiilic) add « • 


2ra.C*H*.OH)*H.O 

4M m 

K£cOTio?5.o 


Fhenylzacdnamic (succinanilic) add • . . 

These eompounda (which may be called alkalamio adds) are obtained hy the eemo 
te a ctio na that serve n>r the formadon of adds of dees 1, a primaiy a m i n e being sob- 
edtuted for ammonia: 

1. By heating the add salts of organic alkalis: 


c 6*.K(CH»)H* 0» - H?0 « »rH.CH* CWH,0. 

‘ ‘Bofmo- Motbjrlezsmlc add. 


X Bjy aetiiMi of pnmsxy aminss on dibsde md^^diidse : 

m ■ m . 

o>fro*.o + K,o«»ja» - 

PtM^rWeeu I1»mplpffeiMCnsBle sdi* 

• . ■ ■■ ■ M.4 ■■ 
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$y By beating alkalimides with dilute ammonia : 

N.C*H* + BPO - NH.C»II*C‘HWaO. 

Pheiijrlmalatnide. Phenjrlmaljitnie acid. 

Class 3. ITiey represent the type in which four atoms of hydrogen ar^ 

replaced by other radicles, one of which must.be a polyatomic acid radicle. The only 
known members of this class are a few phenyI>compounds ; phenylcitramic acid, 

is an example. 

There are also certain nitrogenised acids, which either exist ready formed in nature^ 
or are products of the decomposition of other compounds^* which we may regard as 
amic acids. Thus glycocoU, C®H*NO*, is the amic acid of glycoUic acid,C^*(XH* O*, 
and maybe written IS H* 0*11 O.IIO. Hippuric, choleic, and other acids may also be 
regarded as amic acids ; but their constitution is as yet but imperfectly understood. 

Amic acids are distinct monobasic acids : they form * well defined salts, which are 
generally more soluble than those of the corresjionding dibasic acids. They are mostly 
solid, ciystaUine, not volatile witliout decomposition. .When heated, many of them 
Jose the elements of 1 atom of water, and are converted into imides: others are decom- 
posed into a dibasic anhydride and a primary amine. When boiled with mineral acids 
or alkalis, they mostly take up the elements of 1 atom of water, and regenerate the 
cowesponding dibasic acid, and ammonia or a primary amine : in some cases, the mere 
boiling of their aqueous solutions suffices for this reaction : in others, fusion with solid 
potash IS required : 


NH.C«IP.C^IIW.H.O + H*0 « 

PhenyliULcinamic acid. Succinic acid. Phenylam^ne. 

woJut?o^f nUr^ger*^”^ regenerate the corresponding dibasic acid, with 

Nl^C*H<ot£o + NHO» - H« O* + N* + H»0 

Maiamlc acid. * Malic acid. 

*>• salts of alcohol-radicles, * These 
galled urethanes (or amethanes), the former name having . 
® discovered, carbamic ether. They are formed by the in? 

complete action of ammonia on the ethers of dibasic acids : ^ 


C*0»(C*H*)« O* + KH* 

Oxalic ether. 


. Nmc*02,C*H» o 

Oxamic ether. 


+ C*H* H.O. 

Alcohol. 


^ey are isomeric with alkalamic mads. WheJi hofled with water ...M. or alkiilia 
they we eonrerted into dibasic acids, alcohol, end ammonia: ' 

NmCTO>,OTI*.0 + 2H»0 - C»0».H*0-' + C»H*.H.O + NH* 

Oxamk ether. Ox^iewM. Alc^l 

Excess of ammonia converts them into primaiy diamides {q. e.) _ F. T. C, 
of t^mnU^the produced by the action 

The foUowing bodms belonging to this class are already kn^ ; 


Anisammo, CH’'N0 _ 
Dianisamine, C'*H“KO* a 
Diglyeolauine, C<H»K0< a 
filyeeramine, C*HWO* a 
CVNO* 
TriglyenUminc, C*H“NC)» 


(CH*) )N. ,.^5H»N 

H« Jo* *yP*jH*0 

H* }o» 

(C*H*)«>N 

H* Jo* 

(C%‘) (N 
H‘ {O* 

H iO*. 

(C%<)» m 

H* (0*i 


s(ao)} 
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AMOIML Axomomm, KHEH, it capable, under certain ciivamttancea, of ea- 
ebanginff each atom of ite hydrogen succeistiTelj for a meta}, or for a compound radicle, 
acid or basic, — thus ^ving rise to a numerous class of compounds, all deriving ftom 
the same type, NHHH. The earliest discovered of these compounds were some of 
ihose in whi^ one atom of hydrogen was thus replaced, e. ^ NHHK, which was re* 
garded as a compound of NH* (twudoffren) with potassium, NH’K, and called amide of 
potassium, analogue to thp i^anide, CNK. In process of jbime, compounds came to be 
discovered, deriving from the type IfHHH, in which 2 oy 3 atoms of hydrc^n were 
replaced by metals or compound, radicjes, to which the nam^ amide in its original sense 
of a compound containing jamidogen, NH* was plainly inapplicable ; accordungly these 
compounds were designated by other nan?^, imides^ nitriUet &c., the introduction of 
which has caused considerable confusion, since they in no way indicate the common 
derivation of all these compounds. 

Of late years attempts nave been made, chiefly by Gerhardt, to remedy this confix 
sion, by assigning to this numerous class of compounds a rational constitution which 
sliull render evident their^icoinibon derivation, and a nomenclature by which this con- 
stitution is at once expressed. These attempts have been attended with considerable 
success : and the classificatiop adopted in this article is based upon that given by 
Gerhardt and Chiozza (Ann. Oh. Phys. [3] xlvi.), certain modifleations being 
introduced where greater clearness seems thereby to be attained. 

Since the hydrogen In ammonia is capable of beiu^ replaced either by aqid- or by base- 
radicles (simple or compound), theflrst obvious division of the compounds thus formed 

i.s one based upon the nature of the radicle which has been substituted for hydrogen. 
These compounds thus fall into three great divisions : 

1. Ammonias in which 1 or more atoms of hydrogen are replaced by an ac/d-radicle. 
To this division we propose to conflne the name of amides. In the case of each in- 
dividual member of the class, the generic name is preceded by a prefix, which indicates 
the particular acid radicle or radicles containea in the compound, e,g, acetamide 
N.C*1P0.HS diacetamide N.(C*^H»0)“H, &c. 

2. Ammonias in which 1 or more atoms of hydrogen are replaced by ftasc-radicles. 

This division we call amines. For examples of the nomenclature of individuals, 
w^e may tulce polaasamine, ethylamine, methylethylamine, 

H, &c. 

3. Ammonias in which 2 or more atoms of hydrogen are replaced by eicid- and 
liise-mdidee. This division we call alkalamides. Examples are ethylacetamido, 
N.CnP.C*H»O.H, ph^yldibenzamide, N.C«H*.(C'H»0)* 

This primary classification enables us to perceive in compounds deriving firom the 
type ammonia, the same seriation of properties which was first pointed out 

by Gerhardt in the compounds deriving from the type oxide, OHH. As in tlie latter 
case, we have metallic oxides (bases) occupying the positive extreme, acids the nemtive 
extreme, while the middle place is filled up % salts, containing at once an acid- and 
a base-radicle ; so in the former case, we have aminos at the j^sitive extreme, amider 
at the negative, and alkalamides between the two extremes, 

A further ground for division is furnished by the fact that amides, amines, sn^ 
alkalamides may derive from 1, 2, or 3 molecules of ammonia, according as they cou< 
-tain monatomic, diatomic, or triatomic radicles. Hence we have a further division oi 
amides into 

1 . Jtfonamtdes (or amides), deriving from 1 mol. ammonia KHHH. 

2. DiamuUe „ „ 2 mols. „ 

3. THamidea „ „ . 3 mols. „ 

The same subdivision applies to amines and alkalamides. 

In each of these types, HHHH, N*H*H*fl*, one third, two thirds, or tli4 

, whole of the hydrogen may be replaced by acid- or base-radicles : hence arises a furtbei 
division of amides, diamides^ ana triamides into : 

1. Primary f in wh, ) of the hydrogen is replaced, NAHH, lf*A"H*H*, N*A'*P**H*. 

2 . Secondary, in wh! | of the hydrogen is replaced, THA^E, H*(A-)*H* ^^*(A'^)»H•. 

/ 3. 2hr^ry, in wlu the whole of the by drogen is replaced, NA*, 

The same snbdivisum ap^ies to amines, gnd (partially) to alkatamid^ 

Having thus indieatea the general principfes of dassiflcatioii which we adop^ w« 
now prooM to the more detaued consideration of amides^ aminee. and alkalsmMea 
dt is lAt'otir pinpose to give a eomplete list of these oompounds^ hot m erely to cm a 
endieicat nunber of them to illnstn^ oar-dasriileation ; and to emnee ra t^tlie y a* 
ei]pil feaetioni by vHddi the ibnnstioB Mid decomposition of esch grm^ is cmcMt l 
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Akids§l 

21 Mottftmldes or JLmldes. 

1, IPrimary Amides, They represent 1 molecule of ammonia^ id which t atom of 
hycbogen ia replaced by a monatomic acid-iadide (of a monobasic add): 

. N.C*H»O.H» 

. N.C*H*O.H* 


Acetamide^ 
IVoplonanude « 
Eenzamide • 
C/anamide 
Sulphophenjrlamide 


N.CN.H* 


Thej differ from the ammomum-ealt of their adds in containing the element of 
1 atom of water less : 

C*IPO*(ra^) - H*0 « N.C*HK).H* 

Aeet. amni. Acetamide. 

They are formed ; 1. By the action of ammonia on anhydrides (Oerhardt). 

{C»H»0)»0 + NH» - CmK),K,0 + KC"H»O.H* 

Bentolc anhjrd. Beozoic acid. Beniamldt. 

2. By the action of ammonia (Liebig and Wohler), or of carbonate of ammonium 
(Q erhardt) on the chlorides of acid*radicles : 

CNa + *= Ha + N.CN.H* 


Chloride of 
cjanogen. 


Cyanamide. 


This method is especially adapted to the formation of those amides which are insoluble 
or nearly so, in water. 

3. By the action of ammonia on ethers : 

aH»o.aH*.o + NH* « aH*o + n.c*h*o.h» 

Acetic ether. Alcohol. Acetamide. 


This method is peeiiliarly adapted to the formation of soluble amides. Glycerides^ 
with ammonia, also yield an amide, and glycerin. (Bert helot.) 

4. Some primary amides have special methods of formation : e, g, benzamide ia 
formed by oxidising hippuric acid with peroxide of lead : 

+ 30 «. + 2C0» + H*0 


Primary amides are mostly solid and ciystaUine, easily fusible, nentral to test paper, 
volatile without decomposition. Some of them, e, g, acetamide, combine with acids : 
others e. g, benzi^de^ can exchange 1 atom of hydrogen for a metal, forming metallic 
salts, or alkalamides. They are generdly soluble in alcohol or ether : some in water. 

HeactioTis, — 1. Boiled with acids or with aJlcalw (some with water), they take up 
H^O and regenerate the acid and ammonia. 

^ 2. Treated with phosphoric anhydride, they lose H*0, and yield the corresponding 
nitrile. The same reaction frequently takes place when they are passed in the state of 
vapour over caustic lime. 

- H*0 » N.C*H» 

Acetamide, Aceto- 

nitrile. 

8, Treated with pentwhloride of phosphorus, they behave as though thqr wm 
oxid^ yielding oxychloride of phosphorus, and the chloride of the radi^ whiw Aar 
may be supposed to contain, if derived from the type HHO (Gephardt) : 


c^*N.H.o + po - pa»o + Ha + crsw.a 

Bcosamlde. Chloride of 

bensemyL 


4 . With mtwwacid they yieMtheireom^ndiiigadd, with ewlatioiirfintwgBn; 
^•an* + KO*H - NM + HH) + 

wvuMoiiw. Bentolo 

add. 

^ molecule iniAkhZ atom 



iVi 

, V at^ r^^ieto€d by 2 fwmaiomh 

Piacetainide N.(C*n*0)* H ^ 

Sulphophenyl-beiuamide , • • . N.C*H*SO*,C’H*O.H 

They are formed: 1, By the action of chioiides of acid-radidefl on nzimarr auidaii. 
or then: metallic salts (Gerhardt) : 

N.C*H*SO* H* + (?HK).a » HCl + N.C*H«SO*C»IPO.H, 

SulpbophenyUniide Chloride of Sulphophenyl-beiieeinlde. 

bentoyl. 

2. By action of dry bydrochlorio acid on primaiy amides, at a high temperature 
(Strecker): 

2(N.C^»O.H0 + Hd - NH*C1 + H 

Acetamide. Xjlacetamlde. 

These amides are readily soluble in ammonia^ They exhibit acid properties, red- 
dening litmus, and exchanf^ng their remaining atom of hydrogen for a metal : tho 
metallic salts thus formed dissolre in ammonia, producing compounds which Qerhardt 
regards as dialkalamides, but which, as they contain only monatomic radicles, it it 
perhaps preferable to regard as monalkalatnides containing a compound ammonium : 

N.CWa»SO*.C’H*O.Ag. + NH* - N.C«H'‘SO».CrH»O.NAgH* (monalkalamide). 

or N* C*H*SO* C'H*O.Agi» (dialkaUmide). 

According to Gerhardt (Ann. Ch. Phys. [3] liii.), pentachloride of phosphorus acts 
on secondary amides in the same way as on primary amides : 

N.C«H*SO».C’H*O.H + PGP - PC1*0 + HCl + N(C»H»)(C*H»SO*)a 

Sulphophenj’lbeDMmide. Chluiid^of f uj^^pheoyl- 

and the chloride formed is decomjKMed by beat: 

N(C’H‘)(C*H*SO*)Cl » KCOI* + C«HSO».Cl 

Bento- Chloride of 
nlcrila lulphophenyl. 

h, IP are replaced, by 1 diatomic radicte. These are the bodies generally called 
imidee, being regarded as containing imidogm, NH. Though we rej^ this Tiew of 
their constitution, we retain the name for eonyenience sake. 

Oarbimide (cyanic acid) N.(CO)".H 

Succinimide N.i C*li*0*y' . H 

Camphorimid . N.(C‘«H'‘0*)-.H. 

Th^ differ from the acid ammonium-salts of their acids by containing 2 atoms of 
waterless: 

Q*IL*0\Ba*)U - 2H*0 -r N.C«HHP.H 

Add lueclntte of Bucetbiroide. 

ammonium. 


They are formed much more easily than secondmy amides (a); 

1. By heat^ the acid ammonium-salts of dlbiiBic acids. 

2. By beating primary diamides ; 

+ NH*. 

Succfnaml^. Sucdnirofale* 

8. By beating amic acids (Laurent) : 

N.C»*BPKP.H*.H,0 - HK) + N.C>*H»0*.H 

Ctmphortmie add* Camphortmlde. 

4. By healing dibasic anhydrides with am mo n i a: 

C*H*0*.0 + NH* - H*0 * N.C^K)*.H 

8uceinfc«Dby- SueelDlmhla. 

dride. 

Imides possesi decided acid properties, and readily mmhange their basic ItydrogSB 
ioK a metal ; carbiinide in fact is ioentical with cyanic acid. 

BeaeUone, — 1. Boiled with adds or aOmlis, they take up 2H*0 and r«>geDecate the 
dibasie add and ammonia; 

K.O«HWH + 2BTO — + NH*. 


aide add: 


ainides (a) also exbifall this leactiom - 

i with d iHrt e they fbrm tiie ammomnin-isli cf the conmapoiimf 

BxmsyM ^ jm*MO -> 
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3. Tertiary Amid€S.--They^ r^resent 1 molecule of luiunoiiia, in ‘wBieh all the 
hydrogen is replaced i (o) by S monatomi<^ (^) by 1 diatonuc and 1 monatomic, (c) by 
1 triatx>mic, acid-radide : 

H* are r^laced liy 3 TuonatomiG radiclee : 

Sulphophenyl-benaoyl-acetamide • • N#0*JEf*S0*,C*H*0.C^*0, 

b, H* are replaced by 1 diatomic and 1 monatomic radicle: 

Sulpbopbenfl-succiudDude . • . N,C*H“SO*,(C*H^O*)* 

They are formed by the action of chlorides of acid'^radidee on the metallic salts of 
secondary amides (tertiary alkalamides) : 

N.C-H-SO® G’H‘O.Ag + C*H»O.CI « AgCl + K<?»H»S6* C'H*O.C*JBPO 
N.C^H'O* Ag + C-H"SO* Cl - AgCl + N.CWO* C-H»SO*. 

Their reactions are but little known. Boiled with dilute ammonia, the amides of class 
(6) give the ammonium-salt of the corresponding amic acid ; 

+ NH^H.O « NC^H^O* C•H*SO*H.NH^O. 

Sulpl)oph«nyl-8uccljia- SulphophenyUftuccfnkmate of 

miiie. ammouium. 

c, H* are replaced hy 1 triatomic radicle. To this group, by their reactions and 
mode of formation, the following mineral compounds belong : 

K.(PO)'" . Gerhardt’s biphosphamide (phosphorylamide) ■» PO^(N“H^)H* — 3H*0 
N,N’."' , Free nitrogen (Nitroso-nitrile) *= KO*.NH* — 2H*0 

N.(NO)'" , Nitrous oxide. (Nitro-nitriJe) ■■ NO*.NH* ^ 2H®0, 

II. Biamtdes. 

1. Primary Diamidee, — They represent 2 molecules of ammonia in which 2 atoms 
of hydrogen are replaced by 1 diatonuc acid-radicle. 

Sulpbamide N^.{SO*y\H« 

Oxamide 

Succinamide N*. (C^H*0*)MI* 

Carbamide (urea) . . , , 

They differ fiom the normal ammonium-salts of their acids in containing 2 atoms of 
water less : 

C“0<(NH<)* — 2H«0 « K* C*0* 

Oxalate of Oxamide. 

ammonium. 

am fbrmed— 1. By the action of .mmoni. on ethers : 

C'0<(C»H*)» + 2NH* » ZC'H’O + N*.C*0*J[* 

Oxalic ether. Oxamide. 

2, By the action of ammonia on chlorides of acid-radicles i 

C<H<0*.C1* + 2KH* 2HC1 + N*.C<H<0* H« 

Chloride of Succinamide. 

■uccinyl. «uvw««uiw. 


3. By heating normal ammonium-salts of dibasic acids (Bumasl 

4, By the action of ammonia on imides (Wohler) : ' 

N.CO.H + NH« -« N*.CO.H« 

Carbimide. Carbamide. 

«Itydrid«^ not prim«y di«nMe^ but ^ 

9 of them, when heated, ’ orolTe anunohia and yield 

^^iled with «nds or alkdis, they take up 2EPO. and legenerate aSd 

N*.C*0*.H« + 2H?0 -« C’O^.H* + 2NH*. 

"*“*“** “““ <rf nitnv.* 


+ O«0*.H» + 2H*0. 

v^wnioe. Oxalic arid. 

Intennediate between primaiy and sccondaty diamidea must be -t-— ^ the bodies 
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lately discoTered by Zinin (Ann. Ch, Pbys. [3] xlir. 57\ wbich he deeeribea ae 
ureas, in vrliich 1 atom of hydrogen is replaced by an acid mdicl^ They are of eoorae 
diamides, in which 3 atoms of hydrogen are roplaced, 2 by a Atomic, and 1 by a moir- 
atomic radicle. 

Acetocarbamide (acetyl-urea) • N*.CO.C*H*O.H* 

Benzoearbamide (benzoyl-urea) . • , . ^ N^CO.O'H'OJP, 

They are formed by the action of chlorides of acid-radicles on urea : 

N«.CO.H* + C*H*O.Cl - Md ‘+ N* CO.C*H«OH» 

Carbamide. Chlorldn of Acctocarbainlde* 

acetyl. 

Attempts to replace more than 1 atom of hydrogen in urea by an acid-radide, harsi 
hitherto failed. 

. These bodies are cxystallisable, and do not combine with acids. They are not 
volatile, being decomposed by heat into cyanuric acid and a primary amide : 

3{N* CO.C»H»O.H») - C N*0*H> + 3(N.C*j&»0.H^) 

Acetocarbamide. Cyanuric arid. Acetamide. 

Here too must be placed Qerbardfs phosphamide (Ann. Ch. Phys. [3] XTiii.)-— 
N^(PO)'".H*, formed by saturating pentachloride of phospnorus with ammonia, and boil- 
ing with water : 

PC1» + 2NH* + H*0 « N*PO.H* + 6HCL 
It differs from monacid phosphate of ammonium by the elements of 3 atoms of water; 
PO\NH^)*H - 3H*0 « N*.PO.H*. 

2. Secondary/ Diamides. — They represent 2 molecules of ammonia, in which 4 
atoms hydrogen are replaced by 2 diatomic acid-radiclcs, or by 1 diatomic and 2 
monatomic radicles. 

None of these have yet been formed. (Handwb.) 

3. Tertiary Diamidea. — They represent 2 molecules of ammonia, in which all 
the hydrogen is replaced by acid-radicles, one of which at least must be dibasic : 


Trisuccinamide 

Succinyl-disulphophenyl-dibenzamide . N*.(C*H'*0*),(C*H*S0*)*,(C’H*0)*. 

They arc formed by the action of chlorides of acid-radicles on the silver-salts of' 
secondary amides : 

2CN.C*n^O*.Ag) -1- C^H^O*.Cl* + N*.(;C<H«0*)* + 2AgCL 

Argentutuixinsroide. Chloride THiwc- 

.oF flucctnyl. cinamlde. 


HI. Vriamidaa* 

1. Drimary Triamides . — They represent 3 molecules of ammonia, in which 8 
atoms of hydrogen are replaced by a tnatoinic acid-radicle : 

Phosphamide .... m 

Citramide N*.(C*H*0*) .H, 

They differ from the normal ammonium-salts of their acids by containing 8H*0 IsMS 

C^W(NH^)* - 3H*0 

Citrate of amtn. 

Phosphamide is formed by the action of ammonia on oxychloride of phosphorus : 
POCP + eNH» » 3NH<C1 + N*.PO.H*. (Schiff. Anu. Ch. Pharm. ci, 800.) 
Citramide is formed the action of ammonia on citric ether : 

8NH* - N».C*HH>^Hf + 3(C»H*.H.O) 

citramide. AUsohoL 


Citramide. 


c«a*o«.(C*H*)».o* 

Citric etiter. 


EMted vith Mida <» dialup tliey tak* np 8HK>, and zagenerate thair acid wd 

3 mols. ammonia, in whirii 


ammonia. 

2 . 

8. ,, 

by acid-radiclee, one of which at least must be triatomic. 
No member either of these grou|d has yet been 


2. Secondary ZVf om^<ees.)Th^ represent respectively 8 mo^ ammoi 
8. Tertiary Trtantides, { two-thirds and the whole of the hydrogen 


is replaced 


Oerhardt (Chim. <n«. iv. p. 767) wgerdi mekm, OTW. as a pidnm . 

V . _ giinit the ejustenoetff a triatomic ladic^ OW, and 


aprinsaiy triamld^ 

JP.UW.JBL*: and indeed we may admi t tne cju esence m a mwwdc radic^ O W, a^ 
Kgaid l^dzocTMiiB add aa tnliaaia^ OTSOT: othanAawak 
e,«^a <2r CV*FeK*, preaent (b* MKnaaW of bodlaa danTUS n»» • 

type and y^ containing only mcfiatmnie ladiclea 
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AxXNSflL 

I: BKonaiiilaet or Amlnoi. 

■ 1. Primary Amines. — The/ representl molecule of ammonia^ in whieih 1 atom of 
hydrogen is replaced by a monatomic base-radicle, whether a metal or an otganio 
i^clei. They are sometimes called ^ 

Potassamine , • « . N.K.H* 


Platinamine 
Methylamine 
Ethylamine 
Phenylamine (Aniline) 


[pt 

N.CH-.H* 


’ iPt » 49'3] 


Primal/ amines containing metals are generally obtained by the action of ammonia 
on the metal or its oxide. Zincamine is formed by the action of ammonia on Mine- - 
ethyl ; ZnV^H^ + jVH* » -f NZn'H'i — When treated with water or acids, 

they are mostly decomposed, lihe primary amides, yielding ammonia and the hydrate 
of the metal. 

Primary amines containing organic radicles are formed : 

1, By action of ammonia on hydrobromic or hydriodic ethers (Hofmann) : 

CH»I + NH» « HI + N.CHf H» 

lodldt! of Methylamine. 

methyl 

2. By action of potash on cyanic or cyantiric ethers (Wurtz): 

N.CO.CH* + K«H*0* « CO.K* 0* + N.CH» H* 

Cyanute of Carbonate of Metliyl- 

poUfsium. amine. 

^ 8. By action of reducing agents, viz. alkaline hydrosulphates (Zinin), acetate of 
iron (B 4 champ), on certain nitro-conjugated hydrocarbons: 

CW(NO*) + H« « 2H*0 + N.C-H».H* 

Nilrobeiizeue. Phenylamine. 

Their formation is also observed in the diy distillation of several nitrogenised organic 
substances. (For the various modes of formation of monamines in general, primarv. 
secondary, ^d tertiary, see K4kul4, Lehrb. d. org. Chemie, pp. 461—456.) 

These primary amines are mostly liquid, boiling at a low temperature, and volatile 
jnthout decomposition. They strikingly resemble ammonia in all their properties: 
uke it they have a strong alkaline reaction; they combine directly with acids, forming 
salts, whence they are expeUed by the fixed alkalis; they precipitate metallic solu- 
tions ; with anhydrides, ethers, and clilorides of acid-radicles, they react precisely like 
ammonia (forming alkalamides, j. i>.), and with hydriodic ethers they fom diamides. 
With nitrous acid they yield nitrous ether or alcohol, with evolution of nitrogen ; 

N.C^II* + 2N0’‘H = NN + 2H*0 + NO*C»H» 

Kthylanihie. Nitrous ether. 

N.C-HMI* + NO*H « NN + H*0 + C«H«0 


Ph«nylauiiiie. 


Pheuylic 

alcohol. 


In this group must also be included those amines whose radicle contains chlorme. 
bromme, lojUn^ or nitryl (N0>), substituted for 1. 2. or 8 atoms 
Dichlorethylamme. m /m,i i. 






b:^u*ene ‘ 

mole^e of jmtaoDu, in which 
oalledlmiiie-dasZ. ^ aonatomic base-radicles. They are sometimes 


N.(CIP)*.H. 
N.CH».C*H*H. 


eailed Imide-dases. 

Dimethylamine . 
Methylethylamine 

1% n rf kVa** 



, AiMnrp|sis» 

in pcapertief and leactiont, thaj doadj raaemblQ primaiy hok the^ aM In 

general leas Tolatile* 

We must regard aa aacondAiy aikunea two aUcaloida^ wbidi ImTi not yet him 
formed aztifleially: 

Piperidine . . • • • 

Conine 

The chemical relations of the radicles contained in these compounds are as yet 
unknown to us ; and we cannot determine whether they are singm lUatomic radioMi 
or whether they axe made up of two monatomic radides. 

■ 3. Tertiary Amines , — They represent 1 molecnle of ammonia^ in which all the 
hydrogen 18 replaced; (a) by 3 monatomic, (6) by 1 diatomic and 1 monatomio^ (f) ^ 
1 triatomic base*radic]e. 

a, H* are replaced by 3 monatomic radicles (Nitrile-bases). 

Tripotassamine . . • • • N.K* 

Trimercurumine • • • • NJIg* [Hg m 100] 

Trimetbylamine N.(CH*)* 

Kethyldiethylamine N.CH*.(C*H»)*. 

Methylethylphenylamine • . • • N.CH*.0*H^C*H^ 

Those containing organic radicles are formed — 1. By the action of hydriodie edmi 
on secondaiy amines : 

N.(CH*)*.H + C*HM -r HI + N.(CH*)* C*H*. 

Dimethyliiinine. Iodide of inmetbrlethjrluniliM, 

ethyl. 

2. By the distillation of the salts of organic ammonium-bases : 

N.(C^‘)^H.O - N.(C*H»)» + C*H* ^ H*0 

HvdrMte of Tritahyla- Ethylene, 

terrethyllum. mine* 

micnvy.i ~ N.(C*H*)^ + 

lodiilo of 
tetrethylium. 

3. By action of ethylate of potassium on t^antc ether: 

N.CO.C*H» -I- (C*H*)*.K*.0* . N.(C*H»)* + CO.K» O* 

Cyauate of ethyl. 2 mol. ethylate Trfethyla- Carbonate of 
of potassium. mlna potassium* 

This reaction is analogous to that of hydrate of potassium on cyanic ethers. (Set 
Primary Ahjitss.) 

Tertiary amines are generally similar in properties to primaiy and secondaiy amines ; 
they are less volatile than either. They are however distinguished by one important 
reaction, which at the same time exhibits in the strongest light their anal<^ ^th 
the type from which they are derived. When acted upon ly nydriodic ethers, direct 
combination takes place, an iodide of an oz^^mic ammonium-base being formed : 

N.(C*H‘)» + C*IIM « N(C*H*)M 
iodide of 
tetrethylium. 

These iodides are usually eiystalline, soluble in water and alcohol: when treated with 
oxide of silver, they yield iodide of ^ver, and a hydrate of the ammonium-baee : 

2[N(C*H»)M] + AgK) + H*0 - 2AgI + 

tetrethylium. 

These hydrates are mystaUine and soluble in water ! they are powerftil alk a li s ; in 
some reactions they resemble the fixed alkalis, liberating ammonia fiom amrooni a e al 
salts, and decomposing ethms into acid and alcohoL Precisely, therefore, as ammonia 
(nitride of hydrogen) NH*, combines with hydriodie acid (iodide of 
forming iodide of ammonium, NHH; eo trieUiylamine (nitride of ethyl) N(O y*r» 
combines with iodide of ethyl, C*H»t forming iodide of tetrethyli^ N(C*H0^ 
Just as we have tho hypothetieal compound ammonium, KH^ playing the pari ef 
potaasiuiii, sodium, and other metals, and replacing the basie ^d roM in^dds IQ 
rorm salts — so we have the hjp^eti^ compound tetrethylinin, S^(CWX 
preci^y the same metallic fimetioni. The analogy could he mims oomplms. * 
hk H* are rsplaeed by I and 1. aoBatomia ladide: Bonusnas et^rlsiM* 

pbenjdsmiBs^ 
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B* W triatomic radicle (N^es)* 

Acetonitrile (cyanide of methyl) 

f /^am«iniHa nr IIVI I 


B.<cmT 

N.CC'H*)" 


So^iooiteiie'(cyanide of ethyl) . ... 

Benzohitrile (cyanide of phenyl) ... , , 

Thev are formed— 1. By the action of heat or dehydrating agents (c.y. phosphoric 

of monobasic acids : 

C*H*0*.NH< - 2H*0 =* N.C^H* 

acetate of amm. Acetonitrile. 

These nitrilea differ ftom primary amides in containing iPO Jess. . 

2. By the action of cyanide of potassium on sulphate of ethyl and potassium (or a 
homoJo^iis salt), or on hydriotUc ethers : 

S02(G»H>).K.O* + CN.K - SO-.K^.O* + CN.C*H* 

Sulnliate of >thyl Sulphate of Cj uiiileof 

and poUsBiuii). pf>tas«iiuin. ethyl or 

crooio •nitrile. 


This mode of formation shows that nitriles may also be regarded as cyanides 
(N.C*H* — CN.CH®), deriving ‘from ‘ the type CIH and it is in this light that they 
are usually considered. But, if we consider their formation from ammoniacal salts, 
and their behaviour when boiled with acids op alkalis, when they regenerate their 
acid and ammonia,— NC^H* + KHO + H^O - C«H»0*K + NH»— we may fairly 
regard them as deriving from the same type with amides. And we are led to consider 
them as amines rather than as amides, by the fact that, in one of them at least, the 
radicle is clearly a basic one ; in propio-nitrile, N.C?H^ the radicle is glyceryl, the 
triatomic radicle of the triatomic alcohol, glycerin, C*H*.H*.0*, Moreover, that they 
reeemhle amines in tlie property of combining with acids, is shown by the compounds 
which Gerhai^t obtained by the action of pentachloride of phosphorus on primary 
amides (c. v,) G IPNCl « N.CW + HCL 

In order to show the connection between nitriles and the acids from whose 
ammonium-salts they are formed, e,g, of acetonitrile NtC-H*, with acetic acid, 
and acetic compounds generally, it may be observed that acetic compounds may be 
represented as containing the triatomic radicle C*H*. Thus acetic acid may be written 
(C^H*) .H.O* deriving from the double type acetamide, de- 

riving from the double type NH* + H®0 : chloride of acetyl, C1.C*H*.0, deriving from 
the double type ClII + H*0 : acediamine, N*.C*H*.H*, deriving from the double type 
N*H-. 

We have already seen that, when an amine which contains • any replaceable 
hydrogen (primary or secondaiy amines), is treated with the iodide of an organic basic 
tadiclo, the result is the replacement of the basic hydrogen by the organic radicle : 
but that when tertiary amines, in which all the basic hydrogen is already replaced, are 
similarly treated, the result is a direct combination of the iodide with we amine. 
Hence we are enabled to class as tertiary amines many natural organic alkalis, which 
combine directly with organic iodides ; of whose constitution, as they cannot be formed 
artificially, we should otherwise be ignorant. Among these are the following homo- 
logous alkalis, obtained by the dry distillation of animal matter ; 


Pyridine 

Picoline 

Lutidine 

Collidine 

Parvoline 


N.C*H» 

N.C«H» 

N.COI* 


Also the numerous vegetable alkalis or alkaloids (quinine, strychnine, morphine, &c.), 
which have been extracted from plants. The minority of these latter compounds 
contain oxygen-radicles : as many of them contain 2 atoms of nitrogen, it is possibly 
that they must be regarded as diamines. How many radicles Aey may contain, we 
have as yet no means of determining. 

II. 9tamliaea. 

1. Primary Diamines. > They represent 2 moleenles of ammonia, in which , 
— ^f*^ondary Diam^es.\% and 4 atoms of hydrogen are replaced by 1 and 2 
dmtomic basc-radic^ The only representatives of these groups are ther compounds 
lately obtained by Hofhmnn, by the action of bromide of e(£ylene on ammonia; the* 
uontain the diatomic radicle ethylene, C*H^ : 


Ethylsnamine * . . , \ N».(ci»).H< 

Diethylenamine . . , , , N».(C»H^)».H». 
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Tbey are tfms formed: 

C*H*.Br* + K*H* 2HBr + 

Bromide KtliylenMinltt^ 

oC ethylene. » 

2Cm*Br» + IPH* =. 4HBr + N*(C%*)*H* 

Dl'^thylpnamiiie/ 

Intermediate between secondary and tertiary diamines, is Hofmann's di phenyl- 
form vlamine, N*.(C*H*)*.Cn.H, obtained by the action of chlorofom on piicnylamine 5 
+ CHOP - N«’.(C«H»/.CJI.H + 3IIC1. 

3. Tertiary Diamines, — They represent 2 niols. ammonia, in which all the hydrogen 
is replaced ; "(a) by 3 diatomic, (d) by 2 diatomic, and 2 monatomic base-rodides. 

a. Hofmann has obtained trie thylen amine, by the reaction : 

3Cm*Br^ + N*IP = GNHBr f N* (0-IP)*. 

In this group may be classed the compounds known as hydra mules : 

Benzhydramido (hydrobenzamide) .... N®.(C"'I£®)* . 

Salhydramido ....... N*.(C"H«0)*. 

They are obtained by the action of ammonia on certain aldeliydes : 

3C^H*0 + NW - 3H*0 + N*.(C’Il*)* 

Bc^nxoic hI-. licnzhvdra* 

dehfde. midc. 

They are crystalline, insoluble in water, soluble in alcohol, not voliitilo without 
decomposition. They are decomposed by hydrosnlphuric acid, yielding sulpb-aldohyde*. 
(Call our 8.) 

N»:(C»H*)» + 3H*S « N*H* + 30'H"S. 

Tlio view here taken of the constitution of hydrobenzamide is confirmed by ita 
formation from chlorobenzol, OTPCP, and ammonia (Engelhardt), by the manner 
in wliich iodide of ethyl reacts upon it (Borodino), and by the existence of a number 
of bodies obtained from chlorobenzol, which may bo regardwl as the methylate, 
ethylate, acetate, valerate, benzoate, Sac, of the diatomic radicle C’H*. 

h. Hofmann has obtained dietliylene-diphenylaminc, N*.(C'‘'H*)*(C*H*)*, by the action 
of chloride of ethylene on phenylamine : 

2(C2H\CP) + 2(N.C*H».H2) « 4HC1 + N* (CHP)* (C*II«)*. 

Here too should probably be classed cyanogen, or oxalo-nitrilo. N*C*, which bears 
the same relation to normal oxalate of ammonium that acetonitrile does to acetate of 
ammonium ; 

C*0\(NH«)* - 4H*0 = N*C' 

C*H»0*NH* - 2H*0 « N.C IP; 

also nitride of boron, N*B*. 

HI. Triamlnas. * 


2 1 They represent 3 molecules of ammonia, in which 3, 6, or 9 atoms 

3 j ^ replaced by 1, 2, or 3 triatomic basic radicles. 

The only tnamine known is Frankland and Kolbe's Cyaneihine, C*H'*N*, which, 

according to Hofmann, should bo regarded as triglycerylamine, N*.(C%^)*, a tertiavy 
friamine. 

•Vatramlaea and Ventomlnaa. — ^We know but little of any complex ammonia- 
moleculcs of a higher order than the triamines ; nerertheless it appears that under 
certain circumstanoes, four, five, or even a greater number of atoms of ammonia are 
capable of coalescing into a complex molecule. 

The only well chazaeterised tetramines with which we tire ^uainted are 
H*.C*H*, a product of the action of ammonia on glyox^ which may be regarded as 

and hexamethylenamine, formed by the action of ammonia on 

dioxymethylene, which may be written N^(C*30[‘)* (Bu ttlero w, Bullet, da Ja Soc. Ohim. 
de Paris, i 221.) There are also some natural bases containing 4 at. nifeegen, 
ea feine^ and ikeobr^mim, but we know ncfthii^ of the radielee 

which they oontatn. 

VoL . i; K 



AMIDEa 


178 

Fe]itAiiiui68 EppdftT to bo produced by the action of ammonia on cer^n 
oxides. Some of the aznmoniacal compoundfl of cobalt appear to be of this charaetesr ; 
but fakher mvestigation is necessary to giye accurate ideas of their constitution. 

PBOSPBiNEaf AnsiKESf STiBiiirBS . — In connectibn with the basic derivatirea of 
ammonium, we must also mention a class of bodies derived from phosphoretted hydrogen, 
PH*, arsenetted hydrogen, AsH*, and antimonetted hydrogen, SbH* by the aubatitu- 
tion of aJcohol-radiclea for the hydrogen. All the compounds thus formed, are basic, 
like the dcoholic derivatives of ammonia, and form salts of exactly analogous charac- 
ter. Up to the present time, however, the only phosphines, arsines, and stibines, that 
have been obtained are those in which the whole of the hydrogen in the type is 
replaced by an equividcnt quantity of an alcohol- radicle, e. g . : 

Triothylphosphino . • . . . . P(C®H*)* 

Trimethystibine Sd(OH*)*- 

These has('s have not yet been obtained by direct substitution from the hydrides of 
phosphorus, arsenic and antimony; but they are produced, either by submitting a 
metallic compound of phosphorus, arsenic, or antimony to the action of the iodides, 
bromides or cliloridea of the alcohol radicles, e.g.\ 

Ntt’As + 3C?H»I = 3NaI + As(C‘li*)» 

Trikodic Iodide; of Trietbyl- 

arsciiido. ethyl. nrsine. 

or, better in most cases, by treating the metallic compounds of the alcohol-radicles 
with the iodides, bromides, and clilorides of phosphorus, arsenic and antimony ; thus, 

3CH»Zn + PCI* = SZnCl -i- P(CH*>* 

Ziiic-tnuthyl. Trimrtliyl- 

phoiphina 

These compounds, when treated with the bromides or iodides of the alcohol-radides, 
behave exactly like the corresponding nitrogen-bases, producing the bromides or 
iodides of bases containing 4 at. of the dcohol-radicle and belonging to the ammonium 
type: e.g.\ 

P(C*H»)* -I- « P(C*H')'I 

Triethyl. Iodide of Iodide of 
phosphine. ethyl. ethylphos. 

niutn. 

P(cn*)» + C*Hn « P(CH*)»(C*H'‘)I. 

Trlmothyl- Iodide of trimethyl- 

phusphiiie. ethyl -phosphonium. 

^ The phosphines treated with diatomic bromides (dibromide of ethylene, for example), 
yield, among other products, the monobromide of a phospbonium-molecule, in which the 
fourth atom of hydrogen is replaced by a bromlnated alcohol-radicle ; thus triethyl- 
phosphine, treated with dibromido of ethylene, yields the manohromide of broiMthgU 
triethyUphosphonium : 

P(C=H*)* + OH'Br* - PL(C*H<Br)'.(C*H»)*]Br. 

(See AjKMQNinu-BASss.) 


Alka^lahidsb. 

I. Monalkalamldea or Alkalamldea. 

1. Secondary Alkalamidee , — They represent Imol ammonia in which 2 afftiiw* 
of hydrogen are replaced, one by an acid, the other by a base radicle. 

Mercurobonzamide N.HgiC’H»O.H. 

Argontosulphophenylamide .... NjVg.C«H*SO*.H. 

Ethylfomiamide N.C«H»CHO.H. 

Ethylacetamide 

Phcnylbenzamide (benzanilide) .... K 

Ethylcyanamide N,C*H»CN.H:. 

T^ose which contain mct-als are formed by the action of primacy arpid es on 
pudes , they are decomposed by most acids, which remove their metal* ThoM co®^ 
taining silver are readily attacked by chlorides of acid-radicles, vieldinff secondazy 
amides and chloride of silver : y xomtug 


N,Ag.C*HSO*.H + C»I1H).C!1 

Argentoiulphopbe- Chloride of 
nflamida bentoyl. 


AgCl + N.C^0*.^*0 A 
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Those eontaming organic base-ndicles, are formed by the same xetietioai on 
amides, a pnmary amine bein^ substituted for ammonia ; 

1. Bj action of priauuy aminea on monobasie anhydrides (Oerbardt) : 

« C^H*O.H.O + N.CfH*C»H*O.H: 

Pbeajriamfne. Benioteaii. Bonxolc acid. Plienylbfnxamide. 
liydride. 

2. By action of primaiy amines on chlorides of acid-nidiclos (Gerhardt) : 

N.Cn* H* + C*H»O.Cl « HCl + N.Cn» CGPO.H 

Meihrlaniiae. Chloride of MetliyluciUmida 

acelyl. 

3. By action of primary amines on ethers : 

N.c=H* H* + ajrK>.cm\o = c*H»n.o + N.c»n*c*iPo.ir. 

Kthylainiiie. Acetiu ether. Alcohol. LCihyUcetainltle. 

4. By action of monobasic acids on cyanic ethers (W ur tz) : 

CHN.H.0 + N.C*lP.CO - CO.O + N.C*IP.Cir0.1I, 

Formic acid. Cyanate of Carbonic Ethyl-ronnamido. 
ethyl. aiihyd. 

They are ci^’stalHno, and generally do not combine with acids ; boiled with acids 
or alkalis, they take up II‘0, and rcgcucrate their acid anil primary amine : 

N.c«ip.c*ii»o.n + IPO « N.OH» n* + c*ii*o.ii.o. 

Ftirnyhu;etuinide. Vhcnytamiiic, Acrtlcacld. 

Those containing cyanogen act as weak alkalis, forming with concentrated acids coni- 
pouiitls which are decoinpoacd by water. B^ heat they are decomposed in rather a 
peculiar manner, yielding a tertiary alkalamide, and a kind of intermediate diulkula- 
inide, which contains only monatomic railicles: 

3(N.CGP.ON.ir) - N.(C2H‘»)*.CN + N*.C*m(CN)«.H* 

Yuiiylcyuuiimidc Dicthylcyana- Ethyldicynudiamidc. 

mldo. 

According to Gorhardt (Ann. Ch. Phys. [3] liii. 307) secondaiy alkalamides are 
ai'tod upon by pentachloride of phosphonis in the same way as primary and secondary 
amides: 

N.C*XI*.C’Il*O.H + PCP « N(C»H'‘)"'(C^H»)CT + FOCI* + HCL 

rhenyl-licnsamidc. Chloride of i>henyl- 

bengaiiiidyl. 

2. Tertiary Alkalamides . — They represent 1 molecule of ammonia in which all 
fhc hydrogen is replaced; («) by 1 basic and 2 acid monatomic radicles ; (A) by 2 basic 
and 1 acid monatomic radicles ; (c) by 1 basic monatomic, and 1 acid diatomic radicle. 

а. II* are replaced by 1 basic and 2 acid monatomic radicles : 

Ethyl-diacetamide . . ‘ . . . . N.C*It\(C*II*0)* 

Phony 1-dibcnzamide N.C*H*.(0’H*0)* 

They arc formed : — 

1. By action of chlorides of acid-radicles on secondary alkalamides (Gerhardt 
and Chiozza): 

N.C*H».Cai*O.H + C^H*O.CI - HCl + N.C*H*.((rHH>)*, 

Pheoylbensanilite. Chloride of Phenjldibenzamlda. 

tensoyl. 

2. By action of monobasic anhydrides on cyanic ethers (Wurtz): 

(C»H*0)* O + N.C*H» CO • CO.O + N.C»H» (C*H»0)* 

Acetic «nhjr. Cjanatc of EtliyldlMcetomlrfe. 

diide. ethyl. 

JTljcy are neutral bodies, combining neither with acids nor with bases. 

б. IP are replaced by 2 basic and 1 acid monatomic radicU: 

Methyl-ethyl-<yanamide N.CH".CH*.CH 

Diethyl-cyanamide K.(C*H*)*.OK. 

01 ^ members of this mup hitherto formed, contain cyanogen as the add- 
^adiele. Th^ are formed by the aetton d chloride of cyanogen on secondary amines 
(Cahonrs and Cloez): 

K.C*H»0»H*H + CN.a - HCl + K.CTP.CW.CN. 

EtbyIpbwiyUnaliMb Xthylplienylcy** 

esoride* 

They are liquid and volatile vithont deco n i p os i t M m, Heated with acids or aUcslis^ 

ir.2 ; . 
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they regepetiite a seoondat^ amine and cyanic acid, which latter ia tbrtiier deedm- 
posed inti-earbonie anbydnde and ammonia : 

N.(0'H»)* CN + HHO = N.(C»H*)».H + CW.H.O. 

Diethyl-cyana- Dietiiylamine. Cyanic acid, 

midp. 

N.CO.H r H^O - NH" + CO.O 

Cyanic acid. 

c. H* are re/placed hy 1 monatomic hamc^ and 1 diatomic acid,^ radicle, — Ka tlies'e 
compounds correspond to those secondaiy amides which are commonly called imides 
wo Mrill retain the same termination for them : 

Phenyl-succinimide (succinanile) . . , • N.C*H*.(C^H*0*)'' 

Ethyl-carhimidc (cyanic ether) N.C^H* (CO)" 

"Witli the exception of cyanic ethers, the only members of this group that have been 
studied arc tlioso containing phenyl as their basic radicle; they are commonly called 
anilf s, Tliey are obtained by tlie action of phenyliimine on dibasic anhydrides or 
acids (probably also on the corresponding chlorides): 

N.C«H® = IPO + 

Camphoric Phenylcamphorimlde. 

anhydride. 

N.OTIMP 4- = 2H^O + N.C’IP.C^^H^O* 

Camphoric acid. 

Boiled with dilute ammonia, they form the ammonium-salt of an amic acid : 

N.c«ip.cupo2 + Nmn.o = N.iLC«irwnwNmo 

Flienylhucdiiimide. PhenyUucciniimate of 

ammotiiuin. 

Fused with potash, they regenerate phenylamine and their acid : 

N.C’II*.C^H^O* 4- K^H^O* » C^IPO« K* O 4- N.C-IIMP. 

Succinate of 
poCtisGlum, 

As cyanic acid may be regarded as carbimide, cyanic ethers may obviously be 
regarded as alkali mides. With potash they exhibit the some reaction as the foregoing 
alkalimidcs : 

N.C*H*.CO 4- KWO* == CO.K* O* 4- N.CTP.II*. 

By the action of water or ammonia, they form Diidkalumides (compound ureas): 

4- IPO « co.o 4 - n»co.(c*h*)=h». 

2 iitol. cymiic ether. DiethylcarbaTnide. 

N.C*H».CO + NIP = N'^.CO.CTIMP. 

Kthylcarbanilde. 

II. Dtalkalamldes. 

There are no primary dialkalamides : but there exists a class of compounds occupy- 
ing an interinediato place between primary and secondary dialkalam/dcs. They re- 
present 2 mols. of ammonia, in which 3 atoms of hydrogen are replaced, 2 by a diatomic 
acid-radicle, and 1 by a monatomic base-radicle. With the exception of phenyl-oxamide, 
N*.C*H* C-^O'^IIS tlm only members of this class are the co?npound ureas, representing 
urea or carbamide in which 1 II is replaced by a base-radicle : 

Ethyl-carbamide (ethyl-urea) , . . . N*.(CO)".C*n*.IP 

Phenyl-carbamide (phony 1-urea) .... N*.(CO)”.C®HMI*. 

They^ are formed by the action of a primary amine on cyanic acid, or of ammonia on 
cyaniu ethers : 

4- N.CO.H » N*.CO.C*H»H* 

NH* 4- N.CO.C»H* - N» CO.C*H*.H» 

They are decomposed by potash, yielding carbonate, a primary amine and ammonia: 

N».CO.C®IP.IP + n*K*. 0 * « CO.K* 0 » + N.COT.14* + NH*. 

2 . Theypepreseiit2moleenlesofammomaMiwliich* ' 

4 atoms of hydrogen are replaced by 2 monatomic base-radides and 1 scid 

radicle : 

Bimethyloxamid© . N*.(CH»)*.(C*0*)MP 

piphenylsnociiiamido N*.(C*H»)*.(Cf^Wl,H* 

Biethylcarbamide (dietbyl^nrea) . , . . (CO)''.H* 
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■ They aro foiroed:' 

1. By heating the normal salts of organic alkalis : 

C20^(N.CHf H»)« -1 2 EH) - N» (CH»)» C*0* H* 

Oxalate of methy. Dimetbyloxanifde. 

Hum. 

2. By action of primaiy amines on ethers of dibasic acids : 

C^0*.(C*H*)’‘.0» * N*(CH*)*.H* « (C*H*)*H*05 +N* (CH»)»C»0*.m 

Oxalate of ethyl. 2 mol. methyl- 2 mol. alcohol. Dimethyloxamide. 
amine. 

3. By action of primaiy amines on chlorides of acid-radicles : 

N* H*H* + CO.Cl* « 2HC1 + N* (C!*H*)» CO.H*. 

2 mol. phenylumine. Chloride Diphenylcarbamlde. 

of carbonyl. 

The compound ureas (alkal-carbamides) belonging to this group are’ also formed by 
the action of water on cyanic etliers : 

2(N.CO.C2H») + KH) ^ CO.O + N*(C*H*)* CO.H*. 

Cyanaieof Diethylcarbamide. 

ethyl. 

All these secondary dialkalamidos are decomposed by potash, yielding a primary 
aniinc, and the normal potiissiurQ-<^alt of their acid: 

N‘l(C-’iry.C*O^H* + « N*.(0*H*)* + C=0* K* 0» 

Dicthyloxamide. 2 molt, ethyl. OxuUte 

Minine. 

irofmann regards melaniline, C**H**N*, and a compound, which he has ob- 

tained by the aclion of dichloride of carbon onphcnylamine, as cyan-diphcnyldiamide, 
and cyantriphenyldiamide, N*-CN.(C“IP)’.II’', respectively, — *. e. as 
flialkalamiiips containing only monatomic radicles. Considering the reaction by which 
the l!itt(»r at least of these compounds is formed, it may perhaps be preferable to regard 
it as deriving from 3 molecules of ammonia, in which a portion of the hydrogen ii 
rei>laced by the tofratotnic radicle, C"" viz. as N*.C.(C®H*)® IP. 

IVbal lias described the following compounds, intermediate between secondaiy and 
tertiary dialkalamides : 

Dil.lienylcitrimide N* (C®n»OT*n: 

Diphenylaconitimido N* (C»H»)» (CWO*)*".!!. 

They correspond to the monacid phenyliiim-s.alts of tribasic acids, less the elements 
uf 3 atoms of water : 

C*IPO'(KC«H‘.H»)»H - 3H*0 « N*. (C-H®)*.C®H»OMr. 

3. Tertiary Dialkalamides . — They represent 2 molecules of ammonia in which 
all the hydrogen is replaced by base- and acid-radicles, one of which at least must be 
) olyatomic. This process is represented by compound-ureas, in which all the hydro- 
gen is replaced by basic radicles, — e,0, Tetrethylcarbamido or tetrethyl-urca, 
Also by Buff’s sulphocyan/deof ethylene (cthylene-disulphocarbamide) 
obtained by boiling chloride of ethylene with an alcoholic solution of 
sulphocyanate of potassium (Proc. Roy. Soc. viii. 188), and by Hofmann’s diphenyl- 
carl »oxamide, N* (C0)".(C=‘0*)(C®H®)®"', obtained by the action of dilute hydrochloric 
iU'id on dicyanmelaniline. 

+ 3HC1 + 3H*0 - 3NH®C1 + HlC0.C®0*(C®H»)« 

More might probably be obtained by the action of secondaiy amines on chloiidM of 
acid radicles, or on ethers of dibasic acids : 

2(N,(CH*)*H) + C^H^O®.CI* - 2Ha + N®. (CH*)" C<H«0* 

Tetramethj Uuccl- 
nainide. 

2[N.((?H®)*.n] + C‘H<0* (C*H»)* O* - 2(C*H* H.O) + N*. 

Succinata of atnyl. T etrathyhucdiuimiila. 

in, Trlalkalftmldeti. 

V ^^condarff Trialkalamides^^They correspond to 3 molecules of ammonia^ In 
.winch 6 atoms of hydrogen are replaced by 1 triatomic acid-radide and 3 monato^ 
^‘'.*®^diole8. Kxamplea are Pebal’ctriphenyldtramide, ob- 

tained by the action ctf citric acid on phm^hu^e : 

C*HW.H>0» + 3(N.C®H’.H») - + 8H*0 

it corresponds to the normal citrate of phenjlhtm, lew the elements of 3 atoms of 
wafer. Also Sehirs triphenylpho^hami^ N» and trinaphtylphoi- 

ji a 
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phumide, N*.(C’*n^)*.PO.II*, obtained by the action of pbenylamlne and naphtjlamizw 
respectiyely on oxychloride of phosphorus (Ann. Ch. Phann. ci. 300) : 

POa* + 3(N.C»H».H*) - + 3HCL 

2. Tertiary Trialhalamides, — The cyanuric ethers may be placed in this divi- 
sion, c. g. cyauurate of ethyl, N*. (CO)*.(C®H*)*. — ^F. T. O. 

AlHEIHCBlaXBB and AUmKXSX^znrB. See Cyanobamic Acids. 

ikBCMZOBXTB. A red earthy mass from Chile, containing 36*5 antimony, 14*8 
tellurium, 12*2 copper, 22*2 inercuiy, and 2*5 quartz, besides oxygen; probably a 
mixture. {Jiammelsberg' 8 Mintralckeniie^ p. 426.) 

JUnnsoirZA. NH*. (Synonymes, Volatile alkali, AlkaXine air, AmTnoniacal gas, 
Ammoniaqtie, Ammoniak.) 

History. — The earliest mention of aqueous ammonia, which was known long before 
the gas itself, is made by Raymond Lully, in the thirteenth century : he prepared it 
from urine, and called it Mercurius vel spirittts animalis. Basil Valentino, in the 
fifteenth centuiy, first prepared it from sal-ammoniac : he still retained the name sjpiritus 
urinm. It was Bergman (1782) who first designated it by the name ammonia, Am- 
moniacal gas was .discovered by Priestley, who describes it in 1774 by the name of 
alkaline air ; ho also observ^ed its decomposition by the electric spark. Schoele, in 1777, 
ascertained that it contained nitrogen, regarding it as a compound of nitrogen ami 
phlogiston. Its true composition was first ascertained by Berthollet (1786) ; and it 
was finally analysed with still greater exactness, by his son Am. Berthollet in 1808. 

Natural Sources. — Ammonia exists in the air as carbonate of ammonium : in rain- 
water, especially in that of thunder-showers, as nitrate. In sea-water, and in many 
mineral springs. In most kinds of clay and soils: in sesquioxidc of iron, and in tbo 
majority of iron-ores. Sal-ammoniac and ammonium-alum are found as minerals, the 
farmer chiefly in volcanic regions, and in some specimens of rock-salt. As ammonincal- 
salts, in animal fluids and excrements (especially in lu'ine), and in the juices of many 
plants. 

Formation, — Ammonia cannot be formed by the direct combination of its elements 
in the free state. When 1 vol. nitrogen and 3 rols. hydrogen are passed through a 
red-hot tube, no ammonia is formed, not even if spongy platinum be present. But it 
is formed with great readiness by the combination of its elements, when one or both 
of them is in the na8CC7it state : i. e. at the moment of its liberation from anotlier 
compound : and in this manner ammonia may be formed from many substunces, organic 
and inorganic. 

1. From inorganic^ substances, — On igniting a mixture of oxygen, nitrogen, and 
excess of hydrogen, nitrate of aramoiiium is fonnod, (Th. Saussure.) 

a. Formation from 7tasocnt hydrogen and free nitrogen, — Water containing at- 
mospheric air yields nitric acid at the positive pole, and ammonia at the negative iiole 
of a Toltuic buttery (Sir II. Davy). Moistened iron-filings, in contact with atmo- 
spheric air or nitrogen at the ordinary temperature, induce the formation of ammonia 
(Cliovallier, Berzelius). (Will states that no ammonia is thus formed.) This 
reaction accounts for the existence of ammonia in rust of iron, and iron ores generally. 
When liver of sulphur is fused with an equal weight of iron-filings, and water dropped 
on the hot mass, ammonia is evolved (Hollunder). When certain metals which 
combine readily with oxygen (potassium, arsenic, lead, iron, &c,) are heated with the 
hydrates of potassium, sodium, barium, or calcium, in contact with air, ammonia is 
formed. Faraday states that this formation of ammonia takes place even in an atmo- 
sphere of hydrogen : a fact explained by Bischof as arising firom the difficulty of 
obtaining hydrogen free from atmospheric air. Itciset also points out that the hydrog^ 
will^ contain nitric oxide, if the sulphuric acid employed for its generation contains 
nitric acid or nitric oxide, 

b. Formatiem from nascent nitrogen- and free hydrogen, — A mixture of 2 vols. nitric 
oxide and 6 vols. hydrogen passed over gently heated spongy platinum, yields ammonia 
and water (Hare; Ville, Ann. Ch. Phys. [3] xlvi) The same gases when passed 
through a red-hot tube, only yield ammonia when some porous substance is present ; 
Duraice-stone, or ferric oxide acts most energetically (Roiset). Nitrous o:ado and 
hydrogea in excess yield ammoniawhon iu contact with hot spongy platinum orplati-* 
nnm-blaclc. Hydrogen saturated with nitric acid vapour acts in a similar manner. 

a FormaUon from nascent hydrogen and nascent nitrogen, nitric oxide 

passed over heated iron-filings yields ammonia. A mixture of nitric oxide and hydro- 
sulphuric add, passed over heated ^a-Hme, yields ammonia (Ville). Certain 
metals which decompose water at a high temperature (iron, zinc, &c.), wuen treated 
^th dilute nitnc acid, or the aqueous solutions of certain nitrates, yield ammonia. 
Ammonia is iormed when nitric acid is added to zinc and sulphuric add in a hydrogen 
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apparatiiB, «]m> l3y the decomposition of cHorxde, iodide, and phosphide of nitrogen, 
andof all bodies belonging to the class, amides, by water. When a mixture of baxyta 
and carbonaceous matter is heated in contact with air, cyanide of barium is formed, a 
compound which is decomposed by steam at 300° C. into carbonate of barium and 
ammonia : Margueritte and Sourdoval hare lately proposed to employ this process for 
the preparation of ammonia on the laige scale. (Ilep. Chim. App. li 170.) 

2. From organic cubstanees, — Many non-nitrogenouc organic bodies form ammonia 
by prolonged contact with air and water : €,g. in. the process of putrefaction. Sugar, 
oxalates, tartrates, &c. yield ammonia when heated with alkaline or alkaline-ea^y 
faydratei^ in contact with air. Oxygen-compounds of nitrogen, heated with oiganio 
reducing agents, e. g. nitric oxide with alcohol-yapour, nitric acid with gum, form 
ammonia. ’FLost^nitrogenised organic compounds yield ammonia, either free or com- 
bine^ in the processes of putrefaction or of distillation : it is from this source that 
the ammonia existing in nature is chiefly derived. 

Fre^ration. — Powdered sal-ammoniac is mixed with twice its weight of slaked lime, 
the mutture covered with a layer of coarsely powdered quick lime, about equal in weight 
to the sal-ammoniac used, and the whole heated gradu^y in a flask or retort : for the 
preparation of ammonia on a large scale, iron vessels are used. The gas is passed 
through a two-necked bottle, in which aqueous vapour is condensed, and any solid 
particles that may be carried over are arrested ; it is then dried by passing over solid 
potash or quick lime — or better, a mixture of the anhydrous oxides of potassium and 
copper, obtained by heating nitrate of potassium with flnely divided copper reduced 
from the oxide by hydrogen (S tas), (chloride of calcium absorbs the gas) — and collected 
over mercury. If the gas is ^ure, it should bo entirely absorbed by water. In order 
to obtain perfectly dry ammonia, Vogel recommends saturating a concentrated i^ueous 
solution of ammonia with solid chloride of calcium, heating gently, and passing the 
gas over solid potash. 

Properties. — Colourless gas, of a pungent smell, and strong alkaline taste. Its 
specific gravity is (calculated) 0*6893 ; (H. Davy) 0*6901 ; (Thomson) 0*6931 ; (Biot 
and Aril go) 0*6967. 1 litre at 0° C, and 760mm. barometric pressure weighs 0*7762 

grm. (Biot and Arago). Its specifle heat (water *== 1) is 0*608 (Bognault). Its 
refnictiyc power (air *= 1) is 1*309 (Dulong). 

It does not support either combustion or respiration : animals die when immersed 
in it. It is feebly combustible : when issuing in a tliin stream into atmospheric air, 
it may bo kindled, and bums with a pale flame. It colours turmeric paper brown, 
and reddened litmus blue : the colours disappear on exposure to the air. 

It may be condensed by cold and pressure, and obtained both in the liquid and solid 
form. Faraday prepares liquid ammonia as follows : Ammonio-chloride of silver ia 
introduced into a veiy strong glass tube, closed at one end, which is then bent at on 
acute angle, the chloride being ia the longer limb. The shorter limb is then sealed 
and immersed in ice, and the chloride gradually heated : it fuses at 38° 0., and Iw- 
Iwcen 112° and 119° C. gives off all its ammonia, which condenses to a liquid by its 
own pressure in the cool part of the tube. As the chloride of silver cools, the liquid 
ammonia boils violently, and ia reabsorbed by the chloride. Guyton de Morveau 
Bunsen have condensed ammonia without pressure by a mixture of chloride of calcium 
and icc, the former at 62° 0., the latter at— 40°. Liquid ammonia is a colourless, very 
mobile liquid, refracting light more powerfully than water; specifle gravity 0*76: 
boiling-point at 749mm. barometic pressure, — 33’7°C. (Bunsen.) Its tension at 
— 17*78° C, sa 2*48 atmospheres: at 0° C. = 4*44 atm.: at 10*8° 0. « 6 atm.: at 
19*44° C. - 7*60 atm. : at 28*31° C. » 10 atm. ' 

Faraday has obtained solid ammonia by exposing the dry ^ to a pressure of 20 
atmospheres and to a cold of — 76° C., produced by solid carbonic anhydnde and ether. 
It is a white, transparent^ crystalline body, which melts at —76° 0-, and has a higher 
specific gravity than liquid ammonia. 

PecompoBitions. — Dry ammonia is decomposed by a succession of electric i^arks : 
the resulting gas is doable the volume of the original gas, and consists of 1 voL nitrog^en 
3 vols. hydrogen. Also by being passed through a red-hot porcelain tube contw* 
ing copper or iron wire; gold-, silver-, or platinum-wire acts similarly, 'but less ener- 
getically. No change is produoed in the g[old and platinnm-wire : the copper and iron 
^dre are rendered brittle^ and sometimes increased in weight, owing to the fbrmation 
of R nitride. — 2 vols. Aniyn/> fiia wii-gAfl with not less than 1, nor more than 6 vols. 
oxygen, are exploded by the electric sp^ : the products, if the oiygen be in excese^ 
are water and nitrate of ammonium ; if the a-rnmnniji. be in excess, water, nitrogen^ 
and hydrogen. — ^Aqueous annmftpig, in contact with finely divided copper or pl a t in u m , 
ai^ oxygen ot atmotpAerie oir, is converted into nitrite of ammontimi, both its 
stitoenti nndetgoing oxidation (Handwb.)— Ammonia is decomposed by Mvenu of tM 
<>^gen-oompoii]ida of and nitoi^eD. Dry ammonia mixed with diy 
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eAhrotta anJ^dride explodes Violently at the ordinsaj temperature, with sepamtitm of 
chlorine, Aqn&yus ammonia adde^ gradaalljr to aqueous octd, the 

mixture being kept cool, yields nitrogen, and chloride of nitrc^en. Ammonia mixed 
with proper proportions of nitrous or nitric oscide, explodes by the eJectric spark, yield • 
ing water and nitrogen. Ammonia is violentljr decomposed at the ordinaiy temperature 
by peroiride of nitrogen, whether liquid or gaseous, with evolution of nitric oxide and 
nitrogen (Du long). —In contact with chlorine in the cold, ammonia burns with a red 
and white flame, forming chloride of ammonium and free nitrogen (4NH® + Cl® » 
3NIDC1 + N); when chlorine is passed into strong aqueous ammonia or a solution of an 
ammoniacal-salt, chloride of nitrogen is also formed. — Iodine does not decom^os/j 
dry ammonia: in presence of water, iodide of ammonium and an iodine- deriva- 
tive of ammonia are formed. — With bromine, ammonia yields bromide of ammo- 
nium and free nitrogen. — ^I*asscd with vapour of phosphorus through a red-hot tube, 
ammonia yields phosphide of hydrogen and free nitrogen. — ^Passed over red-hot char~ 
coal, ammonia yields cyanide of ammonium and free hydrogen. — With bisulphide of 
carbon, ammonia gives hydrosulphurie and sulphocyanic acids (NH* + CS® » H^S + 
CSII). — ^When potassiu?n or sodium is heated in dry ammonia, hydrogen is evolve^ 
its place being supplied by the metal, and nitride of potassium and hydrogen (potassa- 
mine), NKID, is formed. — In contact with zinc-ethyl, ammonia gives zinc-amine NZnH* 
and hydride of ethyl, Many metallic oxides decompose ammonia with the aid of 

heat: the products are sometimes water, nitrogen, reduced metal, and more or less of 
an oxygen- compound of nitrogen *, sometimes, water and a metallic nitride. — Ammonia 
reacts with anhydrous acids, chlorides of acid-radicles, and many compound ethers, 
giving amic acids, or amides. In like manner, it gives with many derivatives of the 
alcohols, amio bases or amines. (See Amic Acins, Amic3<^ses, Amides, Amines.) 

We have seen that ammonia is decomposed by cortiun metals and metallic oxides, 
hydrogen being liberated, and compounds formed representing ammonia in which a 
part or the whole of the hydrogen is replaced by a metal. There are certain organic 
compounds {e.g. monobasic anhydrides, compound ethers, &c.) which are capable of 
decomposing ammonia in a similar manner, with formation of compounds representing 
ammonia in which tho Iiydrogen is wholly or partially replaced by an oi’ganic radicle, 
acid or basic. The numerous and interesting class of compounds which are thus 
formed from ammonia by the partial or total replacement of its hydrogen by other 
radicles, organic or inorganic, acid or basic, is known by the generic name of amides: 
under which name they are fully described. 

Combinations. — 1. With Water {SclttUon of ammonia. Aqueous ammonia, or 
simply Amiftonia, Spirits of hartshorn, Sahniakgeist, Liquor ammonii). 

Doth water and icc absorb ammonia with great avidity, with considerable evolution 
of heat, and with great expansion. Davy found that 1 vol. water at 10® C. and 29*8 
inches barometric pressure absorbs 070 voTk ammonia, or nearly half its weight: the 
epecllio gravity this solution is 0'875. According to Daltcm, water at a lower tem- 
perature absorbs even more ammonia, and the specific gravity of the solution is 0*86. 
According to Osann, 100 pts. water at 24® C. absorb 8*41 pts. at 56® C. 6'96 pts. am- 
monia. 1 vol. water by absorbing 505 vols. ammonia, forms a solution occupying 
1'6 vols., and having specific gravity 0*9 : this, when mixed with an equal bulk of 
water, yields a liquid of specific gravity 0’9455: whence it appears that aqueous 
ammonia expands on dilution, (Ure.) 

Preparation. — 1 part of sal-ammoniac in lumps is introduced into a glass flask, 
with IJ parts slaked lime, and from 1 to Imparts water: and the flask is connected 
bj” bent tubes with three Woulfe’s bottles. The first bottle, which is intended to 
arrest any solid particles that may be carried over mechanically, and any empyreu- 
matic oil contained in tho sal-ammoniac, as well as to condense aqueous vapour, con- 
tains a small quantity of water (Mohr prefers milk of lime). The second bottle con- 
tains the water to be saturated with ammonia : it should contain a quantity of water 
about equal in weight to the sal-ammoniac employed, and should not be more than 
three parts full, to allow for the exp-ansion. These two bottles should be placed in cold 
water, and each provided with a safety tube. The third bottle contains a little water, 
to retain any amtnonia that may pa.ss through tho second bottle. The flask is then 
heated in a sand-bath, care being taken that its contents do not bf»il over : and the 
operation continued ti ll about half tho water in the flask has distilled over into tho first 
bottle. The first bottle then confiiins a weak and impure solution of ammonia : the 
second a pure and strong solution (if a perfectly saturated solution bo required, the 
quantity of water in this bottle should not excewi | the weight of the sal-ammoniae 
employed) ; the solution in tho third bottle is weak, but pure. 

The proportions of lime and water to be added to the sal-ammoniac in order to pro- 
duce the lai^cst yield of ammonia have been variously stated : those given above are 
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DOW most^nenUfy Tpceired, Accardin^ to the equation, CkSO' -f NHKJl — 

CdCl -h J^O, the amount of slaked Hme should be to that of sal'^ammoBiac as 
37 : dS-df or 69 parts of the former to 100 parts of the latter. But in practice it is 
alvrajra found necessa^ to employ a lazier proportion of lime ; for not only is the lime 
of commerce always impure, bat also it is impossible to bring the whole of it into such 
contact with the saJ-anunoniac, as would ensure the completeness of their reaction. 
The object of adding water is to ensure the gr:idual solution of the sal-ammoniac, and 
consequently its more complete contact with the lime. There are also other disad- 
vantages which attend the absence of water. If the limo and sal-ammoniac ore mixed 
in a state of powder, a large quantity of ammonia is lost before the mixture is intro- 
duced into the flask ; and the heated mass expands on cooling so as invariably to 
break the flask. These inconveniences are avoided by first placing the sal-ammoniao 
in lumps in the flask, and then covering it with the powdered lime : but in this case 
the heat required is sufficient to volatilise the sal-ammoniac, which is liable to stop 
up the delivery-tube and cause a dangerous explosion. . Moreover a larger quantity 
of empyreumatic oil passes over with the ammonia : and tlie chloride of calcium formed 
in the flask obstinately retains a portion of the ammonia, which is consequently lost. 
On tJio other hand, the addition of too much water diminishes the product of am- 
monia, and hampers the operation in other ways. 

In the preparation of aqueous ammonia on a Itirgo scale, the gas is generated in 
cast-iron or copper vessels : earthenware vessels are generally found not to answer, 
owing to the porosity of their structure. 

The aqueous ammonia thus prepared may contain the following impurities, which 
are easily detected : 

Carbonate o/ ammonium. --.ifCccurs when the lime employed contains much carbonate, 
or when the solution has been exposed to the air. Causey turbidity when heated with 
chloride of barium. 

CJdorinc. — - Caving to chloride of ammonium having been sublimed, or carried over 
incflianically. The solution, saturated with nitric acid, gives a cloudiness with nitrate 
of silver. 

Limr, — Carried over mechanically. Gives a precipitate with oxalic acid : left as a 
solid residue on evaporation. 

Cojqnr or Lead. — ^Derived from the generating vessel. The former is detected by the 
sohilion becoming tinged with blue on evaporation; the latter by hydrosulpliui’ic acid. 

F.mpynumatic oil. — From tho sal-ammoniac. The solution lias a yellow colour 
and a peculiar smell. 

Properties. — Aqueous ammonia is a colourless transparent liquid, smelling of 
ammonia, and having a sharp burning, urinous taste. Its specific gravity varies from 
I'OOO to 0-85, according to tho amount of ammonia it contains: its boiling-point varies 
si mi larly (see Dalton’s tabic, infra, ) A perfectly saturated solution freezes between 
— and —41^ C., forming shining flexihlo needles: at 49® C. it solidifies to a 
gny gelatinous mass, almost without smell (Fourcroy and Vanquelin). It loses 
almost all its ammonia at a temperature below 100® C.* The following tables have 
been constructed, showing the amount of real ammonia contained in aqueous ammonia 
of different densities : 


Dalton. 

1 II. Daw. 

Uai. 

S|ieriflc 

Percentage 

Bolling 

Spcrlfi«; 

Percentage 

Specifle 

Percentage 

Specific 

Percentage 

graTitjr, 

Ammonia. 

Point. 

gravity. 

Ammonia. 

gravity. 

Ammonia. 

gravity. 

Ammonia. 


y}^ 

—4^ 

0S7’i0 

32*3® 

0*8914 

27-940 

0-9363 

15*600 

OHO 

32 6 

+3*5“ 

0 HHSJ 

29*26 

0*89:?7 

27*6:43 

0 9410 

14*575 

(1*87 

29*9 

10° 

0*9«00 

•/(I’m 

0-8967 

27*038 

0*9455 

13*250 

.frHS 

27 3 

17° 

0*'M).'>4 

25*37* 

0-M9S.3 

20*751 

0*9510 

11*92.5 

0-89 

247 

23° 

0*9166 

22 07 

0 9000 

2f:*.5f 0 

00.564 

10 600 

(I'fJO 

22-3 

80° 

oym 

19 54 

0904.5 

25*175 

09611 

9275 

0-91 

198 

37° 

0*9326 

17*52 

' 0*9090 

23*8.50 

0*9662 

7*950 

»*U2 

17-4 

44° 

0*9385 

I5'88 

0*9133 

‘22*525 

0*9716 

6*625 

(>'93 

151 

50° 

0*943.5 

14*5.3 

0*9177 

21*200 

0*9768 

6*500 

0 91 

12*8 

•57° 

0*9476 

13*46 

0*9227 

19*875 

0*9828 

3*975 


10*3 

6:i» 

0*9513 

ja*40 

0*9275 

I8 5ri0 

0*9887 

2'fi50 

n 9G 

83 

70° 

09545 

11*56 

0*9320 

17*22S 

09945 

1*825 

0'97 

6*2 

79° 

0*9573 

10*82 





94 

4*1 

87° 

0*9597 

10*17 





0 99 

2*0 

92® 

0*9616 

960 




1 

I 



0*9693 

9Wi* 

1 1 





• Th4>«c niimbera wer« determined by experiment : the ri^t in Davy's (able by c.ilculatl<»i. | 
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J. Otto. Determinations made at 16^ C. 



Specific 

Percentage 

Specific 

gravity. 

Ammonia. 

gravity. 

0*9607 

9-625 

09697 

0-9612 

9*500 

0*9702 

0*9616 

9*375 

0*9707 

0-9621 

9*250 

0-9711 

0*9626 

9125 

0*9716 

0*96.31 

9*000 

0-9721 

0*9636 

8875 

0*9726 

0-9641 

8-750 

0*9730 

0-9646 

8*625 

0*9735 

0*9650 

8*500 

0-9740 

0*9654 

8*375 

0*9745 

0*9659 

8*250 

0*9749 

0-9664 

8*125 

0*9754 

0*9069 

8-000 

0*9759 

0-9673 

7*875 

0*9764 

0-9678 

1 7*750 

0*9768 

0*9683 

1 7*625 

0*9773 

0 * 91:88 

7*500 • 

0*9778 

0*9692 

7*375 ! 

09783 


Fercentim 

Ammonu. 




L. Carius. (Ann. Ch. Pharm. xcix. 164.) Determinations made at 14® C. 


24*0 

0*9.314 

18*0 

09.520 

2.1*8 

0*93*21 

17*8 

0 9527 

23-6 

0*9327 

17*6 

0-9.534 

2.3*4 

011333 

17 4 

0 9.542 

23 2 

0*9340 

17-2 

0*9.549 

2.3*0 

0-9347 

17‘0 

()*9556 

22*8 

0-9353 

16-8 

0 9.563 

22*6 

0-9360 

I6G 

0-9.571 

2i*4 

0-9366 

164 

0*9578 

222 

0-9373 

16-2 

0-9.586 

22*0 

0*9380 

lC-0 

0*9-593 

2) 8 

0-9386 

158 

0*9601 

21-6 

0*9393 

15*6 

0 90( .8 

21*4 

0-9400 

1.5*4 

0*96 16 

21*2 

0-9407 

1.5-2 

0 9623 

21*0 

0-9114 

15*0 

0*91)31 

20*8 

0-9420 

14*8 

0-9639 

20*6 

0-9427 

14 6 

0*9647 

20 4 

0-9434 

14*4 

0*96-54 

20*2 

0*9411 

142 

0*9fU;2 

2(M) 

0*9H9 

14*0 

0 9670 

19*R 

0-9456 ' 

13 8 

09677 

19 6 

0 9463 

1.3-G 

0-9085 

19*4 

0-9470 

1.3 4 

0*9 93 

19*2 

0*9477 

13*2 

0*97iH 

19*0 

094H4 

1.3-0 

0-9709 

18*8 

09491 

128 

0*9717 

18*6 

0*9498 

12-6 

0*9725 

18-4 

0 9-505 

12-4 

0*9733 

18-2 

0*9512 

12*2 

0*9741 


Specific 
gravity. | Amm 


0*9749 
0 97fi7 I fi-R 
0*9706 I 6*C 
0-977H 
0*9781 
0*9790 
0*9709 
0*9807 
0-9815 
0-9843 
0 9831 
0*9839 
0 9847 
O-pRftS 
0*9863 I a-2 
0*98-3 8*0 

0 9882 I 2*8 
0*9890 
0-9899 
0-0907 
0-991.5 2*0 

0 9924 1 8 

0*9932 1*6 

0*9941 1*4 

0*9950 1*2 

0-9959 1 0 

0-9967 0*8 

0*9975 0*6 

0*9983 0*4 

0*9991 0*2 



By the aid of those tables, the strength of aqueons ammonia, like that of commerdial 
alcohol, may bo approximately ascertained Iw taking its specific grayity. (See 
Qriffin*8 Table given in Urt^ s Dictionary of Arts, Manufactures, and Mines. toL i. 
p. 132, and Chem. Soc, Qu. J. iii. 260.) 

Bose 06 and Dittmar (Chem, Soc. Qn, J, xiL 147), hare determined the amount of 
ammonia-^as absorbed by water at ■various pressures and temperatures. The resnltA 
are given m the two following tables. 

Table A shows the weight of ammonia-gas in grammea O absorbed by 1 gramme 
of water at 0® 0, and various partial pressures 

* By partial pmiure U meant the total preMurc uudftr which the abiorption ocnin, minm the tenaton 
oi aQueoui vapour at ™ 















AMMONIA. 


18 T 


Tablb a 



o. 

F. 

O. 

P. 

O. 

P. 

Q. 

0*00 

0-000 

0 25 

0-465 

0-85 

0937 

1*45 

1*460 

0*01 

0-044 

030 

0-515 

0 90 

0 968 

1*50 

1-826 

o-oa 

0-084 

0-35 

0561 

0*95 

1-001 

1-55 

1-584 

008 


0-40 

0-C(»7 

l-OO 

1 037 

i-(K) 

1-645 

004 

0-149 

0 45 

0-646 

l-W 

1*075 

1-65 

1-707 

005 

0-175 

0-50 

0-690 

I-IO 

1-117 

1 70 

1-770 

0-75 

0228 

055 

0*731 

1-15 

1-161 

1-75 

1-835 

0100 

0-275 

060 

0-768 

1-20 

1-208 

1 80 

1-906 

0*125 

0*315 

0-65 

0-804 

1-35 

1-258 

l’M5 

1-976 

0-150 

0-351 

0*70 

0-840 

1-30 


1-90 

2-046 

0-176 

0*382 

0-75 

0*872 

1-35 

1*361 

1*95 

2*120 

0*200 

0*411 

0-80 

0-906 

1-40 

1-415 

2-00 

2-195 


From these numbers it appears : (1) that the quantity of ammonia absorbed by 
water at 0^ C. is far from being proportional to the pressure ; and (2) that for equal 
increments of pressure up to about 1 metre of mercury, the corresponding increments 
of absorbed ammonia continually diminish, but that above this point, the amount of 
dissolved gas increases in a more rapid ratio than the pressure. 


Table B shows the weight in grammes of ammonia (column II.), absorbed by 
1 gramme of water under the pressure of O-TG™, and at various temperatures (column I), 

Tablb B. 


1. 

11. 

I. 

II. 

I. 

11. 

J. 

IT. 

0® C. 

0-875 

UP c. 

0-582 

32° C. 

0-:^R3 

48° C. 

0-244 

2® 

0-M33 

18° 

0-554 

34° 

o-ai.-j 

6(P 

0-229 

4® 

0-7U2 

20° 

0 626 

30° 

0 343 

52° 

0*214 

fi« 


2‘2° 

0*41»‘) 

38° 

0-324 

51° 

0 2(K) 

8® 

o-?ia 

24° 

0*474 

40° 

0 307 

56° 

0*186 

UP 

0-079 

20° 

0 419 

42° 

! 0- ,!(0 




0 015 

28° 

0*426 

41° 

0 *27% 



14® 

0 012 

3‘P 

0-403 

40° 





Aqueous ammonia possesses the property of dissolving many Balls wliich are insoluble 
in water. Thus it dissolves chromic and stannic oxides, the protoxides of tin, cadmium, 
zinc, &c., the oxides of copper and silver. The compounds thus formed are docomjjosed 
by heat, losing ammonia, sometimes with explosive violence. Many other salts are 
also soliiblo in aqueous ammonia, t,g, phospliate, chloride, bromide of silver, &c. ; iii 
some cases, the original salt can be recovered luiehaiigcd by evaporating off tbo ammonia ; 
in others a more intimate combination is effected. 

2. With alcohoL (Liquor ammoniaci alcoholicus). 

Alcohol, like water, absorbs ammonia in gi*eut quantity, with considerable expansiou 
and evolution of heat. The alcoholic solution is prepjired in precisely the same way as 
the aqueous solution, alcohol of 85 — 90 p. c. being substituted for water in the second 
bottle. The proportion of alcohol to the sal-ammoniac employed should be somewhat 
less than in the case of water. The specific ^iWty of the solution of coiwse varies 
with the amount of alcohol and ammonia which it contains. 

3. With metallic salts. Ammonia forms solid compounds with certain metallic 
oxides (of gold, silver, platinum, mercury, antimony, &c.) which are decomposed b^ heat, 
frequently with explosive violence. Certain metallic chlorides, bromides, and iodides 
(of silver, calcium, &c,) absorb ammonia, ficequently with evolution of heat. Some of 
these comjMunds lose their ammonia when exposed to the air; others, but not all, when 
heated. Some dissolve in water without decomposition, forming solutions from which 
the whole of the ammonia is not precipitated by dichloride of platinum ; the majority 

. are decomposed by water, which sometimes dissolves the original salt and separates 
ammonia, sometimes precipitates the metal as hydrate. Similarly, certain ciystallino 
^ts, when freed from their water of crystallisation, absorb ammonia abundantly and 
in atomic proportion, forming oomponn^ which are decomposed by heat or ly wa^r. 
Ammonia also combines with metalHc cyanides, with fluoride of silicon, and other bodies. 

4. With acids, forming OMmomcuud salts. (See Ammoioacal Balts.) ^ 

5. With polghasia asu^drides^ flnming the ammoninm-salts of amic acids, 
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AMMONIACAL SALTS. 


jumstOXr^CJkMk Jmmonmm-saUfSf amm(mia€'afea^, 

saiife* 

Ammonia combines veiy readily with acids, which it neutralises completely, forming 
definite eiyfitalline salts, known bj the name of ammoniacal or ammonium-salts. 
These salts are isomorphous with tliose of potassium, and are in their general properties 
so closely analogous to metallic salts, that they are univepalJy regarded as belonging 
to this class of bodies. There is, however, a characteristic difference in their mode of 
formation. While other metallic salts are formed by the substitution of a metal for 
the hydrogen of an acid, e.g, chloride of zinc, ZnOl = HCl + Zn — H: ammoniacal 
salts are formed by the direct combination of ammonia with the acid, without elimi- 
nation of hydrogen, — e,g. chloride of ammonium, NH^Cl « NH® + HCl. 

Among the various theories by which it has been proposed to represent the consti- 
tution of these salts, that which most clearly expresses their analogy with other 
metallic salts is unquestionably the Ammonium Theory of Berzelius. According to 
this theory, ammoniacal salts contain a compound metal, ammonium, NH*, analogous 
to potassium, sodium, and other metals, the salts of which, ammonium-salts, are 
analogous to other metallic salts. Thus, chloride of ammonium, C1NH\ is analogous 
to clilorido of potassium, CIK ; sulphate of ammonium, SO‘(NIi‘)*, to sulphate of 
potassium, SO^.K®, &c. This hypothetical metal has never been isolated. An amal- 
gam of mercuiy and ammonium is, however, known to exist, which affords strong 
auToborative evidence, not only of the existence of ammonium, but also of its metallic 
nature, metals being the only bodies which arc capable of forming amulgams with 
mercury. This singular substance, discovered simultaneously in 1808, by Scebeck, at 
Jcim, and by Berzelius and Pontin, at Stockholm, was originally prepared by the action 
of electricity upon aqueous ammonia in contact with mercury. A strong solution of 
aqueous ammonia in which mercury is placed, is brought into the voltaic circle, the 
negative pole dipping into the mercury, and the positive pole into the liquid. An- 
other method is to dip the negative wire into mercury, which is placed in' a cavity 
hollowed out of a fragment of a solid ammonium-salt, carbonate, sulphate, phosphate, 
or chloride, the poaitivo wire being inserted into the salt itself, or connected with a 
metallic plate on which the salt rests. Oxygen, or, if chloride of ammonium be em- 
ployed, chlorine, is evolved at the positive pole, but scarcely any gas at the negative 
jwlo; while the mercury increases very largely in volume, and assumes the consistciu'o 
of butter. When completely saturated with ammonium, the amalgam is lighter than 
water ; obtained by the former method, it has frequently a crystalline structure. It 
is a very unstable compound, decomposing spontaneously as soon as it is removed from 
the voltaic circle, being resolved into liquid mercury, and a mixture of 2 vols. am- 
monia, Nil®, and 1 vol. hydrogen, H. When cooled below 0° C., it solidifies and erys- 
tallises in cubes. At a very low temperature, it contracts, and becomes brittle; 
decomposition does not begin till the temperature rises to 29° C. According to Sir H. 
Davy, it contains 1 atom Nil* to 763 atoms mercury. The amalgam may also be 
pre[)apcd witliout the intervention of electricity, by bringing potassium- or sodium- 
amalgiitii — the latter is more energetic in its action — into contact with an ammonium- 
salt, either solid and moistened with water, or as a concentrated aqueous solution. 

" ho amalgam thus prepared contains, according to Gay-Lussac and Tlu^nard, 1 part 
nitrogen aiul hyilrogen to 1800 pai’ts mercury. Jt contains a certain portion of potas- 
sium or si^ium, and on this account is less unstable than tlio amalgam prepared by 
eitluT of the former methods ; it may be preserved for a considerable time in anhy- 
ilrous rock-oil, or in an atmosphere of hydrogen. 

iil?r;aufw«.--Ammonium-salts are formed by bringing ammonia or carbonate of am* 
moniiim directly into contact with acids. 

Pwper^/rs.— Ammonium-salts are isomorphous with potassium-salts. They have 
mostly a pimgent, saline, somewhat urinous taste. They are aU soluble in water, 
generally with facility : less soluble in alcohol or ether. Ammonium-salts of colourless 
acids are colourless. 

Reaeticna of Ammoniumr^alts. Testa for -jOTwoni'a. — Ammonium-salta 
effected by brat : all, however, are wholly or partially volatilised, wiUj 
^'“'“’■bonate, and those which contain no owgen (chloride, 
nndecomposed. All others lose their ammonii when heated! 
Son^«.y. the phosphate, and Iwrate, evolve ammonia undecomposed, leaving the acid. . 

*“‘pn»*e. evolve nitrogen, the aeid being more or completriy reduced 
by tna nvdzpgen of the ammonia : tlie nitrate is decomposed into nitroua oxide and 
A aqueous solution, when exposed to the air (still more rapidly when 
evaporated), generaUv loses ammonia, an acid salt, or a normal salt mixed ^th excess 
^ crystaUising an ammonium-aalt, ammonia must be 
0<^ionally add^ during evaporation. When treated with chlorine, their aqaeons 
fioLuticm yields hydrochloric acid and nitrogen ; or, if the salt contains a powerful acid» 
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hydrochlonomd mdeh}md6oinitrogBn(pu}on^), WithasoluUonofdjmoeJi^w 

dry ammoniam-^te yield water, chloride of nitrogen, and nitrogen, while nitrogen 
and chlorine remain in solution (Balard). In solution they are decow^ed by pro* 
toxides, with liberation of ammonia ; not by aeequioxides, mion heated, either solid 
or in soJution, with a fixed alkali, barjte, lime, oxide of lead, &e,, they evolve nmmonia : 
magnesia expels only half the ammonia, forming a double salt. 

The reaction by which ammonium-salts are generally detected, is their dccomposititm 
when heated with jtred atkalu or alkaline earths. If the ammonia evolved be in so mimite 
a quantity that its characteristic smell cannot be perceived, it is easily recognised by 
its property of restoring the blue colour to reddened litmus-paper, and of forming dense 
white fumes by contact with a glass rod moistened with dilute hydrochloric acid. If 
the evolved ammonia bo brought into contact with a strip of paper moistened with a dhluto 
neutral solution of subnitrate of mercury, sulphate of copper, or sulphate of manganese^ 
in the first case a black stain is produced on tlie paper, in the second a blue, in tho 
third a brown. — A solution of molybdate of sodium containing phosphoric acid (phos- 
phomolybdate of sodium), gives with ammonium-salts, a yellow precipitate, soluble in 
alkalis and non-volatile organic acids, insoluble in mineral acids : in very dilute am- 
monium solutions, the formation of the precipitate is gradual; it is accelerated by heat. 
When a solution containing an ammonium-siilt or free ammonia is mixed with j^tash, 
and a solution of iodide of mercury in iodide of potassium added, a brown precipitate 
or coloration is immediately produced (Kessler). (KH* + 4HgI « Nllg/l + 3IH). 
Tin's is by far the most delicate test for ammonia. —With dicldoride o/ platinum^ 
ammonium-salts give a yellow crystalline precipitate of chloroplutinate of ammonium, 
l*tCl“Nll^ slightly soluble in water, insoluble in alcohol or acids. When ignited, the 
precipitate is converted into pure metallic platinum, perfectly free from chlorine. 
With add tartrate of sodium (or tartaric add), they give n white precipitate of acid 
tarfrate of ammonium, sliglitly soluble in cold water, readily soluble in alkaline solu- 
lions and in mineral acids. The carbonaceous residue left on igniting this precipitate 
lias no alkaline reaction. — A not too dilute solution of an ammonium-salt gives with a 
concentrated solution of sulphate of aluminium, a crystalline precipitate of ammonium- 
alum. — Only very concentrated solutions of ammonium-salts give precipitates with 
prrchlorh or fiuosilicic acid . — Suhnitrate of mercurif gives a brown colour in solu- 
tions containing free ammonia.— A slightly alkaline solution of an ammonium-salt 
gives a white precipitate with chloride of mercury . — ^Alcoholic solutions of ammonium- 
salts burn with a blue or violet flame. 

Kcactions very similar to those just described, e.g, with phosnhomolybdateof sodium, 
iodomerciirato of potassium, dichlorido of platinum, chloride of mercury, &c., are 
likewise produced by the salts of methylamine, cthylamine, and other compound 
ammonias. These organic bases may, however, be distinguished with certainty from 
ammonia itself by igniting the substance under examination with oxide of copper, 
and passing the evolved gases into baryta water, when, if carl>on is present, a 
precipitate of carbonate of baryta will be produced. (See Analysis, Ohoanio, p. 225.) 

Beparation and Estimation of Ammonium. — Ammonium is separated from 
all other metals except tho alkaline metals, by its non-precipitation by bydrosulpbunc 
acid, sulphide or carbonate of ammonium, or phosphate of sodium, in presence of chloride 
of ammonium. From sodium and lithium it is separated by dicbloride of platinuia 
and alcohol, which precipitates potassium and ammonium as chloroplatinates, while 
sodium and lithium remam in solution. The mixed chloroplatinates are converted by 
ignition into a mixture of metallic platinum and chloride of potassium, the latter of 
which is dissolved out by water, the solution evaporated to dryness,- gently i^ited, 
and weighed. The weight of platinum corresponding to the amount of potassium 
thus obtained being deducted &om tho total weight of metallic platinum, the remaining 
platinum represents the ammonium present ; 1 atom of platinum corresponds to 1 atom 
of ammonium. This method is applicable only when the metals ore present as salts which 
are soluble in alcohol, Smg, as chlorides, sulphates are best converted into chlorides 
by adding carbonate of barium, and saturating the filtrate with hydrochlorie acid. 

The b^ method for the separation of ammonium iram all other metals is to heat 
the compound under examination’ in a combustion-tube with excess of soda-lime, and 
to (»Uect the ammonia evolved in a bulb-apparatus containing hydrochloric acid. ^ The 
, chloride of ammonium thus obtained is mixcKl with excess of dichloiide of platinum 
(peftectly fiee from nitric add), and evaporated to dryness on a water-batb. The 
residue is treated with alcohol, which dueolves excess of the dichloride : the chloro- 
platinate of ammonium is collected on e weighed filter, dried at 100® C*, and weigl^ ; 
or converted by ignition in a porcelain cruci^ into metallic platinum, from the vmight 
of which the amount of is readily calculated. This method is not applicable 

te the separation of ammonia from other volatile organic bases. , v 

Ammonitun-salts may occasio»ally bo estimated by loss. This is the case when tog 
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ammoniuni-Balt is entirely volatile, and when no other volatile or decomposible cont- 
pound is present. The substance under examination is heated in a water-bath until it 
^ases to lose weight : it is then moderately igniteA and weighed again, when the loss 
of weight represents the amount of ammonium-salt present. This is a convenient 
methoa for the estimation of chloride, nitrate, or normal sulphate of ammonium, in 
presence of the corresponding fixed alkaline salts. 

Ammonia may also bo estimated by distilling it into a known quantity of dilute acid, 
and determining volumetrically by a standard alkaline solution the excess of free acid. 

The following are the principal ammonium-salts : 

1. Acetates of Ammonium, a. Normal acetate, Cr*II*0*.NH\ — ^A white odourless 
salt, obtained by saturating glacial acetic acid with dry ammonia, 

ft. Acid acetate, — Obtained as a white crystalline siibli- 

mato, when dry powdered chloride of ammonium is treated with an equal weight of 
acetate of potassium or calcium, ammonia being given off simultaneously. (See Ace- 
tates, p. 12.) 

2. CABnoNATES OF AMMONIUM. — H. Eose (Pogg. Ann. xlviii. 352) admits the 
existence of a considerable number of carbonates of ammonium, to whicli he assigns 
veiy various and complicated formuhe- Put, according to H. Peville (Compt. rend. 
xxxiHt 880 ; Ann. Ch. Phys. [3] xl. 87), there exist only two carbonates of ammonium 
of definite composition. 

‘ Normal carbonate, CO»(NII‘)* [or CO\mPO = CCT-.NfPMOl-^This salt has 
never been isolated. The salt which crystallises from an alcoholic solution of sesqui- 
carbonate of ammonium satiiruted with ammonia, is simply sesqu [carbonate. Neither 
can it be obtained from a saturated solution of commercial sesquicarbomitc in strong 
aqueous ammonia. It may be obtained in aqueous or alcoholic solution, or, as sesqui- 
carbonate, in combination with the acid carbonate (ft). (Pelouze ct Premy, Traitft 
do Chimie, ii. 222.) 

ft. Aoid carbonate, CO\NK\ll [or CO\NIPO + GO*. 710.1 — Obtained by saturating 
an aqueous solution of ammonia or scsquicarbonate of ammonium with carbonic an- 
.^hydnde. Or by treating the commercial scsquicarbonate finely powdered, with alcoliol 
of 90 per cent,, which dissolves out normal carbonate, leaving a residue of acid car- 
bonate. Scsquicarbonate of ammonium i.s similarly decomposed by cold water; but 
in this case, a larger quantity of the acid carbonate is dissolved. All carbonates of 
ammonium, when left to themselves, arc gnidnally converted into acid carbonate. It 
forms large crystals, belonging to the right prismatic or trimetric system. According 
toDeville, it is dimorphous, but never isomorphous with acid carbonate of potassium. 
When exposed to the air, it volatilises slowly, without becoming opaque, and gives off 
a slight ammoniacal odour. At the ordinaiy temporatiu^o, it is soluble in 8 part.g 
of water ; if this solution be heated above 36® C., it is decomposed, evolving carbonic 
anhydride. Even at ordinary temperatures, tlie solution, whetlier concentrated or dilute, 
gradually becomes ammoniacal on keeping ((Imelin). It is insoluble in alcohol; 
but when exposed to the air under alcohol, it dissolves as normal carbonate, evolving 
carbonic anhydride. 

It has been found native in considerable quantity in the deposits of guano on the 
western coast of Patagonia, in the form of white crystalline masses, with a strong 
ammoniacal smell, (Ulex. Aim, Ch. Pharra. bevi. 44.) 

0 . Sesquicarhonate, + 2H*0 [= 3C7C*22^^^0 + 3^0.]— Obtained by 

dissolving commercial carbonate of ammonium in strong aqueous ammonia, at about 
80® C., and crystallising the solution. It forms large transpiirent crystals, ropre.senting a 
right rectangular prism, with the faces of the corresponding rhombic octahedron 
resting on the angles. These ciystals decompose very rapi<^ in the air, losing water 
ftnd ammonia, and being converted into di-acid carbonate.^ This salt may be regarded 
as a mixture or compound of 1 atom of normal carbonate with 2 of atoms acid carbonate 
[CO^. (NH*)* + 2(CO*.NHMI) « : a view which is confirmed by its be- 

haviour with water and alcohol ; which, when added in quantity insufficient for tho 
complete solution of the salt^ dissolves out normal carbonate, leaving a residue of acid 
CariMuate : 100 pts. water at 13^^ C. dissolve 26 pte. Be8nmcaplx>nAte, at 17®, 30 pts. ; at 
S2®, 37 ptfl. ; 41®, 40 pts.; at 49®, 60 pts. (Berzelius): above this tmperature, 

car^nio anhydride is evolved, and a solution of normal carlwnate formed. 

Comn^rciu carbonate of ammonium {seU volatile, sedt of harUhom, ^c.) consists 
of se^uicarbonate, more or less pure. It u prepared on a large scale by the diy dis- 
tillation of bon^ hartshorn, ana other animal matter. The product thus obtained is 
contaminated ^th empyreumatic oil, from which it is purified by subliming it once or 
twice witii IJ times its weight of animal charco^ in cast-iron vessels over wUch glass 
vseeivers are inverted. By reputed sublimation, tho salt is partially decompoeed. 
Another method of preparing it is by heating to redness a mixtim of 1 pt, <^onde or 
sulphate of anunoninmy and 2 pts. carbonate of calcium (chalk), or carbonate of potassiiiiii, 
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in a i^tort to whic^ a zeceirer is luted : ammonia and water are first disengaged, and 
then the seaquioarbonate distils over and solidifies in the neck of the retort and the 
receiver. On a small scale, glass vessels are employed : on a large scale, an earthenware 
or cast-iron retort, and an earthenware or leaden receiver, which, when filled by 
repeated distillations, is broken or cut in two; 10 pts. sal-ammoniac yield from 7 to 8 
pts. Bosquicarbonate. (See Dictionary of Arts^ Mant^acturcs and Mines^ L 135.) The 
salt thus prepared is liable to contain the following impurities : 

Hyposulphite of ammonium: when sulphate of ammonium, or chloride containing 
sulphate, is employed in the preparation. The salt neutralised with acetic acid gives 
a white precipitate which turns black on addition of nitrate of silver. — Sulphate of 
ammonium^ from the same causes : detected by hydrochloric acid and chloride of barium. 

— Sal-ammoniac: detected by nitric acid and nitrate of silver Lead^ from the receiver ; 

tlie salt has a grey colour, and when dissolved in dilute nitric acid, gives the reactions 
of lead. — Lime and chloride of calcium^ carried over mechanically ; from these and 
other fixed impurities the sjilt is freed by re-sublimation. 

The scsquicarbonate obtained as above is a white, transparent, fibrous mass, with 
a pungent caustic taste, and a strong ammouincal smell. Exposed to the air, it is 
gradually converted into acid c«arbonate. It is completely volatile, though not without 
partial decomposition. Its aqueous solution is strongly alkaline : from a hot sftt^ated 
solution, tlic acid carbonate crystallises on cooling, but not in the ordinaiy ciyrallino 
form, (beville.) 

The aqueous solution of this salt {spiritus salts ammoniaci\ is extensively employed 
in medicine ns a stimulant. It is also a very valuable reagent. The solid salt is 
employed in the manufacture of other ammonlacal salts. 

3. CitLOBiDE OF Ammonium, CINH^ {Ilydrochlorate or muriate of ammonia^ Sal* 
ammoniaCf salzsaures Ammoniak^ Salmiaky Chlorttre dammoniumt or Chloirure am* 
nmiique,') 

llytlrocliloric acid gas and ammonia combine volume for volume, with great evolu- 
tion of heat, forming solid chloride of ammonium. This salt forms colourless feathery 
crystals, which, when examined by a lens, are found to consist of an aggregation o f a 
cubes or octahedrons. It has no smell, but a pungent taste ; its specific gravity is 
It dissolves in 2*72 pts. water at 18*75® C., with great reduction of temperature ; and in 
about its own weight of water at 100®. It is less soluble in alcohol. When exposed 
to tlie air, it loses ammonia, and becomes acid to test-paper. “When heated, it vola- • 
tiliscs undccomposed, without previous frision. After sublimation, it forms white 
crystalline masses, which are exceedingly tough and difficult to powder : to obtain it 
in a pulverulent state, a hot saturated solution is evaporated to diyness vexy rapidly, 
with continual agitation, when the salt is left as a crystaUine powder. 

Chloride of ammonium is decomposed by several metals, potassium, iron, &c., a 
metallic chloride being formed, and ammonia and hydrogen separated. It is also 
decomposed by many salts; by some, e. g, alkaline and alkaline-earthy hydrates, 
completely, ammonia being evolved; by others, as by cupric and ferric sal^ partiall^jr, 
doulilo salts being formed. Some salts, e. g, platinic chloride, combine with it 
directly, forming double salts (chloroplatinates). Some metallic hydrates are soluble 
in a solution of sal-ammoniac, especially those of zinc and magnesium. 

Sal-ammoniac is found native in many volcanic regions ; also in small quantities in 
sea-water. It is readily formed by heating nitrogenised animal matter containing 
cldoride of sodium, or with which that salt has been mixed. Until the middle of the 
last centu^, sal-ammoniac was obtained almost exclusively from Egypt,^ where it was 
prepared in this manner, by subliming the soot obtained by the combustion of camels 
dung. It is now loigely manufactured in Europe, chieflv from the impure carbonate 
of ammonium which is obtained in gas-works, or bv the diy distillation of animal 
matter. This carbonate is converted into chloride by the addition of hydrochloric 
acid, or of the znotber-liquor from salt-works, containing the chlorides of magnesium 
<ind calcium, and by evaporating the solution (ammonia bein^ added fram time to tixne^, 
ciystals^ of sal-ammoniac are obtained These are contaminated with empyreumatic 
t'ili which is destroyed by heating the crystals to a temperature a little below their 
Bublimi^ point. They are then dissolved in water, the solution decolorised by boiling 
^th anim^ charcoal, and again crrstailised. The salt is finally purified by sublima- 
tion, which is performed at a brisk heat, in lozge glass or earwenware bottles, the 
jmek of which must be carefhlly kept unobstructed, to avoid the risk of explosion the 
bottles are then broken and the sal-ammoniac removed in cakes. Metallic reccivera 
sometimes employed in the sublimation ; in this ease, the outer surface of rtie sal- 
ammoniac is dark-coloured, owing to metallic impurities, and must be semped 

In some manufretories, the carbonate of ammonium is first converted into sulphate, 
and subsequently into chloride. This is generally done by filtering the sqlutmrf 
®*™nate uirough a stratum of powdered gy ps u m (sulphate of calcxnm), when insomm 
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carbonate of calcium is formed, and a solution of sulpt^jate of' ammonium obtained. 
This solution is mixed with chloride of sodium, evaporated to dryness, and the siil- 
ammoniae separated from the residue by sublimation. Or the solution of the two salts 
is evajporated at the boiling heat, when sulphate of sodium, being less soluble at a high 
than at a lower temperature, mostly crystallises out and is removed. The solution is 
then cooled, when the sal-nmmoniac crystallises out, since its solubility diminishes 
rapidly with decrease of temperature. The crystals thus obtained are purified as 
above described. Ferrous sulphate may be employed instead of gypsum to convert 
the carbonate of ammonium into sulphate ; this is a more ^pensive process, but it 
possesses the advantage of removing the greater part of the empyreumatic oil, which 
IS carried down by the precipitated iron-salt, (Berzelius.) 

In the factory at liuxweiler, in Alsace, sal-ammoniac, phosphorus, and gelatin are 
prepared by the following ingenious process. Bones are digested in hydrochloric acid, 
which dissolves out the bone-earth, leaving the cartilage insoluble : the latter is em- 
ployed for the preparation of gelatin. The hydrochloric solution is mixed With crude 
carbonate of ammonium, \vffon sal-ammoniac is formed, and phosphate of calcium preci- 
pitated in the finely-divided state in which it is best adapted for the preparation of 
phosphorus. [For furtlicr details of the manufacture of sal-ammoniac, see Dictionary 
of Arts^ Manufajciivrvs and Mines, i, 141.] 

Sal-ammoniac is employed in medicine. In the laboratory it serves for the pre- 
paration of anirnoiiia, and carbonate of ammonium, and for frigorific mixtures. It is 
employed in dyeing; also in metal- works, as a deoxidising agent, especially for copper. 
A solution of chloride of silver in chloride of ammonium is employed for plating cop- 
per and brass. It enters into the composition of a cement used for fixing iron in 
stone: this cement is formed by moistening with a solution of sal-ammoniac, iron- 
filings mixed with 1 or 2 per cent, sulphur. Impure sal-ammoniac has recently been 
employed as manure. 

4, Hyduate oV Ammonium, NIP.H.0. — This compound has never been isolated. 
The aqueous solution of ammonia behaves in many respects like a solution of hydrate 
of ammonium, 

d. Nri'RATB OP Ammonium, [or NO\NIPO « NO\NIP,HO], {Nitnm 

fiammema ,) — Obtained by crystallising a mixture of nitric acid with a slight excess of 
aqueous ammonia. It forms long flexible needles : if the crystallisation bo effected 
very slowly, it may be obtained in six-sided prisms. When the solution is evaporated to 
a very small bulk, the salt solidifies into a dense amorphous mass. It has a pungent 
taste. It is soluble in iilwiit half its weight of water at 18° C., and in still less at 100° : 
its saturated solution boils at IG4° C., and contains 47*8 per cent, salt: when dissolved 
in water it produces great cold. It is soluble in alcohol. Exposed to the air, it deli- 
quesces slightly, loses ammonia, and becomes acid. When heated, it fuses perfectly 
at 108° C., and Iwils without decomposition at, 180°. Between 230° and 250° it is de- 
composed into water and nitrous oxide, « N-0 + 2H“0). If it be heated 

too rapidly, ammonia, nitric oxide, and nitrite of ammonium are also formed. (Ber- 
zelius). Wlien thrown into a red-hot crucible, it burns with a slight noise, and a 
pale yellow flame. In presence of spongy platinum, it is decomposed at about 170° C. 
into nitrogen and nitric acid. (M i 1 1 on and K e i s e t.) 

Nitrate of ammonium is formed when a mixture of nitrogen, oxygen, and excess of 
hydrogen is submitted to the electric current; also when hydrosulphuric acid is passed 
into a dilute solution of nitric acid. It is also formed by the action of nitric acid on 
several metals, especially tin. 

6. Nitottb ofAmmomum, NO*. NH* [= jyO*.2rar*.HO].-.Obtiuned by double decom- 
iwaition of nitrite of lead and sulphate of ammonium, or of nitrite of silver and chloride 
of ammonium : tiie solution is evaporated in vacuo. Or by passing nitrous fumes into 
aqueous ammonia, and evaporating over lime (Mil Ion). It forms an imperfectly 
decomposed by heat into nitrogen and water, (NO'^.NH* = K» 
if alkaline *^^l^eous solution is similarly decomposed, suddenly if acid, gradually 


7. Oxalates OP ApioxiuM.---u. JVbrmaf oxalate. C*0*(NH^)* 4- H*O.^Obtained 
by neutralising oxalic acid vnth ammonia, and-ciystallising. It forms long prisms 

^ M or^etric syste^ soluble 

in 8 pU cold ^ter, insoluble in alcohol. It is very slightly volatUe at ordinaiy * 

“ entirely deiompoMd into curbed 
'^hen it 18 heated more Bteongly^e ozamide 
M a reagent for precipitating calcinm-salte. 

‘a’? in the oystalUne form adding 

^ or hydrochlorio aeid to a solution of tfie normaJ wit. It ctys* 
taUiaes in the trimetno system. It reddens htmus, and is less soluhlo fl«»n the normal 
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salt It 38 decomposed W heat, yielding, among other producta, oxamide^ C?*0*N^\ 

and oxamic acid, 

c. Quadroxalatet Jfyj^er~aeid oaoXate^ + C*0*H* + 2HK). — Obtained 

by crystallising a solution of equal ppts of acid escalate and oxalic acid. The crystals 
belong to the tridinic or doubly ol^ue prismatic eystom, and are isomorphous with 
the corresponding potassium salt. They are very soluble in hot water. At 100® C. 
they effloresce slightly, and lose their water of crystallisation. 

8. PnoaPMATM OP Amhoniujc. — «. Normal phosphate^ PO*(NH*)* [or 

— ^When a solution of monacid phosphate of ammonium is mixed with ammonia, 
this salt separates as a crystalline magma: it cannot be dried without losing ammonia, 
being conTerted into b, 

b, JDiammonic phosphate, [oT {Ordinary phosphate 

oj ammonium, formerly phoephfUe.) — Obtained by adding a slight excess 

of ammonia or carbonate of ammonium to acid phosphate of calcium (solution of bone- 
earth in hydrochloric or dilute sulphuric acid) ; woen phosphate of calcium is precipitated, 
and monacid phosphate of ammonium remains in solution. It forms laige, colourless, 
transparent ciystaJs, belonging to the monoclinic or oblique prismatic system. It has 
a cooling, saline taste, and an alkaline reaction. Exposed to the air, it c^oresces 
slightly, losing ammonia. It is soluble in 4 pts. cold, and in a smaller quantity of 
boiling water; insoluble in alcohol. By a red heat, it is converted into metaphospnoric 
acid, - PO»H + 2NH« + H*0). 

t\ Monammonic phosphate, PO*.(NH*).H* [or 0.2/10]. (Formerly called 

acid phosphate,) — Obtained by adding phosphoric acid' to aqueous ammonia, till the 
solution is strongly acid, and no longer precipitates chloride of barium ; or by boiling 
a dilute solution of b and evaporating it to crystallisation. It C3^'’stalli8es in the dxmetrio 
or ^uare prismatic system. It is somewhat less soluble in water than ^, 'and ia 
similarly decomposed by heat. 

The phosphates of ammonium are employed for the preparation of metaphosphorio 
acid. As the residue of their i^ition always retains ammonia, it must be moistened 
with nitric acid, and again calcined. Gay-Lussac has proposed to preserve muslins 
and other inflammable textures from ignition by steeping them in a solution of these 
salts ; the salt being decomposed by heat, the tissue is covered with a film of metaphos- 
phoric acid, which preserves it from contact with the air, and prevents its breaking 
into flame. These salts cannot, however, be applied to fabrics which have to bo 
washed and ironed, because the heat of the iron would decompose them, expelling the 
ammonia. ^ The same objection applies to sulphate of ammonium, which is otherwise 
efficacious in diminishing the inflammability oi light tissues. From recent experiments 
by Versmann and Oppenheim (Pharm. J. Trans. [2}i. 385), it appears that the 
only salt universally applicable for rendering such fabrics non-inflammable, is the 
neutral tungstate -of so^um. (Sea Tungstates.) 

Some of the double phosphates of ammonium and other metals are of considerable 
im()ortance. The phosphate of sodium, ammonium and hydrogen, PO‘.Na.NHMI, com- 
monly called microcosmic salt, or phosphorus salt, is much used as a blow-piM flux, 
being conve^d by heat into transparent metaphosphato of sodium, which ousolvea 
many metallic salts with characteristic colours. 

9. Sulphates of AicMONiuif. — a. Normal Sulphate, SO^(NH*)* [or SO^NB^OA 
(Glauber’s Sd secretum,) — Obtained by neutralising dilute sulphuric acid with 
ammonia or carbonate of ammonium. It forms crystals bclonnng to the trimetrio op 
right prismatic system, isomorphous with potassic aulphate. It is colourless, and has 
a very bitter taste ; it is soluble in twice its weight of cold, and in its own weight of 
boiling, water; insoluble in alcohol. It fuses at 140® C; above 280®, it is decomposed, 
ammonia, nitnigen, and water being given off, and acid sulphite of ammonium 
sublimed. 

It is found native as Mascagnine, It is manufactured on a large scale (as already 
described under Sal-aimnoniac) by nentralising with sulphuric acid, or decomposing 
by gypsum, the impure carbonate of ammonium obtained in ^s-works, &c. and ews- 
tallising the solution. The crystals are heated, to destroy animal matter, and purifled 
by reciystallisation. Sulphate of ammonium is employed in the manufacture of am- 
monium-alnm : also as manure. 

5. AddsulphaU,BO\NR\B^ [or 2 a Obtained treating a soltttipii 
of a with sulphuric acid It ciystallisea in thin rmubohedrons. It is s^nblein its 
own weight of cold water, and in alooboL It deliqneae^ alowlj in tiie air. 

10. Sui.PHii>B8 OF Amhohiuv. — IT. Sulphide, (NH*)^.— When a mixtope of dry hy« 
™8mphupic acid and ammoni^ the latter in excess, is exposed to a temperatoro.^ 

to® C. 2 vols. ammonia combine with 1 voL hjdrosulpimne acid, and form sidphidn 
Of ammoainm. The same compound is formed when sulphide of potassium is di im l l im 
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with chtoiide of ammouiom, {Homed the receiver be (mled to — 18 ° C. ' It fiinntl 
colourlesa crystals, whi^ have a alkaline rea/^oa. At the ordinary temperature, 

it is at once decomposed, losing amjnonia, and being converted into sulphydrate (6). 
This decomposition takes place even in an atmosphere of ammonia. ^ Its aqueous solu- 
tion, which is much employed as a reagent, is prepared by dividing a saturated 
solution of ammonia into 2 equal parts, ^saturating one with hydroaulphuric acid, and 
then adding the other,. It forms a colourless solution, which becomes yellow on 
keeping, owing to the formation of a higher sulphide; by further exposure to the 
air, sulphur is separated, hyposulphite, sulphite, and finally sulphate of ammonium 
being successively formed. 

b, 8uljikvdrate or llydrosvX^hate^ NH^.H.S. — Obtained by mixing dry hydrosul- 
phuric acid and ammonia, in any proportions, at a temperature above — 18^ C. It 
IS a combination of the two gases in equal yolumes. It forms colourless crystals, which 
have an alkaline reaction, and volatilise imdecomposed, even at ordinary temppraturea. 
Its aqueous solutionis obtained by saturating aqueous ammonia with, washed hydrosul- 
phuric acid, out of contact with the air. It forms a colourless solution, which, by ex- 
posure to the air, is decomposed in the same manner as the sulphide, 

c. Folysid^ihidea, — Besides the above, there are several other compounds of sulphur 
and ammonium described, which may be regarded as combinations of the moiiosul- 
phide with sulphur, or as polysulphides of ammonium. These are — 1. The disvJfhide^ 
(NH«)2S2; 2. The trisulphide, (NH^)2S>; 3. The tetrasulphide, (NH^)2S^ 4. The 
pentasulphidc, (NK^)^S* ; 6. The heptasulphide, (NII'‘)®S'. The most general method 
of preparing these compounds is by distilling the coiTcsponding sulphide of potassium 
with excess of chloride of ammonium. In the wet way, they are prepared by adding 
sulphur to a solution of tlie monosulphide, and saturating the mixture alternately with 
ammonia and hydrosulphuric acid. The heptasiilpliide, to which there is no corre- 
sponding siilpliido of potassium, is formed by the spontaneous decomposition of the 
pcntasulphide : 

3(N1P)2S» «= 2(Nn^)*S» + NH» + NIP.II.S. 

It forms ruby-red crystals. It is the most stable of the polysulphides of ammonium, 
not being decomposed at temperatures below 300° C., and but very slowly by water or 
hydrochloric acid. 

The substance known as fuming Uqxwr of Boyle, or volatile liver of sidphur^ is a 
mixture of two or moro sulphides of ammonium. It is obtained by distilling a mix- 
ture of 1 pt. sulphur, 2 pts. sal-ammoniac, and 2 to 3 pts. quick lime. It is a dark 
yellow liquid, of penetrating smell : it fumes strongly in the air, or in any gas con- 
taining oxygen, not in gases free from oxygen. It is capable of taking im more 
sulphur, forming a syrupy fluid, wliich no longer fumes on contact with air. — ^F. T, C. 


AMMOKrUM. A hypothetical metal, whose composition is expressed by the 
formula it is supposed to he contained in ammoniacal salts. (See Ammo- 

NiACAi. Salts, p. 186 .) 

A»SMOSrZinMC.Al«AX.OAXML (p. 188 .) 


AMMOirKUM-BAffSd. In very many cases, the watery solution of ammonia 
behaves with other bodies exactly like a solution of potash or soda. We cannot 
express this similarity in our chemical formulae, if wo regard liquid ammonia as a mCTe 
solution of ammonia. Nil*, in water : it only becomes comparable to the fixed alkalis 
wen we regard it as containing a compound of ammonia with water, NH*.H’'0. In 
order to express this relation still more precisely, Berzelius proposed to represent 
aqueous ammonia as containing the hydrated oxide of the compound group, NH*, — 

(NH®.H*0 -I ^ 1 0), to which ho gave the name Ammonium, and by means of which 

the ammonia-salts can be represented as exactly analogous to those of potassium, 
aodmm, or the metals generally (see Ammonitjm-Saxts, p. 188). In the article 
Aamdbs, it IB shown that a very large number of bodies may be formed from ammonia. 


more or less resemble, hydrogen in their general 


union wim WKU. It is evident that^ if it is wished to express the analogy of Ae salts 
of derivatives of ammonia with the metallic salts, they may be represented as 
eonto^g aiMonium in which part of the hydrogen is replaced by Other radicles : 
forinstoce, NCWCl, maybe view^ as chloride o# 

[N(C H*)*H]C1, analogous to chloride of ftmmrtttiy m and 

^Onde of potassium, KCL ' ^ . 



' But since only three-fourths of the hydre^^iof the ammonium in ammonia-salts is 
derived firom ammonia^ the.othiw fourw hSlan|p^\to the acid, it is plain that the 
compounds of the derived ammonias with aciOs. n^er represent ammonium-s^ts in 
wiiich more than three-fourths of the hydro^n is replaced. Bu^ by the combination 
of tertiary amines (derivatives of ammonia by the replacement of aU three atoms of 
hydrogen by methyl, ethyl, or similar radiclea), with the chlorides, bromides, or iodides 
of the alconol-radides, compounds are formra which represent ammonium-salts in 
which ail the hydrogen is replaced by otlier radicles (see Amidbs, p. 17d) : c. g. 

K(Cr'H*)» +*C-HM = N.(C^H»)U 

Trleihjlamine* loDidnof Iodide of 
eUi3')* tetretli>lium. 

Notwithstanding the obvious analogy of this mode of formation to the formation of 
the salts pi amines by the action of the iodides, &c, of alcohol -radicles on am- 
monia g.\ 

NH» + C*H*I N.(C*mH»)I; 

Iodide of llyilrlodate of 

ethyl. ethylanilne. 

the seriation which connects this class of bodies with the ammonium -salts : — 


N.ir .H .H .H 
N.cm * . H . H . H 
N.C^H».C*nMtt .H 
N.C-'H- . . H 

N.C=*H* . C*H“ . C*H» . 


. I, hydriodate of ammonia, or iodide of ammonium, 

. I, „ cthylamino, „ othylium, 

. I, „ diethylamino „ diethylium, 

. I, „ triothylamine „ triethylium, 

. I, iodide of tctrctnyliuin ; 


and the applicability of the ammonium-theory to express the nature of the salts of the 
amines, as pointed out above — the derivatives of the ammonium-salts by the replace^ 
ment of all the hydrogen of the ammonium, nevertheless exhibit some important general 
differences from the salts of the amines. For example, when caustic potash or lime is 
added to a salt of ammonia, or of an amine, the salt is decomposed, even in the cold, and 
ammonia, or a derivative, is set at liberty; on the other hand, iodide of tetrothylium, 
or a similar compound, is not decomposed by potash ; it can however be decomposed 
by hydrate of silver; but, even then, there is no separation of a derivative of ammonia, 
but hydrate of tetrethylium, N.(C*II*)MI.O, or a similar body, is formed: 


N(C*n»)'I + AgHO « N(C*H»)tn.O + Agl. 

totlfde of Hydrate of 

tetrethylium. tetrethylium. 

In the first case, the hydrate of ammonium, which may be supposed to be formed in 
the first stage of the reaction, is decomposed into ammonia and water : in the second case, 
the substance which represents hydrate of ammonium is stable and has tho properties 
of a strong alkali. This difference makes it convenient to have some general term to dis- 
tinguish such 'bodies as hydrate of tetrethylium from such basic hydrates os decompose, 
ajt the moment of their formation, into a representative of amm^^nia and water. The 
former class of substances are therefore often spoken of as ammonium-hoMS, in contra- 
distinction to the amtne^ or ammonia-bases. 

The formation of the ammonium-bases is specially interesting in connection T^th 
Ibe theory of ammonium. It is impossible to isolate the hydrate of ammonium, which, 
according to that theory, exists in solution of ammonia, or to obtain a corresponding 
comp(mnd from any of the compound ammonias; but the aminonium-l^es are repre- 
sentatives of hj'drate of ammonium, which wrresponA to the hydrates of potassium 
and sodium, not only in their formulae, but very closely in their properties. ^ Their 
concentrated solution is caustic to the touch ; by evaporation, they are obtained as 
crystallme substances, very soluble in water, which liberate ammonia from its salts, 
dissolve most of the metallic oxides which are soluble in potash, and decompose com- 
pound ethers into the corresponding acid and alcohol. At a high temperature, 
are decomposed, with formation of a tertiary amine : 


N.(c*H•)^H.o - N.(C»H*y + cm* + H*0. 

Hydrate of Triotbyl- Ethy- 

tetrrtbyllum. ombie. lene. 

• Their iodides, or similar salts, are similarly decomposed by heat : 


- N(C»H»)» + COTX 

Iodide ef frlrthyl- Ipdl^ 

tecreitayltuiB. smioe. oTetbyl. 


. Hie tertiary derivatiYee of phocfphide, arsenide, and antiinmde of ujww- 
to jnreciae^ similar compounds by cofnbination with hydriodic ethers ima 

o 2 
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quent decomposition of tlie iodide so £drQ|edi .by hydrate of silyer. The decomposition 
^ heat of the hydrates of the differs from that of the correspond^ 

ing ammoniiuu-hiiueB ; e,g^ 

P(C*H*yH.O « P(C*H»)*0 + 

HydrAte of Oxide of Hydride of 

letrethyl- triethvlphoi- ^ ethyl. 

phoBphoniam. - phloe. 

PoiiTAMHONioK-BasEs. — These- compounds bear to the monammonium-bases 
just described, the same relation that the diamines . and triamines bear to the mon- 
amines : they may be considered as representing two or more molecules of hydrate of 
ammonium in which the whole or part of the hydrogen is replaced by polyatomic 
radicles. As in the case of the monammonium-bases, there is a difference between the 
polyammonium-bases in which only part of the hydrogen is replaced, and those in 
which it is all replaced : the former cannot be obtained in the isolated state y the latter 
are stable compounds and possess strong alkaline properties. But both these classes 
of hydrates havo been less studied, and are therefore hitherto less important, than the 
corresponding suits, which are for the most part equally stable, whether still containing 
replaceable hydrogen, or no. We shall therefore in this article treat of the X)oly- 
ammonium compounds generally, making no essential distinction between hydrates 
and other salts, or between those compounds in which the hydrogen of ammonium is 
wholly, and those in which it is partially replaced. Moreover, as the bodies of this 
class containing phosphorus and arsenic hare been at least as much studied as those 
containing nitrogen, it will be most convenient to speak of the action of polyatomic 
compounds on the basic derivatives of ammonia generally, taking as special examples 
of the various reactions hitherto known, compounds containing nitrogen, phosphorus, 
or atsenic, as these or those happen to be best known. 

A. Action of I)iatomic Chlorides, Bromides, or Iodidss : — 

1. On Ammonia, 

The experiments which have been made in this direction are almost confined to 
the action of bromide of ethylene on ammonia. The products thus formed are the 
following : 

Bibromide of ethylene-diammoniuum ... N*(C^^)H*Bi:* 


Bibromide of diethylene-diammonlum 




Dlbromide of tiieth 7 leno.duunmoniam . . . 

These compoTinds, •when distilled ■with potash, gire, lespectivety, ethylenamine, 

N»(;C*6*)H;, diethylenamine, and triethyleaamine, N‘(C^*)» bodies 

which are likewise acted on by bromide of ethylene, the final product being a substance 
reiy analogous to bromide of tetrethylium, and which is probably ^bromide of 

tetretMene-diammonium, N*(C%^)*Br^. 

2. On Primary derivatives of ammonia, primary amines. 

Bromide of ethylene gives with ethylaimne and phenylaimno : 


Bibromido of ethyleue-dicthyl-diammonium . 




Bibromide of diethylene-diethyl-diammonium 
and similar phenyl-compounds. 

3, On Tertiary derivatives of ammonia. 

Just as phasic acids can combine with one or with two atoms of ammoma> so like- 
^se can matomic ethers (such as chloride or bromide of ethylene, or iodide of mefhyr. 

com toe with one or with two atoms of the tertiary deriTatives of ammonia.^ 
Thus tnethylphosphine with bromide of ethylene gives the compounds — . « 

(C®H*)*P I ** ^wmethyl-triethylphosphonium’* (Hof mann). 

(C®H*yTBr* ) 

a[(C*H»)*P] { “ of ethylene-hexethyl-diphosphonium ’’(Hofmann). 

.^mine contained in these compounds is worth noticiiig. The 
addition ^ nitrate of sdver to a solution of the first expound pnedpitBtertov half 
the toraine contmned m it, hut nitrate of sUver precipitates aU the bramine conteined 
m the second. This difference is explained by Hofnu^ by supposing that I atom of 





m 


Ixromlna in the flist compound in conMi^ ^ tbo form of hromeiJ^yl^ C*H^Br : his 
Tiewof tho constilAition of the two eoii^[ 9 ^^ is expresaed in the names quoted 
abore. It is Dot» however, difficidt to account fbr the difference in the behaviour of 
the two bromides without mali^ this aujpraition. When we remember that the 
bromine in bromide of ethyl is not pr^|nti|t^ by nitrate of silver, but that it 
becomes so immediately bromi^ of ethyl is combined with ammonia or an axudogous 
body, it does not seem surprising that one of the two atoms of bromine in bromide of 
ethylene should become saline (or accessible to oMinaty reagents) when that body ia 
combined with ons molecule of a representative of ammonia, and that both atoms 
should become saline when it is combined with two molecules of an ammonia-deriva* 
tive. In all compounds formed upon the model of the first compound, only 1 atom of 
the salt-radicle is precipitable by nitrate of silver ; in all those mrmed upon the model 
of the second, both atoms are precipitable. 

The following are the most impo^nt transformations of the above or similar bodies. 

o. The compound ^ decomposed by heat thus : 

^ . C!»H*Br ) 




- HBr + 

Bromide of vtDyl*tii« 
ethjlphoephonium. 


b. When a dilute solution is treated with hydrate of silver, it loses all its bromina 
and gives |c*H*)*^*'^*|* regarded as a compound of trietbylphosphina 

with glycoL This substance is a strong base, but, as in the bromine compound, only ■ 
one half of the elements combined with the ethylene, are directly replaeeaue by acid 

radicles (s. y. hydrochloric acid gives | bromide of phosphorus, it 

regenerates the original bromine-compound. In a concentrated solution, hydrate of 
silver gives jap 1 1 differing from the last substance by the elements of an atom of 

water. This compound may be regarded as containing oxide of ethylene and triethyl- 
phosphine, and belongs to the same class of bodies as the bases ^ which Wurta ob- 
tained by the action of ammonia on oxide of ethylene : » 


c*mo ) 

(C*H»)*P( 

Ethylene-triethyl- 

hyaorphoaphloe. 


Dietbylene- 

dlhydonimina. 


3(C^)j 

Tk-Jethylene- 

trlhydoramlne. 


c. The same compound ia converted by acetate of silver at 100^ OL into acetate of 
vinyl-triethylphosphonium, P(C*H*)*G^\C^*0*. This reaction probably has two 
stages : — 

If this be so, the second staM of the reaction is precisely similar to the deemq^oat* 
tion already mentioned of the bromine-compound by heat 
<f. By nascent hydrogen it is converted into bromide of tetrethylpbosphoniuia : 

e. With derivatives of ammonia, it gives bodies of the typo of the second oomponiid* 
^ The following bodies have been eo obtained. 


C*H*Br» ) C*H^r» ) C»H«Br» 1 0*HW ) C*H«Br* 1 1 CmW ) 

(C*H*)*P I, (CPH»)*P I, (C»H*)*P L (C»H»)T [, <0»H*)TP k f. \ 

mk J bH»H*Nj (ch»)»nJ (ch^tJ (C'hw 

* It has already been stated that bodies of th is class part with all their faxomme^ to 
MltsoT^rar. Hydrate of eOrarsi'ree | end e imnw liodiea. IlMeo 

• ^ * 0*!H*H*.0*) 

are strong bases and g^ve the ecureipendingealtel^ the aetaon of arida. 2[(0W)^{ 

is decomposed Ij heat into • ewaponnd ■liae4j mentioned, ea do ii d eel 

• ne imfcMl aMi* tor boeit. ewlrtni awe »»• mlwe type J^l. nemrtr e«* *»w 

toni* kjmnmhm eei ipto n — MW («* to to o mtoeeto d MntoMei)mar 

(M* motor, MURe«araUnne> 
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y r**'Fr-*HT* > 

triethylphospliine, P(C*H»)»0.-^(?H‘^ J. fa decomposed by heat into 


triethylarsine, {C®II*)*As. 


(cm*yAs) 


B. Acnox OF Tbiatomic Chlobidxs, Bboiudbs, ob Iodides 
1. On Ammonia. 

Tribromide of glyceiyl, (C%;*)Br*, gives mtli ammonia a base containing NC*H*Bi* 
and bromide of ammonium. The reaction probably takes place according to the 
following stages : — 

1° C*H"Br» « C»H*Br* + HBr. 

2® 2(C*H^Br*) + - NC«H®Br* + 2HBr. 

the hydrobromic acid which is formed of course corahining with ammonia. The first 
stage of the reaction is analogous to the conversion of bromide of ethylene into brom* 
etliylene by the action of alcoholic potash : the compound, C*H*Br* may be regarded 
as dibrom-propylene» or as bromide of brom-allyl, (C*H’‘Br)lir. In the latter case, 

the product of its action on ammonia becomes N J /p,TT 47 a >; dil/rona^dioMylaminc^ 

In 

(Maxwell Simpson), 

2. On Primari/ derivatives of ammonia. 

Chloroform, ((!!H)C1*, reacts on phcnylamine, forming the hydrochlorate of a monoacid 
base, containing, C**II**N*, and which may bo considered as representing two molecules 

of phenylamino in which the radicle ((ill) replaces H* ; thus 
8. On Tertiary derivatiiics of ammonia. 

combines with throe molecules of triethylphosphino, giving 
3yC*H*)*P] [• compound parts with all its iodine to silver-salts, which accords 

with what IS said above respecting the compounds of bromide of ethylene with trio- 
tliyiphosphine. Its solution treated with hydrate of silver docs not nive a corresixnid- 

ing hydrate, hut — i-i ^ — _• — . 

phine. 


T> Vi uuua uui. give a corrcsjwiiti- 

b liydrato of methyl-triethylphosphonium and oxide of triethylphos- 


(dll)P 

3[(C«iP)»P] 


+ SAgHO 


f^7T*TTn > 

(CTEi»)»pi + 2r(C»n‘)*P.O] + 3AgI. 


C. AonoM op Tstbatomio Ckloiudbs, Bromides, ob Iodides ox Bebivattves 
OF Ammonia. 

Bichloride of carbon, (C)C1^ reacts on phenylamine thus: 

3(C®II’N) + CCP — 3HC1 + Hd 

3 mol. phony- 
lam i lie. 

The product of this reaction may be regarded as the hydrochlorate of a base de- 
riving from throe molecules of phenylamino by the substitution of ((5) for B*: viz. 


(Por details, see various 
the Articles X^osfbobvs, 


(C) 

H* 




^ jrs by Ilofmann, Proc, Soc, vols. ix. and x, also 
RSBXIO, AntIMONT.) 


Ammoxiom-bases coktaixixo Metaes. — ^A very iBTge number of oomDoiuidB 
have been obUined by different metallic salte^th m^onia. Some o?^ ^ese 

h^S!^ constitution to the salts of the omnio ammonium- ' 

derivatives of them. But it is impos^le to reduce the 
greato numto of them to any consistent system, biffore they ha^ themselves heen 
mmre thoron^ilj eimmine^ and we have more definite notions as to the atomicity of 
the metafa ^tained in them. Tlie following are examples of some of these 
po^^ which can be written as analogous to known or conceivable mganfa oom- 



Uth^ Cnn/mmii, Orpmtt jlmtigme*. 

N.HWtta . . . . WJB*.C*H*.a 


Nff(Hg>ra 

(arN®*(B«)*a*(») . 

N(Hg)*a . . 

(or N^Hg)^}!* (?) 


NH*Hga* 

H* 

(Hg) . 

(Hi) 

NH*(A)C1» 


N 

o-i 

1 


N’'H'>(Pt)Cl* 
*Hg - 200 


, . II.H>(0«H‘)KJL 

. . N*HXC?*H<)«Ca*. 

. . N(C*H*)*CL 

. . N*(C?H‘)*C1*, 

. . N(CH»)* (C‘fe*)Bt». 

N/H* 

. 0 j (C'!fet*) (unknown.) 

I l(C4l‘). 

. . P((?H»)*(CKk‘)Bi*. 

. P*(C>H')\C<b*)Br*. 


Tho attempts which have been made by some chemists to make formulie for many 
Other metallic derivatives of the ammoninm-salts, by supposing ammonium cabbie of 
replacing hydrogen in ammonium, or by assiuning the existence of such raoidos as 
l^Cl or Ptf>, may be described in words used with reference to another subject, by 
the author of one such attempt, os *^unwissenschaftliche Spielereien, die hier koine 
Jicriicksichtiguiig verdienen/' — G. 0. F, 


it,xmrzOTZC UQtrZA. (See Aixaittoxo and Amniotio Liquids.) 
AMOZBZTB. A mineral allied to nickel-glance, and probably identical wilh it. 


AMOBBHlBlMt. (G m. i. 102.) —Solid bodies which do not exhibit anyerystalline or 
regular stnictiirc, even in their minutest partides, are said to l)e amorphous privative, 
and form). Such arc opal and other forms of silica, also glass, obsiaian, pumice 

stone, bitumen, resins, coal, albumiiious substances, and numerous procipitates. Such 
bodies have a smooth conchoidal fracture, never exhibiting a granulated appearance on the 
V)roken surface ; they have no particular planes of cleavage, such as are found in ciystalst 
but require the same amount of force to separate them in all directions: they also 
contluct heat equally in all directions, and never exhibit double refraction, excepting 
when pressed or otherwise brouglit into a forced state. In short, tho essentid character 
of an amorphous body is perfect uniformity of structure in every direction, each p^cle 
being similarly related to all those which surround it, the character of a fluid without 
its mobility, whereas in crystaUisod or organised* bodies, tho molecular forces act with 
gTi'atest energy in certain lines of axes, thereby determining an amngement of the 
particles acco^ing to fixed laws, and causing the body to exhibit different degrees of 
tenacity, elasticity, permeability, refracting power, and conducting ^wer for heat and 
electricity in different directions. It must not bo assumed tliat a body is amorphous 
because it does not exhibit a regular shape in the mass : marble and loaf-sugar hays 
no definite external form ; but they consist of aggregates of minute crystals, and when 
broken, exhibit, not a conchoidal, but a granular fhictur^ 

The amorphous state is by no means peculiar to certain substances, a great number 
of bodies being capable of existing both in the amorphous and in the ciystalline state. 
Sulphur, when it soli^fies slowly from fhsion or solution, forms regular ciystals, but 
when poured in the melted state into cold water, it solidifies m a soft, plamc, viscid 
mass, capable of being drawn out into threads, and exhibiting no trace whatever 
of crystalline structure. Phosphorus also assumes a regular crystalline form when 
slow’ly cooled from solution in bisulphide of carbon or from frision, but when east into 
moulds and quickly cooled, it fbrms a waxv solid, having a conchoidal frfacture ; and 
by other modes of treatment to be described hereafter, it may be reduced to a peifeetl/ 
amorphous red powder. Cazbon is aystaliine in the diamond and in graphite ; amor* 
phons in e harwMklj lamp-blacky and the various other forms which it anaumes whan 
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separated from (nganie bodiM bv imperfect oombuatton. ^ Boron and silicon exhibit 
similar varieties. Arsenious aeiaf as it collects in the chimneys of frimaces in which 
arsenical ores are roasted is a glas^ amorphous mass ; but dissolving it in hot 
fmter or hydrochloric acid, and leaving the solution to cool, it is obtained in tbe my- 
' stallinc form (see Ausenic). Native sulphide of antimony, which is crystalline, may 
bo rendered amorphous by melting it in a glass tube and plunging the tube into ice- 
cold water: and by melting it again and cooling slowly, tlie crystalline structure may 
be restored. Similar transformations may be effected with native sulphide of meremy^ 
also with the minerals Vesuvian and Axinite, and certain varieties of garnet. Glass, 
which is perhaps the most characteristic of amorphous bodies, may be devitiified by 
keeping it for some time in the soft state at a high temperature : it then acquires a 
ciystalljne structure and becomes nearly opaque, forming the substance called Beau- 
mur’s porcelain. Generally speaking, rapid cooling from fusion is favourable to the 
assumption of the umorohous structure, while crystallisation is promoted by slow cool- 
ing, the particles then having time to arrange themselves in a definite manner. It is 
also true to a great extent that bodies which pass at once from the perfectly fluid to 
tlie solid state, — water, for instance, — crystallise on solidifying, whereas those which 
pass through the viscous form, like glass, solidify in the amorphous state ; to this, how- 
ever there are some striking exceptions : thus sugar, the solution of which is ex- 
tremely viscid when concentrated, solidifies by slow evaporation in crystals of great 
size and regularity. 

The passage from the amorphous to the crystalline state sometimes takes place 
spontaneously, the body all the while remaining solid. Vitreous arsenious acid, which, 
when recently prepared, is perfectly transparent^ becomes turbid when loft to itself for 
a few months, and subsequently white and opaque. Sugar which has been melted in 
the form of barley-sugar is in the vitreous state, but after a while acquires a crystal* 
lino structure and becomes opaque. These phenomena show that the molecules of 
bodies, even in the solid state, possess a certain freedom of motion. 

The change from the amorphous to the crystalline condition, or the contrary, is 
generally accompanied by an alteration of other physical properties. Bodies are for 
the most part denser and less soluble in the crystalline than in the amorphous state, 
and have less specific heat. Vesuvian, which ciystellises in square prisms of specific 
gravity about 3'4, and garnet, which occurs in rhombic dodecahedrons of specific 
gravity 3 '63, both form by fusion and subsequent cooling, transparent glasses whose 
specific gravity is about 2*95, so that, in passing from the crystalline to the amorphous 
state, garnet suffers an expansion of about J and vesuvian of The glass also dis- 
solves readily in hydrochloric acicl,^ whereas the crystallised minerals are quite 
insoluble. Many other crystalline siliceous minerals not soluble in acids become so 
Ijy ftision, probably from the same causes. ^ Quartz, which is crystallised silica, is 
much harder and denser than opal, which is the same chemical compound in the 
amorphous state. Quartz-powder dissolves but veiy slowly in boiling potasli-ley and 
18 quite insoluble in that liquid when cold, whereas pulverised opal is gradually dis- 
solved at ordinuiy temperatures and in a few minutes at the boiling heat. A remark- 
able exception to the general rule is, however, presented by arsenious aci^ which is 
both less dense and more soluble in the crystalline than in the vitreous state. 

Another difference first observed by Graham is, that bodies have greater specific 

<sry8taJline state. Ordinary phorohate of sodium 
(1 0 Na il) solidifies from fusion in the vitreous state ; the corresponding arsenate in 
the crystwlino form : now the former in solidifying gives out perceptibly less heat in 
Il given time than the latter, a greater portion of the latent heat of wion appearing to 
bo retained by It. Connected with this law is the remarkable phenomenon^ inSm- 
desoence whi^ many bodies exhibit when their temperature is gradually raised. 
Hydrated oxide of chromium if heated merely to the point at which it parte with ite 
water, remains nearly as soluble in acids as before, but if the heat be ra&d nearly to 
redness, the oxide suddonlv l^mes incandescent, and is afterwards found to be much 
deMer and nearly insoluble m acids. Similar phenomena are exhibited by alumina 
and zireoma. Gadolimte (silicate of yttrium) which in its natural state exhibits a 

vividly inejnde.^t wheu 


JZ? i-uougu irn aosoiute weight remains unaltered. Vitrei aisenW 
exhibits mcMdescence in passing from the amorphous to the ciyetal- 
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AMMUO ACSH* Ajol ttdd iioMik iritb iHlU(7lii3 acid^ CHH)** obtoiiwd' iti 
small qnantily by actioii of stioag nitzie aeid vfa^ those sehist-oils whifih boil 
between^ and C. Hcric add a dowolent matter are formed at the same time, 

Ampelicr acid is a white substance, without odour, nearly insoluble in cold water,' bqA 
little soluble in boilino water. Its solution i^dens litmus. Boiling alcohol and ethS^ 
dissolve it readily* ana on cooling deposit it in the form of a powder, having a scartsely 
perceptible c^stalline character. Saturated with ammonia, it exhibits the following 
rations, mth chloride of caldum, a white predpitat^ which does not form when 
hot; the mixture deposits crystals on cooling. No predpitate with the chlorides of 
barium, strontium, manganese, or mercuiv. A green predpitate with aoeta^ of 
nickel; blue with acetate of copper; and white with acetate and nitrate of lead. 
(Laurent, Ann. Ch. Phys. [2] Ixiv. 325.) 

ABIPS&XV. a substance resembling creosote, obtained fh>m that portion of 
schist-oil which boils between 200 ^ and 280^ C. The oil is shaken up sevraal times 
with strong sulphuric acid, then mixed with ^ or 3 ^ of its bulk of Mueous potash, and 
Uie liquid 18 left at rest for a day. The lower watery layer of liquid is then separated 
from the upper oily layer, and shaken up with dilute sulphuric add, and the ou which 
rises to the surface is removed with a pipette, and gently heated with 10 or $t 0 times 
its bulk of water, which dissolves the ampelin, leaving a small quantity of oil. On 
separating this oil, and adding a few drops of sulphuno add to the aqueous solution, 
the ampeun rises to the surface in the form of an oil, having a slight brownish tint. 

Ampelin dissolves in 40 or 60 times its volume of water, and is separated ^m the 
solution by a few drops of sulphuric or ni^c acid, even when very dilute. Potash, so^ 
and their carbonates render the solution slightly turbid at the first instant, but it recovers 
its transparency when heated. Carbonate of ammonium renders it permanentiy turbid. 
Chloride of sodium or chloride of ammonium added to a solution of ampelin in caustic 
potash or carbonate of potassium separates the anmlin, which ia then not redissolved 
on heating the liquid. Ampelin dissolves in alcohol, and in all proportions in ether. 

It does not solidify at — 20 <^ C. It is decomposed by distiUation. yieldbg water, a light 
oil, and charooaL Boiling nitric acid attacks it strongly, producing o:wio aqid, and 
an insoluble viscous substance. (Laurent, Ann. Ch. Phys. [2] Ixiv. 821.) 

BJMVBIBOZdB and AMVSlBO&ITa. (See Hobnblbndx.) 

A]m»BZ]> SjaXTB* A name applied by Berzelius to salts which, according to 
hi» views, are compounds of two oxides^ sidphidcs, selcnides, or tellurides, e. a. sulj^ato 
of copper, CuO.SO*; sulpharsenate of potMsiuro, 3K*S.As*S*; sulpbantimonata of 
sodium, 3Na*S.Sb^S*, Acc.,— such salts containing three ultimate elements — in contra- 
distinction to the haloid-salts, namely, the emorides, bromides, iodides, &c., which 
.-ire binary compounds of the first order, containing only two elements, such as chloride 
of sodium, NaOl, iodide of silver, Agl, &c. It is evident that the so-called amhid 
salts are those which belong to the water-type, e, g, nitrate of copper, GuO.N*CP « 

SulphaTMnate of potassium, SK’S-As’S’ - whersM th. 

haloid-compounds belong to the type HH or HCL 

AM9BZOXVB. ' See Leucitb. 


AMFRXXtPOXTB. See DiDBiiirns. — AMFKOBB&ITa. See Anobtuitb. 

A.C1Z1>, C^H”0** — ^Produced by the metamorphosis of amygdalin 
under the influence of alkalis. Amygdalin dissolves in cold baiyta-water without 
aec^p^ition, but on boiling the mixture, ammonia is disengaged. The ebullition la 
continued until the liberation of ammonia ceases altogether; a current of earbonio 
acid IS then passed through the liquid, to precipitate the excess of baryta; and the 
acid IS finally liberated from the barium^salt by cautious preeipitation with sulphurio 
aad. It M a slightly acid liquid, which dries up to a gummy mass, — insoluble in 
aytsoluto wcohol, cold or boiliiig, and insoluble in ether. Boued with a mixture of 
pwxide of mimgaiiese and sulphuric acid, it yields formic and carbonic acids and hydride 
or beneoyL ^ salts are sot well defined; they are more or loss soluble in water. 
(Liebig and WdhUr, Aaa. Cb. Plumn., Ixiv. 186.) 

Amygdalate of ethyl is obtained, according to Wohler, by dropping a mixture of 
• «®ygdahn into hydroddoric add gas. (W dhler, Ann, Uu Phans. Ixvi 


^H**N0** + 3H*0. — ^A erystaUise principle existizm la hitfsiw 
^ (krastis loMero-oerants, and many otW plants, which by 
tiilation yield hydrocyanic add. The bitter-almond oil and hydrocyaaie add m 
those plants, but are the result of the decompositaoa of 
^^gMin unto ^e influence of emulsin, a nitrogcnised fermentable prindj^ — 
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To prepare amjgdaUn, — the oil is expressed fiem the r^te of bitter-almonds, and 
■ the residual mass extracted with boiling alcohol. This alooholic solution, is rendered 
turbid b;^ the presence of globules of oil, which are allowed to collect and separated by 
^cantation ; it is then cyaporatod to half its original volume, and the amygdalin 
separated by the addition of ether, in which it is insoluble. The precipitated amyg- 
dalin is pressed between folds of bibulous pa]'>er, washed udth ether, and finally ciys- 
tallised from concentrated boiling alcohol. (Liebig and Wohler.) 

Amygdalin crystallises in white scales having a pearly lustre, insoluble in ether, but 
very solulde in water, from which it crystallises in thin transparent prisms containipg 
3 atoms of water of crystallisation. Its aqueous solution lias a slightly bitter taste. 
It deflects the plane of polarisation of a ray of light to the left : [a] » 35 ‘51. The 
change which amygdalin undergoes by the action of emulsin (and other albuminous 
vegetable principles), is expressed by the following equation : 

+ 2mo « cm*o + cnh + 2C«h«o« 

Aiujrgdikllo* Hydride Hydro- Glucoie. 

of benzoyl, cyanic 
acid. 

By distillation with nitric acid, or other oxidising agents, it is resolved into am- 
monia, hydride of benzoyl, benzoic, formic, and carbonic acidis. Caustic alk^ con- 
vert it iiito amygdalie acid. 

It is a neutral body, forming compounds neither with acids nor with alkalis. 

AMT&; or C»n« (Ora. xi. pp. 1—83; Oerh. ii. pp. 676— 708).— The 
fifth term of the series of alcohol-radicles, The alcohol in an impure state 

(potato-fusel oil), app&irs to have been first noticed by Scheele; and has been inves- 
tigated, together with its derivatives, by Pelletan (J. Chim. med. i. 76, also Ann. 
Ch. Pliys. j2] XXX. 200), Dumas (Ann. Ch. Phys. [2] Ivi. 314; Dumas and Stas, 
Aim. Ch. Phys. [2] Ixxiii. 128); Ca hours (Ann. Oh. Phys. [2] Ixx. 81, Ixv. 193); 
and Balard, Ann. Ch. Phys. [3] xii. 294). The radicle itself was isolated by Prank- 
land in 1849. (Chum. 8oo. Qu. J. iii. 307; Ann. Ch. Pharm. Ixxiv. 41.) 

Amf/l in tU free state, C‘®H« « C*H»hC*n>’, is prepared by the action of zinc- 
amalgam upon iodide of amyl, the reaction being completed by the addition of potas- 
sium (K ran k land). — 2. By the action of sodium upon iodide of amyl (Wurtz). 

3. By the eloctivlysis of enproate of potassium (Brazier and G ossleth). — 4. By the 
destructive distillation of certain kinds of coal (Groville Williams). 

(1.) Pasty zinc-amalgam is brought into the copper cylinder used in the preparation 
of zinc-ethyl (see Ethyl) : the cylinder is then half filled with granulated zinc and 
iodide of am^yl is added. After gently unarming to expel the air, the cylinder is closed 
and heated for several hours at about 170^ C. After cooling, it is opened and potassium 
IS added (about Ath by weight of tho iodide of amyl employed). The cylinder is 
agum dosed and heated for an hour at tlie same temperature. To obtain the amyl, 
the cylinder is lieaUnl in a water-bath at 80*^ C., whereupon amylene and hydride of 
amyl pass over. On applying the heat of a nuked flame, amyl distils over, and may 
be purified by one roctiticat ion. (Prank land.) 

amyl is warmed with sodium, and distilled; the product again dis- 
from sodium and rectified, the portion which passes over at 158® C. being collected 
apart. (Wurtz. Ann. Ch. Phys, [3] xUv, 276.) e 

(3.) A coucimt rated solution of caproate of potassium is submitted to the electrolytic 
action of BIX zino-carbon elements, tho platinum poles being separated by a porous 
^apbragm. Amyl coUectts u^n the surface of the liquid surrbul^ing Se nSvo 
o alcoholic caustic potash apd washed with watS*. (Brazier 
ana uossJoth, Chem. Soc. Qu. J. ui..221.) 

'? “ snbmittcd U> fractional wwtifleation, the portion boUing be- 
ta Z r • the product tbns obfened is submitted 

*'eing diecked by cold. The 
“PP®" of which is uain shaken 
MMtio SainH y**’ P"**“®* reniained unacted upon is washed with 

*«'ro»'wivcly, dried with solid canstie pota«\ and distilled over 

i?i7^47.r“ (C. Oteville 

•8«e»We smell and bnmi»^-Jarfv 
jyecmcflTavjtv, 0 77at HOC.— Boibng-pomt 155®— 169®C. Vaponr-densitv 4*90. It 

“ not acteS^ hr fLiag ai^ 
a^owly attacked by nitric and nitro-sulphtirie acids, and decomnosed 
after long digestion with pentachloride of phosphorus. ‘“oon'powa 

**?*?*,?;? A’‘tn* — rrepar^ by the action afhromine and phosphOTiia upon 
amyhe aleoliol(Cahours, Ann. Ol Phys. [2] b™. 98). In three flasks LepU^m^ 



tirdv 15 ptsL of i^lic aleohol, ^ pti. ^bi^ind, aiid 1 pt. of phoi^oim A Httli 
of tne bromine is added to liie amylie alcohol^ and the latter is poured upon a&<l 
digested with the pho^orua to decoloration. It is then ponred into its own 
and a little more bromine is added. The process is repeated, and the final prodt|Qt i# - 
washed with water, dried, and rectified. 

. Bromide of amjl is 'a transparent colourless liquid, heavier than water. It has an 
alliaceous odour and sharp tai^. It is soluble in alcohol, insoluble in water. De» 
composes by boiling with alooholic caustic potash. 

Chlosidb ofAktl, C*H''CL — Obtained the action of strong hydroohlono Mid 

upon amylic alcohol (Balard, Ann. ChrPhys. [3f xii. 294) ; also by. uie action of praia- - 
chloride of phosphorus upon amylic alcohoL (Cahours.) 

Preparatum, — 1. Amylic alcohol is heated in a retort to 110® C., a rapid current ot 
hydrochloric acid being passed through the tubulus into the amylic alcohol; the ^ 
chloride of amyh as it is formed distus over. When the retort is nearly empty the 
distillate is poured back, and the same process repeated (Guthrie), The product is 
then shaken ^lith strong hydrochloric acid, in which amylic alcohol is sojuble^ ohlmide 
of amyl insoluble, — ^then with water. 

2. Amylic alcohol is distilled with its own weight of pentachloride of phosphorus, 
washed, dried, and rectified. 

Chloride of amyl is a colourless, transparent, neutral liquid, of agreeable odour. It 
boils at 101® C. Vapour-density, 3-8. Burns with a luminous flame bordered with 
green. 

Chlorine acts upon chloride of amyl, giving rise to Bubatitution-products. which go 
as far as C»H»CBCL ^ b 


Ctanidb op Amtl. See Gtamides. 

IIyduate op Amti., or AiiTL-AtcoHoi., C*H**0 ■* [opC'**J7>*G* 

C*^fP'O.HO ]. — AmylaU of Hydrogen, ^ Hydrate of Amyl, Hydrate of Pmtyl, 
drat(d Oxide of Amyl, Ftteel^oil. — This al(K>hol seems invariably to accompany ethyue 
alcohol (see Alcohols, p, 97) when the latter is formed by fermentation. The conditions 
f»f its formation are unknown; it seems, however, to occur in largest quantity in those 
li<juids which remain most alkaline during fermentation. In the distillation of vege- 
table juices which have been fermented, the latter portions of the distillate contain 
water, ethylic, propylic (?)butylie and amylic alcohols, besides the acids and aldehydes 
of these alcohols and probably higher fatty acids and aldehydes. To obtain tbo pure 
aiTjylic alcohol from the crude product, it is shaken several times with hot milk of Ume, 
decanted, dried over chloride of calcium, and rectified at 132® 0. 


. _ _ smoky 

Specific gravity 0’811 at 19® C. Boiling-point 132® C. Vapour-density 8*147. 
Sohiblo in common alcohol and ether, nearly insoluble in water' It dissolves small 
quantities of sulplmr and phosphorus. 

According to Pasteur (Compt: rend. xli.'296), ordinary amylic alcohol is a tnixtnre 
of two amylic alcohols identical in chemical composition and vapour-density, but 
ditfcring in their optical properties, one of them turning the plane or polarisation of a 
ray of light to the left, while the other is opticially inactive. A difierence of solubility in 
some of the salts obtained from the mixed alcohols, furnishes the means of their separa- 
tion ; the active omyl-sulphate of barium is 2§ times more soluble in water tbM the 
corresponding inactive salt. The optical rotatory power of amylic alcohol varies, on 
account of its being a variable mixture of these two modifications. This dififerenoe in 
the two a^lic alcohols is said to be traceable in some other of their derivatives, a. g. 
c^poic acid prepared from active cyanide of amyl, rotates the plane of polarisatloit 
(wurtz.) 

Decompositions of Amyl^alcohol. — 1. By heat. The vapour of amyl-alcohol passed 
through a glass tube heated to dull redness, is resolved into tritylene (propylene) 
tnarsh-^ and other hydrocarbons. (R^nolds.) 

2^By oxidation, — Amyl-alcohol is difficult to set on fire, and burns with a white 
■.ABMto4laine. In contact with the air at ordinary temperatures, it is veiy slowly 
oxidised and acquires a slight add reaction. The oxidation is greatly occeLenMiad ^ 

the presence of platinum-black, the omyl-alcobol being then converted into Taknii 
acid: .r — o 

♦ 0« - + H*0. 

Amyl-aleohol disrilled with a misture of mlphuric add and peiOBide of mangaaeia or 
j^hsomate of potaaslnin, yidds vakrio aldehydcv valeric acid, and valerate of an^ < 
same pfoduets, together with nitrite of amyl and hydfwyanie add, are Ibniied 
by the netSm of nitric add. Amyl-alcohol is also converts into valeric add by heat- 
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isig it to 0. witib a mistare of Hme anif ii jdrate of potmram^^jdFt^gon gaa beii^ 
•reived: 

C*H**0 + KHO « C»H»KO» + 4H: 

Amyl* Valerate of 

alcohol. 


9. By aylphurio add* — ^Amyl-alcohol mixes ^adily with'stroDgsulphixricacidy fomung 
a red bquid, which contains amylsalphuric acid, as weUas free sulphuric 

acid. On distilling the mixtoro, the amyl-alcohol is dehydrated, aiiid amylene, 
passes over, together with the polymeric compoonds, and and perhaps 

alio an^lic etW, at me same time, however, a poition of the alcohol is 

oxidisea and converted into valeric aldehyde and valeric acid, salphurona add being 
••yoived and a black pitchy mass remaining in the retort. 

2 >hoapkoricadd^ amyl-alcohol yields amyl-phosphoric acid, 

“til phosphoric anhydride, it is converted into amylene and its multiples. 
mae of phosphorus converts amyl-alcohol into phosphite of amyl, amyl* 
chloride of amyl, and hydrochloric add : 

+ PCI* = P0*.(C*H“)».H + C‘H''a + 2HCL 

> ; ! Phosphite of amyl, 

li(0*H''.H.O) + PCI* - PO*.C‘H'*.H» + 2C*H“C1 + HCL 

AinylphoaphorolU 
add. 

6. With peniaohloride of phosphorus, amyl-alcohol forms chloride of amyl, hydros 
Chloric acid, and chlorophosphoric acid, or, when the amyl-alcohol is in excess, diamyl- 
phosphoric add : 

+ PC1» « Cm»Cl + HOI + POCl* 

Chlorophos* 
pboric 
acid. 


and 0(C»H».H.O) + 2PC1» 


. 6C*H»C1 + 6HC1 + 2rP0<.(0»H»)*.H] + H*0.^ 

1) lamylphospboric 
acid. 


7* CfdoTtn^as is absorbed in large quantity by amyl-aleohol and forms chloramylaL 
• wmpound homologoas with chloral.— 8. Amyl-alcohol abaorha hudroehlork m>idga$ 
an d mix y with the concentrated aqueous acid ; on heating the mixture chloride of amyl 
IS formed.— 9. It dissolves, with the aid of heat, in a concentrated aqueous solution of 
emntUofsino, forming a liquid which boils at ISOOC., and yields a distillate of amylene 
multiples.— -10, Distilled with phosphorus and hromins or iodine, it yields 
wide of amyl.— 11. Distilled with flucrids of boron, ot fluoride of silicon, 
^ niultiples, but little or no oxide of amyl.— 11. Phosgene gas 

W amyl-alcohol, forming chloroformate of amyl, and tfi© liquid 
When distiUed yields carbonate of amyl (Medlock) [with evolution of phosgene (?)] 

C"H".H.O + COCl* » CC10».C*H” + HCl. 

Phos- Chloroformate 
gene. of amyl. 

and 2(CC10» C*H“) -• CO*.(C*H»*)* 

Carbonate of 
amyl. 
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S^W^hof(M ^ockH “dding water to the of phoagen. to 

2(Cao*.C^'>) + H»o - C0*.{0*H")* + 2HC1 + CO* 

^ prodttcto eimilar to those whid^it yielcU^ 
C*H'*0 + CNCl + H*0 - C*H'*I10* + HCL 


Amyl. 

alcohol. 


Amyl-ure- 
thane. 


Wii-ii metallic chlorides in the same manner as ethvW* 

totome of to 14^ C*to ."S'* “ **5 

a, the contelite are dktiUed from a water bath at 60® *{1^ 

-Of amyhme «« 1 1^0 of «ovl Trottotr-iaSSM-J^STfe^ 





mlDhune a^.wbich letainB the ^fcoe. liMt|T; thf hgrdxid*4 

(hm s weter-beth waklend, FhatmTlsz^^U). Oji 

liqaid, heviag.e ple«aM^4)<aioiirv- S[>^^ gnt^igr at 

30® C. Viqpobr-deiisity 2'8$2L ; 

loDiDV OT A MTi, PreEkared % thi ^on of l^ne aad pl^m 

amjlio alcobi^ 0^1iour8» Ana. Oh. Phjs. [2] IsdS. . 81). o; 

plao^ in one Imk anAnBOECess of phcumhoma in loio&iir. Soyen pa^ of i 
alcohol am pouwaj^si the iodin^ lfe iiqmd ] 

poured npon the phoq^nu and diffesM ^ the eblonr 

upon the iodin<s and M .eh, till all we iodihe la aachaiutede /Tfae' iieai^ 

product 80 obtained, ilf %a8bed with idi^tly alluditie water, dided 
c^dum and xectided. The latter portbns are the purmh ‘ * 

Iodide of amyl is a colourless transpmnt liquid of fisini odour $ 

Specific grayity 1*511 at 11^ C. Boiling-point 146^. Vapour-densltiy i^ 
brown on exposure to light. " ] 

OxiDB OF Ahyl. C'*H«0 =3 (C*H»)*0 For 
of Amyl, — Prepared by the action of sulphurio acid on 
sulphuric acid is heated to 160® C. in a retort and amyl-alooliM^i^OwM id enter 
slowly throngh the tubulus ; the distillate ia then shaken with osrbohate of sodiunt 
washed and reetifloA-^-fif By the action of amylate of potassinni ph ipdids of aniyl. 
Amvlate of potassium is digested in a retort connected with an inveited ; eon- 

j *: *ii. 1 ^ f j Ai . — iS-:' 





Oxide of A-myl and Ethyl, C’H“0=C*H*.0*H''.0. Amylat«<i 

r. Prepared by the action of amylato of potwinm npon ' 

.1 A. • /T«r • 11 r ^ 


of Amyl, Ethyka^ie Ether, ^ ^ . 

iodide of ethyl or oTlodide of amyl upon ethylate t>f potassium. (WilUamso n, Oh^o* 
Soc. Qa> d- vve 108, 234.)-— (1.) A known wmght of potassinm is dissolved in ab^h^ 

idedin sufficient quantity 


alcohol in a tubulated retort ; iodide of amyl is add 

to be rather less than,! at. of iodine for every at. of potassium in the . 

potassium; the retort is connected with an inverted oondensai; and the Sotfy/ttjlW 
are digest^ for some time. After distillation, water is ad^ed, and the J^uid wfi^ 
'8q)anites out is dried and rectified.—- (2.) Iodide of ethyl is addM to a h^ sblu^ 
of potash in amylic alooho^ digested sa, as in 1 (Guthrie). Amylate 
a oolourieas tn^parent liquid of agreeable odour, similar to that of i 
lighter than water. Boiling-point 11^ 0. Vapomsdensity 4*04. > 

Amylate of Methyl, m&ethylate qf Amyl, C«H»0 » CH».C*H",0, fip J 
the same manner as (l)*amylate of e&yl ( w illiamson). Boils at 02^v 
density 8*74, 

Amylate of Potaeeium^ CWKO. — On bringii^ freshly o# potassium 
amylic alooh<A the potassium is dissolved and ny£ogen is evmysd. To piMtsto' ’ 
body in a state of purify, the action is aided by beat until the mass beooMi^iif 
Any globules of metal which have remained unacted upon am removeA ihe 
duct IS poured upon a cold slab, and allowed to solidify. It ia then strong 
between many folds of bibulous paper to remove the unaltamd aafyUe a&sohoL 



Amylate of jpotassiam is a mystalline white body, soapy to the Ibu^ slid idicajm 
to the taste, soluble in the alcohols. ‘By water it is 1 lists iIt1J j|Mi1rait<Nl suillMt" 

alcohol and hyciaMip o f pot assium. ^ “ ' 

Ait^late qf eodivm, Cm*iKaO. Closely resemhlsa amylate a(f |iraiMilto " : 4 

Sni:.FntnBs of Ahtl. Protoeulpkide of 

B^uivalent q^antitiei of amylsulphate and monosolphide or note 

B^ed in aietort (by solution and evapteion) and distftte ^isIlir^Aw 
^1^ 848). Colourless liquid of offensive odour. Boilinjrte^t 218^ 04 


^»swM«tfs of Amyl, by distilling together 

tedBhide of p^ (O. Henry, Ann. Ch. I%ys. [3] xuw 246).': 

.JjgsicUt BoiHng at about 260®. Spedfie geavify *918 at 18® O. 
^^ff^yhide a/ Amyhoknd Hydroyee^: Amyl-meremtan, 
moared liy{ eatedte eoustie potash with anl^uiietted 

retort in pf eili 
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but insolubl»inirater. Specific gravity 0 845 at 0® C. Bofling-point about 120 C. 
Vapour-denrity J-aai. It combtees with metalUc oxiaes. _ 

^ mcrcurj/ is obtained m a colourless iqrad on bunging amyl- 
mecewtan iaSeatact with mercuric oxide. The' mixture relidifles to a solid mass on 
»n.\Hng ’nM) ' compound is insoluble in Water, but soluble la boibng aiepboL The 
other amylmercflptfdca aje not distinctly known. 

Sulphide of Carbonyl, Anvh and Hydrogen. AmyhxdphoMomc acid, 

C^**S*0 - iSmnrI S.-~The free acid is prepared from tha 


Amylaantkio add. 

rk>ta8sium«aa]t hy treating the aqueous solutioiiidf the latter witii' dilute hydrochloric 
acid CBalard, Ann. Che Kts. [3] xii. 307). Light yellow opy liquid, of penetmtiug 
odour, heavier than watCT, acid to test paper. It w quickly decomposed hy water. 

Amvlxanihate of poiasaiu7Ji, C»11*'.K.S*0.— A cold saturated solution of hydrate ^ 
potassium in amylic alcohol, is treated with bisulphide of carlioa untU alkaline 
reaction fuis disappeared, and tJie yellow crystals of the potassium-salt which separate 
out on cooling, are washed with ether, and dried between blotting paper. , 

The ethyl and methyl salts of iimylxanthic arid, are formed by digesting equivalent 
quantities of etl^lsulphate or methylsiilphate of potassium, with amylsulphocarbonate 
of potassium, ^hey are oily liquids lighti r than water. (Johnson, Chem. Soc. Qu. J, 

^ l^lvysulphocarhonate of Amyl C«K"S-0.-TJie compound so-called, which contains 
1 at. hydrogen less than aniylxantliic ncid. is prodjmed by the action of iodine 
on iimylxartithatc of potassium. It i.s an.olly liquid wliimi boils at 187° C, undergoing 
decomposition at the same time, and yiehling among other products amykanthate of 
amyl, CTO.(C*11")*. Digested with aqueous ammonia, it yiolik Jimylsuntliate of 

ammonium, and xantkamylamide or sidph^carhamate of amyl, Q 

2e'H.*'S'‘’0 + 2NIP « CS^O.C^H’bNID + COI^^NSO + S. 


Dinxffiulpho. 
cai boiiiiic of 
ninyi. 


Amylxanthate of 
ammonium. 


Xanthamy* 

lamide. 


The hist mentioned compound, xanthamylamide, is a yellow neutral oily which boils 
dt 184° 0. but not witliout decomposition, being resolved by distillation into amyl- 
mcrcaptan and cyanuric acid : 


armiTHTsrsA anmns 




Heated on platinum foil, it burns w ith a ydlow luminous flame, giving off white 
THpours. Boiled with hydrate of barium, it is resolved into amyl-alcc&Ql and sulpho- 
cyanido of barium : 

2C‘H’»NS0 + Ba"K*0* = 2C»Il"0 + (CKS)^Ba" + 2H*0 ; 
similarly with potash. It is decomposed by chlorine and by nitric acid. 

Xar^thamyiamide is insoluble in water, but dissolves readily in alcohol and ether. 
It unites with chloride ofHincrcury, forming the comjiound 0'H^*NS0;4Hi^l, wlii^ 
ciystallisos in white feathery crystals. With dichloride of platinuto dissolved in 
water, it forms a yellow precipitate. (M. W. Jo h n s on, Chem l&c. Qm J. T. 142.) 

.if tfciVf, (see next page). ddi 

TaLLUKiDB OK Aitvf.i OF Tki.lvr A M YL, (C*II'M^-Te. has been obtained l|f 
an impure state by distiiJiug telluriclo of potassium with umylsul^ate of calciiun. 

is a liquid having a strong disagreeable odour, and boiling at about 198° 0. but 
decomposing at the same time, and depositing tellurium in small ehining prisms Bjr 
exposui ‘0 to the air it is converted into a white mass. The nitrate of tcUttramyl 
is a colourless heavy oil, obtained by heating tcHurarayl with moderately stA»ng nitrio 
0^ Treated w^ith the bromide, chloride, or iodide of hydru^n dr sodium, yi^d^ 
the Cpirespondiijg^C^ of telluramyl in the form of viscid heavy : 

dhk^uda uoatM with oxide of silver, yields oxwfe of hlluramyl in the foriu of att OllJ/ 
l^iiid soluble in w ater, and so strongly alkaline that it separatnes ammonia fton* aafe : 
anth^niac. It forms a crjwtalline salt with sulphuric acid. (Wohler and Deaik 
Ch* Phorm. xevii. l.)~F. O, ^ ^ ^ 


«» C*H**.n® N, Amyhmmonia, dit^fka.--APhk 
le^xvnied; fl.) By heating cyanate orcyanurate ofan^ with .diu»tictnninah (Wlrla^ 

- " ^ WO.C*H» ♦ 2KHO ^ (7C^ ^ 


CMbsieor 


HyCmte 

of 


mine. 





AifYLAMUn^S. m 

(2 ) III destructive rfistillatioiJ of animal sulietances (Andersbii)^(3.) By heat- 
ing am3’lsaiplttito of ptasaium with tdcoholic^miponiatto 250® C. thelo t> —(4.) 

Bv the dry distillation of leucine, carbonic auliydxide being at ta6 liaiae tm evolved 
(Schwanert, Aim. Ch. Pham, cii, 221); ? ; 

- + CO* . ' 

\ — I - Wi-.,—- # :y. 

Leucine. Amyla* ^ 
mine. 

Also by careftiily distilling a aolution of horn in stnmg potash, ^eueino be^ 

then formed and afterwaw decompgi|jfd as aboro(8 c hiraaert). ~ (5.) the action ' 
of Carnatic potash on flannel, tetrylainme being alsd f<iSmd among^the pKTOcts. (Gtr. 
WilJiamiseheiiu aa& 1858, 310.) , ^ 

PreparaiU>n . — CJyaiiato or <^anurato of aTn^ (obtamod by eyanate Of 

pot.'issium with amylsnlphate of potessium) is distifled with strohg ^nsUo ;^tashf ; 
the distillate is neutralised with hydrochloric acid, evaporated and recrystallised: 
and the hydrochlorato of amylamiiie doconwBod by distillation from lime and rectiflea ^ 
over hydrate of*barium, Colonricss licpiid. Specific gravity 0:75 at 18*^ C. Boiling- 
point 91® C. Amylamiiie precipitates most mel^llio oxides wliich arc prccipitiiblo 
ly .'immonia ; it redissolves alumina. 

* Ciii'frjnatc of amt/lanune is formed as a crysfaUino solid, when its bfM»; is exposed fo 
the etirlionic acid of the air. — Hf/droliromote of amylamhie, C*H'*N.HBr, or bromide 
vj C*H**NBr, is fo^rd by adding hvdrohroniic aciAto the: base.— /fyrfro- 

( hJorate of amylaniine^ or chloride of forms with 

diolilorid© of platinum a double salt, C*IP*l5jCl.l*tC]*, wluch is aolujde m«Mi*ng water. ^ 

ArnyhidphocarbaJiuiU of | 3^, is produced 

l\y the union of 2 molecules of amjlatnino Avith 1 molecule of hisnlpliije?.^ carhonj 
*».2C*H**N +“ CS-). The mixture of the two sub.N<anccsT^W‘omes *lll^rin, 
mid on cooling deposits the compound In white shining Fcalos, insoluble in water and ' 
in ether, but easily soluble in alcoliol. At 100® C. it decomposes after a while, giving 
off sulphuretted hydrogen. Treated with hydrochloric acid, it yields chloride of 

amylium, and amy^sidphoiSatbamie acid ^ | which 4a An oily l^y, 

soluble in ether, ammonia and potash^ mixed with arriyhiinjinej^, it reproduces the* 
original salt. ( A W. Hofmann, Ohem. Soc. Qu. J. xiii. (JO.) ‘ 

D1AMVLA.MINE, (C*H'’)*HN. — When amylamiiie is heated to 100*^ 0. with bromide 
of amyl, dinict combination occurs, and the solid hyilrobromate of ^amylaminc is fonneih - 
T!i(» base ig obtained by distillation of the bromide with caustic potash^^Ilof man :liV 
Tmns, 1851, p. 357). Slightly soluble in water. ^Uitig»poj{nt about 170^ 
Tlie salts of dunnylamiue ore difficultly soluble in cold i^atgr, more readiW in hot 
waller. i-'. 

T Rt AMTLAiriKiv'(C*n'^)*X, iH obtained by heating diamvlamme with bromide of 
amyl, and distilliug the so-fonned bromide of triamylium with caustic" potash 
Ilia n n). Its properties and those of its salts are similar to those of d|iimjflflanjA|p«. Jt 
IhuIb at about 257® C, ^ ^ / r 

Tutbajitlium, N(0*H*‘)*- THramylammonium , — ^Ammomtitii; In which th^w 
«f the hydrogen is replaced by amyl. Not known in the separate, JtaAo^ buto^^oed 
as an iodide by t]he action of iodide of amyl on triamylamine, the SoUdil^^gi;> 

alter thm or fow days' boiling, into an unctuous ezynUdUne fBASl&.f'^^ 
tetnimylium is at^ pr^ucod, but very slowly, by heating iodide of g -jwaiyisi 

tube with strong aquedos ammonia. This salt, 

Water, forhruug an extremely bitter liquid, from which it is 

line form by alkali£ ' Boiled with 0x1^^ of silver, it yields a yfhrlutW aUcsiitte 

tiOB (ffthe Aydrufs qf i" 

isr(;c*n"r.i + .AgHO » Agi + , , f 

^ miBing the' li^md with potasli, or concentrating' it stl^ngly by - 

hydr^ of tet^my Uum rises .to the surface in the form of an dlljr 
wHdiS^ A mdderAtely concentrated so^lutiou of ths We 
*» an fiwf froip deposits tli^ hydrafo 

^metiin^ an Wh Oontaining scA'cml atoms of 

These eryst&r whi^^bWed, melt in thefr w«t^ of crystaflSaari^< ' 
leave ; the |nir<5 M the fofftt bf^a seinf^olid 
temp^^fOafreg, d^oompbiiei^ ^ring off W 
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AMiXENE. 

NCPHorH-O = H»0 +• N(0‘H>‘)* + CTT* 


Hydrate of 
tetramyllum. 


Triamyl - 
amine. 


Amylene. 


Hydrate of tetraraylium dissolves readily in acids, forniinpf solutions which yield 
crystalline salts by evaporation. The sulphate ciy'staUises in long, capillary threads : 
the nitrate in needles, the oxalate in large deliQuescent plates, the cliloride in laniinjc 
with palm-liko ramifications ; the chloroplatinate, (C‘H")'*NCJ.PtCl^, in beautiful 
orange-yellow needles. (Hofmnntif Clwm. Soc. Qu. J. iv. 316.) — h. Gr, 

(Por the Amyl-j^hoaphims, Arsines, and Stiinnes, see Piiospiionus, Absenio, and 
Antuxony.) 

iVIMmssrs. or 6'’®//'®.— This hydrocarbon, a homologuo of ethylene or 

olefiant gas, and the fifth term of the Berios, is produced by the dehydration 

of ainylic alcohol by Buljfiiuric acid, phosphoric anhydride, or chloride of zinc, also by 
the dry distiJlation of ainyl-sul{>hat<i of calcium (Kekul^), To prepare it, a con- 
eentratod aqueous solution of chloride of zinci.s hcate<l to 130'^ C,, with an equal voluiuo 
of amylic alcohol : and the product in di.stilled from a water-bath over caustic potash, 
and repeatedly rectified (Kaiard, Ann. Ch. Phys. [3] xii, 320). It is a transparent 
colourless, very thin liquid, liaving a faint but offensive odour. Poils at 39^ (b 
(Ualard); at 35® (Frankland) ; at 42^ (KekulcS). Vapour-density, 2*68 (Balard), 
2*386 (Frankland), 2*43 (Kekiile); (by calculation, for 2 vol, .-= 2'42Go). Tlio 
vapour is rapidly and completely absorbed by sulphuric anhydride and pcntachlorido 
of antimony (Frankland). It posse.s.se.9 anBe.sthetic properties, and has been tried 
as a, substitute for chloroform, but has been found to bo very dangerous, having in 
more than one instance led to fatal results. 

Amylenc is diatomic, like ethylene, uniting with 2 at. Er, NO* HO, &c., and with 
1 at 0, S, &c. 

Acetate of AirvLENK, C®H‘®0< « ((5?Po\‘- 1 produced by heating the bro- 

mido C*II’®Br*, with a mixture of acetate of silver mixed with glacial acetic acid: 


C»IP®Br* + 2(C*n>0.Ag.0) « 2AgBr 


CTP®fo, 
(CTI®0)*P’ 


It is a colourless neutral liquid, insoluble in water, boiling above 200^ C. and easily 
decomposed by alkalis into acetic acid and amylcne^glycol. (W urtz, Ann, Ch. Phys. 
[3] Iv. 468.) 

BnoMruE of Amyxbvp:, C®H'®Br*, is produced by passing bromine- vapour into amy- 
lenc. Heated in a scaled tube with alcoholic ammonia, it forms bromide of ammo- 
nium, and broma?ni/ic7ie, CHPBr. — By treating amylene with a larger quantity of 
bromine, anotlu'r compound is formed, containing C^IPBr’, probably dibromidc of 
hrovmmylenc, C^IPBr.Br*. This compound, treated with alcoholic potash, yields di- 
brmnatnylene, C^'IPBr^ (Cahours, Ann, Ch. Phys. [3] xxxviii. 90.) 

Htdratb op Amylexe, or Amylknk-Glycox, C*n*=0* = Prepared 

by distilling acetate of amylene With dry pulverised hydrate of potassium, and purified 
by a second distiJlation in the same manner, and subsequent rectilieatiou per se; 

(0-uio)I|o’ + 2KHO - 2(CyPKO») + 


It is it coloiirloss, vory syriiry liquid, haring a bitter taste with aromatic after-taste. 
When cooled with a mixture of solid carbonic acid and ether, it solidifies into a hard 
tftiusparont inaMs. ^ It docs not affect polarised light. Its specific gravity is 0*987 at 
0° O It hoilM at 1/7^, and distils without alteration. When pure it dissolves in water 
in all proportions The aqueous solution turns acid when exposed to the air in contact 
with platinum-black yielding chiefly carbonic acid, with only a small quantity of a 
fixed acid, ajiparontly hiitylaotic .acid. Wlien gently heated with nitric aciA it Is 
rapiiUy o.ydisoil, the chief product of the action being butylactic acid, C^IPO*. 
(VV urtz, o 

Amylcne-jtlyMl, frTOl<Hl with hydrochloric acid, either gaseous or aqueous, is eon- 
Tortwi, slowly '""tc quickly at liinhor temperatures, into the chlorhudrin 

of amvl^,r-g/,,r,d. CMl'MIO 01. This compound cannot bo isolated, but remiJH? ’aii.- - 
solved m the excess of aoid anil w dii'omposed by distillation. The acid solution 
treated With potash yields oxide- of amj'itMie, 

NiTBTLinE OF AMYi.Exn, pTP®(XO*)». yUroTTide o/Amy/mr.-Obtainedby 
piling peroxide of nitrogen (mtryb XO-, prepan^d by heating anhy^ua nitrate of lead) 
into a fliisk containing amylene, and surrounded by a freezing mixture. The gas is in. 
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Btantly absorbcJ, and the amylene is gradually converted info a pasty mass of minute 
t r\>t ’ils, which may be purified by %vashmg with cold alcohol* recrystallisation from 
boiJinu ether and tliying in vacuo over sulphuric acid. It gave by analysis. 37*26 
per eont. C, 6*51 H, and 17‘66 N ; the formula rtvjuiring 37 09 C, 0-18 11, and 17‘28 N. 

The compound may also be obtained, though less advantagcoasly, bypassing vapour 
of ainvlene mixed with air into fuming nitric acid. It is remarkable afford ing the 
iirst example of the direct combination of nitryl, (NO'“), wif li au organic radicle. 

Heated by itself in a dry tul>e, it decomposes at about 96^ 0., giving olf nitrous an- 
hvdride, X-0*. and nitrous acid, IIXO”, and h'aviiig a iieavy liquid apparently containing 
li if rale of’ amyl. Heated with quicklime, it gives otfaii aromatic body, ]>i’obabIy con- 
sisting of oxide of amylone, (Outhrio, Chem. Soc. Qii. J. xiii. 45, 129.) 

Oxide of Amtlknte, (G*11*®)".0, a volatile lupiid, i.someric with valeric iildeliyde, 
It boils at 95^ C. Has a pleasant ethereal odour, and a rougli taste. iSpccific gravity 
in tiie liquid state, 0'8214 at 0° (J. Vapour-density by experiment 2*982, by calcula- 
ii<m i 2 vol.) = 2‘805. It Vniriis easily, with a yellow flame. It ia iusoJublc in U'utcr, 
and is not converted into aniylene-glycol wlien heated with water in a seah’d tube. 

Jl tlissolvt s in alcohol, in i thcr, and in a mixture of the two. Itiuixea witli acids. It 
unites witli anh/drous or crf/sfcdlisahlc 'nitric acid at a higher temperature, but tlio 
c.iinbimitiou is attended wdth partial decompo.silioii. (A. Hauer, CompU rend, 

U. 5(10.) 

Amyli-ne with SiTErjirn axd Chi.okine : 

1. Dii'hlornsidphide of Aaitjhne, or — Protochloride of siil- 

jbiir (SCI-) is brought into a fla.sk surrounded with icc and an exccH.s of nmyleno 
Uildcd very gradually. The excess of amylene is cvaporatcil otf, — the residue digested 
and wiwlied with water, dis.solred in ether, filteri'd, and ev:i|)orated. It is a non-volatilo 
liquid, Juniiig^^ii pungent odour, insoluble in water, soluble, in ether and alcohol. 
.''j'« eille g^ravitv, 1-149 at 12^0. Distilled with excess of alcolioHc caustic potash, it 
}ir!ds iuuyh-iu', di.'odjdiidv of fasttl (CHI^S), and otlier products. 

2. l>i!<(df>ho(ddo}'idc of Am tf I me, C^II“*SC1, or C"*2/‘®‘S'-ry. -On treating disulphide 
of r.blorine (SGI), with excess of amylene, ami evaporating flic hittc^r, a tramspareitt 
Vrliiiw. nou-volatile liqui<l, of faint and nan.’^eous odour is oblained, having the above 
('.iiajM^silion. It is obtained pure by digestion with wjifer, solution in ether, filtration, 
and rvaiK>ration. Specific gravity, 1-119 at 12-Mb Soluble in ether, absolute alcohol, 
iml suljtliide of carbon. (Guthrie, Cheni. Soc. Qu. .1. xii. 1 12.) 

Di.viilpliocliluridc of amylene treab-d with cldorinc, gives oi!' hydrochloric acid, and 
b converted into a non-volatile liquid, of sj>ecillc gravity 1-400 at ItV-'C,, miscible with 
f tl.t r, insoluble in water, but soluble in hot alcohol. This liquid gave by analysis 
nunibors agn-eing approximately with the formula, C*//'6V‘'«V, which may be tliat of 
( hlnrosulphide of irkhlorarnyUnt , 0\}rtV).S(d, or that of sulphide of Utrachloramyl, 

( “’(//■ 6’. (Guthrie, Cheni. Soc. (iu- J. xiii. 13.) 

AmYLEXF- with SULVUl'U AND OXYOKN : 

JhsulphoTidc of Amyltnr, (V^H-^S^’O. — Prepared by digesting thodisulphochlorido in 
ali-olii.li,- sr)]tition with protoxide of bad. till all the elilorine is combined, dissolving in 
ft hfr, filtering and evaporiitiiig. Sp< rlfie gmvity. 1054 at Non-volatile, yellow, 

*^»r alino.st colourless. Soluble in el her and aleohol, iusohilde in water. 

Hydrate of Disuljdioxuhof Amyknc, C“'ll*^.S-O.H -0. - Pisulphwhloride of amylene is 
le ;if« d in .ileohoJie solution for some hours, in a eurriMit of aninioniii ; the liquid is then 
p''iir( d off from the chloride of ammonium formisl, ami heuled fVjr some hours in a 
scaled tube to 1 ()<)-' C, with alcoholic ammonia; the cxce.s.s of .'ilcoliol is driven off 
n; a water-bath; the residue treaU-il w'ith water; and tlie oil wliieli is thereby pro- 
I'lf'itated i.s washed with water. Yellow liquid of meaty odour. Somewhat solublo 
in h(.t Water, solulde in alcohol mwl ether. Non-volatilo. Specific gravity 1-049 at 

(tiuthric, Chem. Soc. Qu J. x. 120.)— F. G. and H. W. 

AxtacaauxC ACZD, or — This acid is contained, together 

with cardol, in the poricarjjs of the cashew nut {Anacardium orcidentnie). The pericarps 
are extracted with other, which dissolves out both the anac.ardic acid and the camlol ; 
ttie etljcr is distilled off, and the residue, after being washed with water to free it from 
tannin, ig dissolved in 15 or 20 times its weight of alcohol. This alcoholic solution is 
with recently precipitated oxide of lead, whicli removes the anacardic acid in 
tin* fom of an insfduble lca<l-salt. The lead-salt is suspended in water, and dccom- 
po-i^-d by sulphide of ammonium, and from the solution of anacardate of ammonium, 

♦ ''tained after the removal of the sulphide of lead by filtration, the anacardic acid is 
hr>crated by the midition of sulphuric acid. After repeated purification by solution in 
a cohol, inversion into a lead-salt, and decomposition of this salt by hydrosul- 
phurie aeid, the acid is obtained as a white crystalline mass, which rn dts at 26 ^ C. It 
Vol. J. ^ p 



210 


ANACARDIC ACID — ANALYSIS, 


has no smoll, but its flavour is aromatic and burning. Wlien heated to 20(P C, it ig 
decomposed, producing a colourless very fluid oil. It buras with a smoky flame, stains 
p‘ipf‘ 7 * and /iVjue/ies by prolonged contact with air, emitting an odour similar to tJiut 
of rancid fat. Alcohol and ether dissolve it readily, and these solutions redden 

^^*^Smn*o of its salts are crystalline, others amorphous. The silver-salt is a pulyenilont 
white precipitate, soluble in alcohol, in jnvscnec of a free acid. Jt contains two 
atoms of metal, C“ir‘-Ag'‘Ob The lead-salt. ohtaine< I by mixing a boiling alcoholic 
solution of aiiacardic acid witli an alcoholic solution of acetate of lead, is said to cou- 
tiiin C'‘ir‘®l'b'-*()^ or C \ if this formulii be correct, the acid is tetrabasic 

[or dibasic, if the smaller atomic weights of carbon and oxygen are used]. Tlie salts 
of ammonium, i.r;tassiiini, barium, calcium and iron, have been described, but they are 
not very definite, and their fonmihe have not been fixed. (Stadeler, Ann, Cb. 
Pharrri. ixiii. h*!?.) 

AJUAlMTfUT^ ^^*|4SiO^ + IPO = Na'O.SiO- + AP0®.3Si02 + or 

3A'/^r/2iVzY>® + + 2 llO . — A mineral belonging to the zeolite family 

cf>ntaining, according to If. Hose’s analysis, 55-7 per cent, of silica, 13-5 soda, 23’0 
alumina, and 8'3 water, wJiieli agrees very in^arly with the j)recc<liiig formula. It 
lu'longs to the regular sy.stem. IViinary form a eubo ; it oecurs also in Icucite-ocfa- 
he<lr(»iis, and In eiibcH w'ifli the. face.s of the leneite-oet:ihedron rephieing the solid 
angles. Oleaviige iniliytiuet, parallel to the faces of llie ciiIh*. Specific gravity from 21 
to 2-2. Soft(‘r than felspar. In its purest form, it is enlourh'ss and transjiarent, luit 
Bometinies w'liito inclining to grey or flesh -col our. According to IJrewsfer, if polarises 
ligld. in a p<'<‘nliar nuium-r, indicating a grouping of the inoh-eules veiy dilb ivnt from 
that \vlii<*h is usually found in 1 lii‘ ri*giilar S 3 ^st(‘m. iJefore flic Itlow'jupe, it loses water 
and become.s inilk-wliite ; but w Inui the heat is increased, it iMaamies (‘h*ar again, and 
then melts <piiekly to a. f ran spa rent glass. It is readily decomposed l>y hydroehlorie 
aciil, w'ith separation of vi.scMil silica; after ignition, however, the decomposition is loss 
easy. Analeiinc oecui's fi'eipiently in clefts and geodes in granite, trup-ro<‘k.s and lava. 
It is fouiiil on the Calton Hill, I'dinburgh, at 'fall.skt'r in the Lslc of Sky, iu Dumbarton- 
fllure, ill thcFerroe Islands, in tbe Harz, and in Hohernia. 


AST A1.YSXS — ZSrORGAWXC. 

The olijcct of clierni<'jd analysis is to .ascertain the composition of any suKstancft 
wdiato‘V<‘r. The di.stinetion usually made between organic and inorganic compounds, 
ha.s led to !L (au’i’cspouding division into oi^anie and inorganic analysis : tlic latter 
being coiilliieil to the invest igaf ion of inorganii’ or mineral eompouiids. The inetluids 
rmployeil in this Ijraneh of aualysi.s, are far more numerous and varied than those 
liifliei-to ilevisctl fur the analysis of organic comptnind.s. Inorganic analysis is divided 
into qualitative and quantitative analy.-<is. The f »rrner teaches us how to ascertain the 
olennmts of a substance with regard to their quality only, and howto sejiarate them oii<‘ 
from another: the latter e.stablishes the iiieMiods i>f proceciling, by w'liieh we determine 
the ivlation.s ofwa*ight or volume, wdiich these element.^ bear to one another. It is 
obvious that, l>efor»‘ we can proceed to <‘stimato tin? quantities of ('aeh ehmient eon- 
taiiu'd in a compound, we must know what are the elements that it contains: hence 
qualitative mii.st ahvavs precede quantitative analysis. 

Analysis is one of tiu' nio.st n'emit of the various branches of chemical science. Con- 
Bid(‘r!Lb!t> pr«>gn‘ss had already b<>t>n made in syiithctieal elieniistry, in the prc'paration 
ot chemie.il ('ouiponmls, vVe. at a time when the foundations of analytical chemi.stry 
(in the sense at jirt senl afla<'Iied to the term) had not oven l.een laid. Less than <a 
centurv ago, when tlu' j'roperf ies and compounds of many elements W’ere either entirely 
unknown or hut imperfectly established, flwv problems were more diflieiilt than tliat of 
inorganic analysis; the analyst had in-ed of both penetration and caution in the highest 
dogriHS in order to iliseriininate between knowm and unknown substances. It is only 
within a eoinparativtdy recent period, that tlio discovery of many new elements, nfld 
the more couipleto iiive.stigation of the reactiona of those already known, have enabled 
US to construct a systematic cfnirse of analysis, circuiiuscribcd within definite and well 
<*fltal)liHhed rules. 

Aualytieiil chemistry, as we have already observed, aims at two objects, each closely 
connected with the otlier : - 1 . ascertain what are the oloments coutained*Tn ’suo- — 
Btanees whose oomposirion is unknown : — 2. To determine the relative proportions of 
those olcnionts whose existtmci' has previously been qualitatively ^ascertained. In the 
earliest analytical researches, botli tliese olycctsw’ore pursued simultaneously. Hence, 
in the very brief sketch ot flie history of analytical chemistiy, which it is now our 
purpose to give, it is not po.ssible to trace the progress of each of these branches of 
aualysi.s independently ot the other. For this pui’pose it is more convenient to adopt 
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the distinction of analysis in the net and in the dn/ {ride in/rn): for tlioso tivo 
l.rine'hfs of analysis aimed originally at diftoront objects, and the ^irogross of each 
^\ ;ls in great inoiisiire independent of that of the other. 

Tlie earliest analytical methods of wliieh ive have an^’ infi>rTn:if ion wer<' in the dry 
vav. Thev were directed exclusively to the sej»araf ioii of iiuhle from ignoble melais; 
aii.i they ^ven; generally eoniliieted quantitatively, the object being to detennine tlio 
( oinmeivial value of alloys, tte.. l*y estraetiiig tlie ainount of the most preeions metal 
I'ltrifaiiied ill them. As early a.s theseconil«‘en(iiry n.e., Agalliarehiiles of (hiidos ((|notetl 
Ijv Diodorus Sieiilus) gives an account of a method einjdoycd by the Egyjjtians for the 
fktiMt'^ion and piirili'*at ion of gold, which clos<*Iy rcsembl«*s tlie proccs.s of cnpellation, 
;it pre.-^i nt so extensively omj>loyo<l for the .separation of silvm* fi’om lead, St ratio 
(abviut the (’liristian era) describes the extraction of silver from il.s ores by fusion witli 
Ir-ad ; and all the analytical methods whieli we meet with in the course of several 
siii i i-'^sive iN iituricM are luit modifications of the same process. We find a (h‘Seripf i«>n 
<■!' the I'ruci'ss giv»*n liy < lebcr in the latter lialf of the eighth century, whieJi eorre- 
.wju.iids very closely with that at j>rc‘sent employetl. 

.■^trielly 's[t(‘aking, the emjiloyment of analysis in the «lry wa 3 ' for qnalilative juir- 
po>eS, is of much later dat«‘, commeiieing from the ol>s<>rYation of the behaviour of 
tlitb r. Jit metallic eomjtouiuKs when exjiosed to a high temperatare in contact with 
e. i laiii ivagi-nts, commonly’ called liiixes. It is to I’litt, JVofc'ssor of Cliemistiy at 
Jhrlin, eire. IToO, that, we owe the first distim*t record of tln'se obif^irvat ions ; he 
out that it was juissibli', l»v (he addilion of certain fluxes, lo fuse many 
sub'tanees wliieh were infusil>le alone; and that the colour id’ tlie fused mass afVorded 
iiih •riiiat ion as to thenatuiv of the original snbsf;nn*e. d'liis met hod t»f experiment iug, 
Mhirh was conduct eil ly liiia in (Tiieibles ami fiirnnec's, on a eomparativelv large 
S( .ih . reeeived an immense extensit>n by the introduet ion of tlie blowpijx*, by means 

< ! wiiieh far inoie sieeiirate inillcallojis ware obtained with a much smaller ipianfity of 
t! . original substance, ddie first imuition of this iiiqihunent oeeurs about KibO, in the 
!\b iip'irs oif file Academia del (.'imeiito, at Eloi'ence, wlien it is noficetl as being em- 

l v v< d by glass-bhiwers ; and tlie first indication of its use for chemical j*urj>oses, is 
t i!!-l in Kiinkers vtos ritriiria 107th (’ramer, a (JerniMn ehemis't, in 

1,;^ l-y’ ihiif/ii di^ri matifirtf! ( 1 70t)), gi ve.s the earliest insf met ions for its use as 

a:i iinjb Tiieiit of analysis. The fui’ther invest igal ion of the resiiKs to be attained by 
iiK Miis Ilf this iiivaiuable instrument, was elfeef<al mainly by a suecf'ssion of iSwc disli 

< III of whom Croustedt and llergman w'erc perhaps the most remarkalde; and it is 

1 I Ih-i/i lies that the estalilishment of the exi.sfing system r,>f hlo\v]»ipo unalysls warn 
tiaallv nwiiifr. 

Acei i'iliiig to flic ]iresent course of analysis, the method by the dry ivay is iiHimlly 
Miiph-yrd oiilv in tlie jireliininar^' examination : the eases are I'cry rare in which its 
r'ruh>c;in he iv lied upon for coin|tleto information as lo all t he constituents of a 
^:lh-f anee. tin’s piirpOHC, re4.‘ourse is now invariably liad to nnalvsis /y^ Un irrtvujf^ 

I hi * arly history of thi.s metho«l of amdysis is very obscure, amounting in fact lo 
1 . t hilar but the eninneralion of a f»-\v varidoin reac-fjons, in the employment of which 
i:-j -yxfi tn was observeil. It wa.s originally eiiqiloyiMl solely for the qualitative detection 
I't adulterations in drugs, &c. It vas next directed to the c'xamjnatioii of mineral 
w. iters, (i) wliieh jnirpo.se it was mainly eniitined until the latter lialf of the seveiilefuil h 
e< icury. at '\vhi4-h ]ieriod tlie lirst trm* ]iereepfion of the |»n'blem iiivolvcil in analytical 
f l i rnisTry wa.s obtaimsl by Doyle, who gave to this bramdi of the science the nami! by 
V'ueh it is at jwcsont designated, ]J«* was the to establish clearly the idea of a 

‘d.i tai.-al eleiiient, :i]id to seek for TiietluHls of a.scertaining what elcunents or kiuovn 
'* Mip.iuinls arc contained in anv sub.staia'c of unknown eomposition. Although theH<i 
Tn. thi.ils ei.rnpri.'^e many reactions which were know’n b<*b»re his time, still lias the 
eri.bt of being the fii*st to generalise tlie.'^c seattere<i facts, and lo collect them inf<i a 
«.,!). Tent system. Among the new reactioim introibiccd in his time, we maj' mention 
the jTceipitation of calcium-sails by' suljihurie acid, as serving for (lie detection of 
* uhi r calcium or sulphuric acid ; of silver-salts by h^'droehlorie acid, as a test for 
l-'?h silver and chorine; that of iron with tincture of galls ; tin* Tduo eoloiir of eopper- 
»• ihs with exce.sa of ammonia, &c. Siiu*e the time of Jkiyle, analytical cliemistiy, in 
bn‘ liariiLs of Alarggraf. Sclieele, Dergnian, Klapnjth, II. Hose, &c. has made continual 
’^'‘'■'inccs.^thc enumeration of whicli cannot be aftempited in a lirief historical suirimaiy 
t fie present ; until by degrees it has assumed the Bj'Htematic form of which wo 
I'luill pr''sently proceed to give an outline. 

llie establishment of quantitative atial^'sis, as a distinct branch of chemical science, 
i; '^'1 comfiarativelj' recent date. For a Jong timo it w'a.s almost entirely jiegh'cfed, 
il any importance bedng al.t:iched to the relative propf»rtions in which elementH 
' ^i‘'t in a compound. Until the latter half of the last cent my, it, was confined to the 
purjji.fif of assav'ing, or of determining approximately* the value of ort s; and it W'asnot 
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unfit Lavoj.sicr, with such triumphant success, employe*! tho balance as a inoaijs of 
rci'utin;? oi<l eiTors an*! of establishing new truths, that infiuiries into the cjuantitatfve 
eoTTi position of h)otljes came to be regar*led as the only sure test and foundation f^i- 
chemical theory. Almost all the quantitative analyses by wJiich any reliable know- 
ietlge oftlw coiJstJtntioii of fiiihstancvff has been obtained, are imdudcd in this peWo.l, 
and'’ date Avi tin'll the last tJO or 70 years. The empiricaJ resiiKs thus obtained, have 
]e*l to file discovt^ry of tlie most imjiortaiit tJieoretical triitiis, c. y. the theory of atoms 
and (‘^piivalents, fJm law of miiltipl*> pi-oportioiis, *fcc., which in turn have been of ia» 
estimable value in i-ontrolling the results of analysis, an*l ensuring to them a (iop’ce of 
aefMtra*y whicli eonhl never have been att.iined by merely empirical determinations. 

Until a *smipar:il ively recent perio*!, the only methotl of *piantitatbm analysis was 
tliat A// v'viifhf, J»y this method, the substance to be estimate*! is either weiglicd 
dii-c'-tlV, or in th<j form of some eonipound of known c*>m]>osition, fr*un whoso weiglit 
flint (it‘ t hr* substance to he estimat*r*l is re.a*!ily calculated, the reag*‘iit by which the 
Hiili-stanc*! is S( parate*! Ix ing always eniployo*! in IMore recently, an*>t Inn* method 

has been infrfiduccd, which d*‘pends upon the employ iiient of only the exact quantity 
*)f til*' rcag*‘nt wliicli i.s necessary to pro*luce the reaction desire*! ; an<! ui>on the de- 
termination of tin's quantity, not by weight, but liy ineasur*'. This mt'thod, known as 
the yolin/if-(r/c 'iiilUkkI of mothfsis (.see Analysis voliimkthk;), is *>iily applicable 
in cases where the p*>iiit at which the rcaetiou is eoni]»lele can be determine*! aci'ii- 
ratoly by means of some distinctly visible phen*)menon occurring in the solution to be 
jinalys*;d. Tlie first intr*)*luction of this met ho*! is due to !)escroi7,ill*'s, wh*), at the 
elos*i of the last century, applied it to tho valuation of b]i«aching powtler by means of 
indigo-solution: since which time it has been gra*luii]lv extcmled until it has grown 
into adistine.t and most important branch of analysis, wliich, in most cast's, is at least 
equal in accuracy to tho method by weight, while it is greatly superior in speed and 
facility of cxi'cution. 

Tlie nu,*tliods of qualitativo analysis consist in bringing the sul)*<tancc umler ex- 
aminatitm into contact witli other liodies of known properti«‘s, an*l observing tlie 
|)lienomeaa which ensue. Tlu's**! phenomena consist in alteralions, **itlier in state of 
aggr*‘giitioii, forai, or colour, depemling upon some chemical tthangi*. All bodi**s which 
we employ for this purpose, we call by the general name of rciujvnU^ tlio ensuing plu'.- 
iiomejia are calli'd reactions. Acids, bases, salts, and simple bodies (dements) are 
alik*i us(‘d as reagents. 

JJy means of reagents, tho chemist puts questions to the substance iimb'r examina- 
tion, ('iKpiiring whether it conlains tliis <jr that gnmp *>f chemically similar (‘humuits, 
or only tin's or t!iat member of such groiq>. !f the question be put corivctiy — b<’. >f 
all the comlitioMs under wliich tlu? roaeti*m ('xp*-eteMl can b*' produced by the reagent 
emplfjycil be carefully ol»serve*l, the an.sw'er i.s decisive- as to the prt^scnec or absimce of 
the elt'iiiout, or group of elements, s*3Ught: if, on *'>thcr Inind, tliesti conditions — 

I. c. the prn]»crtios and chemical rdatituis of the botlii's fornu'd by the clieuii<‘al cliaiigcs 
which constitute th*A reaction, have Iiimmi wholly or partially n<*gl*‘et<*d, th<^ sinsw*'r, if 
not certainly erroneous, is at li*:ist of doulifful accuracy. 

Kcagents may be empl*iye*l either in the U'ct \ra;f or iu fhr (Irtf U'aif. In tlie wet wav, 
the reagent in solution, i.e. in the li*]uid form, is brouglit into contact Avith the snl>- 
stanct' to be cxarnin*-d, wliich is also in the liquid form. In the dry way, the two 
bodies are brought together in tlie solid state, an*l siibtocted to a high teiiip*=ratiire. 

tie' utmo.st iinportanco in analysis by the hitft'r method, i.s th*? knowledge of tlie 
use ot the blowpipe, and of the behaviour of bodies in thi’i *lilfercnt Hames Avhich can 
bl^ pr*>diiccd by it. (See Tli.owpirn.) 

Many reag<‘nts exhihit the samt\ or a similar behaviour, with a certain tixe*! number, 

I. e. Avitli a ijroup, ot elements, and with most of the compouiuls of these elements ; ami 
can therelore, be tnnployed for tho <livi.sion of the dements into groups. Such reagmits 
nn^ t*'nned ffcneral reafp-jiis. ()ther.s serve for the further distinct ion of the several 
mcnilwrs of such groups: their selection depeii<!s upon the knowledge «^f the special 
elmracten’stic behaviour to sudi reagents of each single dement, or of each of Its 
Bc'roral eoiupouuds. 8ueh reagents are calleil sprt'uil or ckarnrfn'/Mfir rptufcnts. Their 
number is much greater than tliat of the gemwal reagents, their nature being as vari*>iis 

that ot tlie substaiie«^s Avhidi cun come imder examination : their selection depends 
upon the solubility or insolubility, colour, or other phy'sieal or chemical pniperties of 
the new compounds to wliich they give rise. They may frequently be empI*^e<r'fo-*** 
eipro**ally : thus, starch is a eharaclcristie test for iodine, and reciprocally, io*!in® is a 
characteri.stie test for stanb. 

riie analyst has not only to establish that this or that lx>dy is present in a eompound, 
but he has also to ]irove that no *uiier body is present be.sides those which ho has 
actually tound. ir*'iiee it is evident that he mu«;t not treat the subst,'in**e under ex- 
uminatiem with any reagent iuiUseriminatel^*. Ho must follow a certain fixed order* 
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n iiM ihodiciil pvstem, in the application of reaj?onts, which will bo the same for all 
i...n-<^:inic subs^tanees whatever, let thoir elements be what they may. This systematic 
iiutliml wliieli caimot I'C departed from or abbivviatetl without dan^^er, except in 
rertuin eases by the experienced chemist, consistsiii the employment of j;eiieral 
t '.r t he successive elimination of groups of idemciits possessing certain common chemical 
/.ronorfies; and tinally, in the recognition of each member of sueli groups by the om- 
lilnvmcnt of cliaraeteHsrie reageiil,s. If tlic object bi? not a com]>lctt) and aeciirato 
anaivsis, but meivlv to c,stablish tlie [iresenee or absence of some particular body, the 
rlj.iracteVistic reagent may in many cases be cniployi^d at once, witliout previoua 

nvoiirsc to general reagents. , , . 

Tiie lirst thing to be done in the qualitative analysis of a solid body, is to subject 
it to a prcdiininary examination in lbe dry way, by wliieli means imporfaiit information 
as to its composition may frequently bo obtaincil: after which it is dissolved, and its 
oonstituents ascertained by examination in the wot way. The coui*so of qualitative 
iiiialvsis, thorefore, eonsist.s of ;5 parts: 

I. Ih-climinary examination in the dry way. 

11. Si'lution, oi* eonversion into the liquid form. 

111. Analysis of the solution in the wot way. 

We shall uo^v proceed to treat successively of each of those operations. 

I. PnUmhiar^ Ex'ituihiutkm, 

'fliis consists partly in an aeeiirato observation of the })hysical ]jroj}erties of the 
hul planer (its form, colour, hardness, speeific gravity, «S:.c. ) : but ehictly in observing 
its behaviour at a hi<fh U mpcrutare, eilln‘r alone, in eonlact M'itli air, or with somo 
. hetuical coin]>ouud wliieli }>rodiicc3 either dec<nn]>osition or sinipJo M(»lution. 

1. 'I7n' snh.sf(ina i\s hcaOxl akaif in a tin/ it on charcoal or on phitinvm-foil. 

Water, sulphur and its acids, ammonium-, arsenic-, and mercury-eoinpoundH aro 

e- injiletely volatilised. Carlton burns wdien heated in the air. If water is evolved, 
,1 -i fvi* A\dietlnT it is acid or alkaline to litmus. If gases are evolved, observo whether 
li.rv arc combustible : and if so, Mlictber tiudr combustion is sustained or intenniftent. 

< b’jaiiic conq-ounds are <lecomposed by heat, generally with evolution of inllammablo 
gas and separation of carbon: when heated with stmng sulphuric acid and lueliroinato 
• .f p<p|as<ium, flu-y evolve carbonic anhy«lri<le, which gives a white preeijtilalo with 
lime- op haryt.'i- water. Ilodies which are very rich in oxygen, nitrates, elilorates, per- 
'bloratcs, bnunates, iodates, detlagrate when lieated on eliareoal. JMost alkaline, ami 

im* a!k:iliiie-earlhy salts, melt witliout volatilising or ehangiiig colour ; »fb*r strong 
iiiiiiti.Mi, the residue is alkaline to test-pajier. iNlany silicates (esjieeially /eoliti-s) 
jiH it win n a thin fragment of them is exposed in plalimim-tongs to tlm blow|»ii»o Ihame. 
!1 rates and alum swell iiji: other salts, r. chloiblo of sodium, lieiTcjiitate, Of 
liietals; antimony, lead, tin, bismutli, cadmium, zinc, tellurium, fuse readily beforo 
file bl<p\\pipe, giving an incnistation of oxide; gold, silver, ami eopp<‘r, fii.se with 
il'di. nlly. and give no incrustation ; iron, nickel, cobalt, Tnolybdeiiuirt, wolfram, ami 
platinum im tals are infusible. Th. oxhies and salts of the earthy and alkaline-earthy 
im tals arc infusible, or fliffieiiltly fu.sible ; they l»ecomn vividly ineandeseent, with a 
wliite light, luit do not change colour; the earths, aftirr ignition, arc not alkaline to 
r.>t-pa]per. Tli«i oxides and salts of simie metals assume a darker colour wdien heated: 
tii. s.-..f zinc, tin, titanium, eohiinhium (niobium), and antimony, become yedJow : tlioso 
f)f It ad. Viismuth. mercury (and chromates'), become dark-brown. 

2. riir aft> r i<p\iti>>ii on charrouk ov’ tnoisf.tnui loiih n drop of a nohdion 

o f „ifr,tfi ,>f cohait, and uifoin si rmttjlp hutO dtirfore --Alkaline jiliosphafeH 

1^- rat* s. a]i«l siiicatr*s, give a hluo 4j1ans : the earths, earthy plio.sjdiates, silica and many 
.‘■ilii'ates give a him' in fusibh! ma.'Oi : zine-oxide and titanic aiihyrirido become 

4p''< n : binoxide of tin, hhnsh-ffrrrn: antimoriic and coluinbic anhydrifies, f/zr///-<yrrc?? .* 
iiiagm sia and taiit^ilic anhydrides, jlesh~red : baryta, brown or brick-red: glucina, 
lime, and strontia, //rry. 

•1. The soLdnhcc. is hntfd on pJaiinvm-vdre (if a metallic salt^ on charcoal) in ike 
*b ./r hlntrpifu- Jh(na\ and ike colour of the ontcr Jlame observed. — A yellov) colour iri- 
<b<.ttes,s<)dium : a ivV-/* ]S;ta.ssiuTn : ^carmine-red^ lithium or strontium. The yellow 
(••jour irn|iarte(I b}' sodium, completely overjxjwers tliose of the other alkuIJne rnetnls: 
but, if the. flame be observed through dark blue gla.ss, the yellow rays are cut. off’, and 
t ie - oliiurs of jiotas.sium and lithium are plainly visible, even in presence of a largo 
exffss of sodium. A rcddiah-yellow colour iudie:ife,s erdcium ; n. yeWar-yrem^ barium or 
nioiylxlenum ; a qra n, cupric oxide, phosphoric, boric, or tel lurous acid ; a bine, amenic, 
antimony. h*ad, sieleiiium, or cupric chloride. In many cases, the colour is rendered 
more apparent if tlie substance be previously moisteued with hydrochloric acid, or a 
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little rfiloriJo of wlver added: phosphates and borates should be moisteiied »ia, 
milphurie acid. 

T/jf* delicacy and sharpness of these chromatic indications are greatly Increased by 
a method of observation lately introduced by llunsen and Kirchboff! It consists 
jiiainly in i^fnitin^^ a nictallic salt on platiimiiL wire, in a feebly luminous and nearly 
monochromatic llame, such as that of a Ilunscn’s gas-burner, and obsom'ng the 
tlamo through a prism. Very characterisfic spectra aj*e them produced, containing 
Jiiminoiis coloured bands coincident in position with certain of FraiinJiofer’s lines. 
iSof/iuM. gives a spectrum reduced to a single bright narrow band; lithhtm^ a bright 
red and a fainter 3't‘llow band; polnssimu, a spectrum innirly resembling the ordinary 
solar spectrum in the nifdilN*, but ebaracterisod by a bright lino near tlic red ex- 
tremity, and a fainter line near tlio violet end of tho Sjjectrum. The airontium 
Hpeetrum consists of a broad bright orange liaiul, with some fainter red bands ; the 
CiilvinuL sjie'clrum, of a broad bright green liand, a somewhat nurroM’or bright orange 
band, and some fainter yidlow bands; and that of harium, of sevtral bright green, 
yellow and orange with two faint red bands. Tho sodium reaction is extremoly 

delicate, sufficing for tlm detection of ii ipinntit^’' of sodium as small as 7 of 

a milligramme; <listinct indie itions arc likewisf? obtained with -- - of * a* n?illi- 

granimo of litliium, ^,-’70 miJIigrammc of potassium and barium, 

of strontium, •f„„7;|7,7„77 njilligramme orcalcnitn. ( b'or details see the article Light ; also 
Pogg. Ann. ex. Itil; Cliem. Snc. (pi. J. xiii. 270 .) 

4 . 77 ?/' (iufifitanca is kcatnl on charcoal in the. redyeing Jlame with carbonate of 
sodium, or trUh carbonate 0/ sodium and cyanide of putassium. — Must arsenic coni- 
pouiid.H give a smell ot garlic. Ail sulphur-, selenium-, and tellurium-compounds, give 
an alkaline sulphide, seleiiide, or telluride, which, when moistened, leaves a blaek 
stain Mil a clean silver t)late. Tin-, silver-, copper-, and gfdd-componnds give malleable 
sliining scales; compfnimlrt of nickel, cobalt, iron, Tnolybdmnim, wolfram, and the 
j'latinum-met ids nre r<>diieed to a grey infu.sildc powder: no incrustation is formed in 
any of (hesa eases. Aiitimonv'-eonipourids give a briitlc nictallic globule, and a white 
ini'nistaf ion : bismuth, a gloliuh'. and a brow'ii-yellow incrnstntioii : lead, a 

•niidbablv globule, and a, yi'lbtw inerust ah'on. Zinc ami cadmium ai'C not redueisi to 
tini imdallic Ntat(?, but give, tbe hjrriier a white incrustation, nut volatile in tho outer 
name, the laltts’, a brown-red inerustatioii. 

ft. rhv sidtstunce /.s h<afid in a glass tube, open at both ends, held obfiquvh/. — Tho 
followmg su!i.st:inces yield gases having a i)eenliar smell : sulplii le.s, of Inirnlng'snljdiur; 

S' leiiides, «»t horse fadi sh ; arstmides, of garlit*; iriaii^' nmmoniuin-salts, of ammonia; 
lliionde.s (.'si^.yially on aildition of microcosm ie salt), ot hydrolluoric m id. A metallic 
suMiniate indicates arsenic- or niereury-eompounds : a while snblimato is given by 
arsenides (erystalline), by ant imouidi'S and telliiruh'H, (fusible), and by many amimmiuni- 
salt.s. A luse.l suhlimaie is given by the higher siiljiliides (brown-yellow)* l>y seleuidei 
and selejiiimi (blm-kisli-red), ainl by sulpliulu of arsenic (yellow). All iiydrated salts 
or .sub.s|aiicc.s containing liygroseopie water yield drops of wafer, tlie acid or alkaline 
reaction ol winch slioiild be ascertained. 

The stdisfanev ;.s- luated in contact with metallic cine and dilute hydrochloric nr 
sn idtnric ucn/ iMany metallic acids are reduced to lower oxides by^ this treatment, 
Jiclnnigeni colour being prodiiciul. Titanic acid gives a r/oA/f colour: tungstic acid, 
ami Mil'. ehlondcH ot tantalum and columbium, a blue: molybdic acid, blue, ebanging t.o 
green ami dark-brown; columboiis acid, blue, changing to dark brown: chromic acid, 
green, iodic acid, brown, ov if starch bo added, blue. 


II. Solution of Solid liodus. 

J ascertained by the pndiiniiiary examination in the tlr\' way’, to what 

Class j.u I'o.lies the substance under e.xamination belong.s, tlio next . v*n is to bring it 
other \vords, to (Ajrw/ecit. In order to effect this, it isgen/Tally 
noinrdb?/ fn ^ .‘'Ubstance allows it, to reduce it to a fine powder by 

IS inttl ir, i”’, and, it necessarj’, by subsequent levigation with water. This 

Inl. bl I I'spccially of silicates, and of all other difficultly 

nrrin^’ !! deom.j.osible eompoiinds. If the sul>stance oontaiiis 

ninferi-illv Int reniovcil ber.>re prciceediiig further, as its }tresencc 

rjillv be off"/ ^ be reactions of many mineral compounds. This may geiie- 

r^ibstance strongly for sometime in contact with air 
. 1 jY, } n\ until the whole of the carbon is converted into carbonic 

add on Iho liatod'^Ksla'inV ' facUitated by dropping nitric 

wnTi-r* *'*® "falyfiis of inorg.anic bodies are 

k IrT; l Tin. Hndy-powde..ed substance 

l» Just boded «.th from 12 to 20 tm.es .ts « eight of rfiVt, V/frf teejer, in order to ascertain 
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its complete or partial solubility or insolubility therein. ^ If it be not completely dis- 
solved, the solution is filtered off from the residue, and a’ drop or two of it cyaporated 
to tb-viiess on plalinmn-foil, when, if the substance is partially soluble in water, a dia-^ 
ti net residue is left ; if tlie substance is completely insoluble, tliore is no residue after* 
jvaponition. In the former ease, the solutionis tested with litmus paper to see whether 
i’ hiis a neutral, acid, or alkaline reaction, and set aside for further examination, 
t he iiisolulde in water is then treated successively with di/nti’ iitid co » cm tratcil 

},'!•( f- iddvric uciJ, particular attention laun^ paid to the nature of the f^asos, if any, 
tia Jvi'V evolvfd, and to the sejiaralion of solid products of Jeconi]H)sition. Carbonatea 
« v.»lve carbonic anhydride, with efferveseence ; peroxides, chromates, and chlorates 
iv.'lvc chlorine; cyanides, liydrocvanie acid; many sulphides, liydroyiilphiirie acid; 
Milphitfs and hyposulphites, sulphurous anhydride, with .sejxiration of sulphur in the 
latlL-r case. 3b)st metals (iron, zinc, titi, &e.) evolve hydiMtren ; or, if arsenic or aii- 
tiuonv be presi-nt, arsenide or aiitimonide of liydrotren. If Ii^'drochloric acid does not 
I ..Tiij'b tclv tlissolve the substanci', it *xenerally effects the eoinpleto .sej»{iratioii of one 
. r more < l«-rn«'nts; for which reason the solution should be separated from the r<\sidue, 
.iMil ixatiiiiied apart. The residue may eonsi.st of eoinpoiinds uiideeoiiij)osible by 
).y liocliloric acid, which <‘xisted in the on«.niial .sul>stanco; or of in.solublc ctunjioinuU 
f rill' d by tht^ decomposition of the firiginal substance by hy<Irochloric acid. Thus 
.-ii'jthnr is scjiaratcd from polysulphides, pulverulent or p;elat iiioiis si!i<'a from many 
sdn atfs, lunp^lie aclil from 1 uii^istates, «S:c. ; or if h'ad, silver, or sub.salfs of mercury 
I I* jsrrsi'nt. liisolnl>le clihu'ides f)f these nn-tals will be f<U’ined, 

ir the substance is not completely soluble in hydroelilorie aciil, the insoluble residno 
is lr<‘atod .siu'ci-ssively with /lifric acid and aijua rn/ia, in many cases (<’. //. with 
jloj'liatis, ;ns<*iKit4‘s. silicates, tungstates, ^te.), th*'S(* comiKmnds act merely as solveiit.s; 

. ;i many other bodies they exert an oxidising action. Thus, most sulj»hides, when 
T'-iMtid with nitri(* acid, separate sul|'hur, whicli, by j'roloiigid iligesl ion with tin* acid, 
t il'cf'; ijilo yc'l low' globules which swim <m the surface of llie li(jmd, or disappears 
..io :" (her, lieiiig oxidisod into siilj'hurie acid, whicli may l»o d(‘tccl(‘d in (ho solution, 
iiiii' -s it foritis an iiisohdde .salt with the dis.solved metal. Sulphide of ](‘ad is con- 
V, ti, ,1 i,y nitric acid into sulj'hafe of h'ud : siil]»hidos of antimony and tin into \yhito 
o\Mi. s ; ]a’oiosuI])lii(h‘ of mcn iiry is insoluble in nit ric acid, readily sohiblo in aqua regiu. 
.Mo’-t nirtais are couiplcti ly sohible in nitric inritl : the only metals not attaekeil by it 
are gold, platimini, and the rarer metabs found in })hitinum-nres (with the excepfioil 
oi' j.alladium, whi<di is slowly .soluble in nitric aci<l). (i<)l«l an*l platinum are soluble 
in at]ua regia. 'J’in and antimony are not dissoKusl by nitric Imt are converted 

into white oxides, iiisidubh* in the acid; they are readily soluble in U(Hia regia (or 
hyilnichhu’ic acid and clilorate of potassium), if excess of nitric acid be avoided. 

Wli'Mi a liindy jtowderod sulistanee i.s neitluT dissolved by successive treatment with 
t’j'- al’iivf* solvents, nor so »lccom[>osed or attacked by tliem a.s to give an idea of itrt 
iKii irc, it must ]}c rt ii/ti. rtd i<olfdd/\ in or»ler (hat its constif uents may dctt'rniincd 
i:- tie M rt way. Tlie method of doing flii.s frequently <le|M'nds njKUi lhi> resiilt.H of 
tin- ] i« liniinary examination. Tlie following are the principal insoluble (or dilKcuItly 
s'-lublv) su! islances, 

1. (fd barium, strontium, calcium, ami lead). 'When heated on charcoal 
wiMi cirl onafc «>f sodiiiiu, they give an alkaline sulphide: suljdiate of lead gives also 
a uiidl.-ubilo inctullic globule; it is blackened by sulphid<j of ammonium, ami Boluble 
ifi 1 :i''!c tartrate of arniiioniuTii, They arc rendered soluble by fusion with .'j — 4 pis. 
c.ik.'ii:::,- carb<,uatc: after .reatiug thti fused mass with W'ater, the Holution contains 
t: •* a. id as alkaline .sulphate, and the residue the ba.so, as carbonate, w'hicli is now 
s biM.,- in hydroelilorie acid. In this and in all the fnllow'ing cases, tile .substaiiCi^ 

I.; !-t br j-owih ia-d a,s linely a.s j>o.ssible before fusion. The sulphates of strontium, 

‘ d. iiirii, aud lead arc deeomjKisetl (the flr.vt not cornpIet<‘Ij'), by (ligestinji with a «olu- 
b 'U of S'. .lie carbonate : sulphate of calcium is KOinewhal soluble in water, 

2. Sd^'ra and adicates . — Wien Ijealetl befiire the Idowpipc with microcosmic «alt, 

y swim undissolved in the fused bead. They arc rcutlercd solulile by fiLsion with 

4 pts. alkaline carbonate (or hydrate of barium), treatineiit w’ith hydrochloric acid, 

• ud twaporation with free acitl, when the silica remainy iii.solubJc; or by treatment 
hy Irolluorio and .sulphuric acids. 

y. FI torrid* a (fluorspar, &c.) — When gently heated with eoncentrated sulphuric 
•e ; tljey evolve hydrofluoric acid, whicli corrodes glaaa : if silica be present, fluoride 
f t >:iioiuui is evolved, which givc.s a precipiUite on conbict w'ith water. They are 
-h cfuiij>oyt>d b.y fusion with 4 pts. alkaline carbonate, wdth addition of silica if rieces- 
siiry. 

4. Aifa^tirra or yf^y/wt/mifc^.-^They give a blue infusible iMa.sy when healed with 
■ "biitt-solution. They are rendered soluble by fu-sion with 3— -4 pts. ac’d sulphate of 
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6. Chrmuic oxida (rhroinc-iroi]>ore). — It gives a green bead in both flames with 
Iwrax or niierocosinic salt. Chrome-iron -ore is dccomj)oscd bj successive fusion with 
acid sulphate of pota.s.sium, and with alkaline carbonate and nitre. 

6. Binoxidc of tin, and Anti/mmic anhydride . — Tliey are coloured yellow by sul- 
phide of ammonium, and diasoived by digestion in cxee.ss of the reagent: when heated 
on charcoal with sodic carbonate, they yield, the first a malleable, the second a brittle 

metallic globule. They are rendered soluble in acids by fusion with 3 4 pts. alkalino 

carbonate. 

7. TantaJic, tunr/stir, iifanie, and cofumbona anhydrid( s, — They give with niicro- 
cosmie salt a blue, violrt, or (in jn-e-senco of iron) a blood-red, bead: with zinc and 
hydrochloric acid, a coloured solut ion. They are rendered soluble by fusion with 6 pts. 
a(*i<l sulphate of potassium. 

8. i'hforide, hnooide, itxUde, of .sifm r ; Sulphides of moJf/hdeyuan, lead, tj'C.— Chloride 

bmmidc, and indid(* of silvci-, are soluble incyanide of j>ota.s:>iinm : when heated on char- 
coal with so«lit! carhoiiatc, they yield metallic silver. Iii.so]ublo .sulpdiidcs give off 
Fuljilnirous anhydride when heated : .sulplnMe of molybdeiinm gives a yellowish-<rrff n 
b<uid with microsiriic suit, and is converted ]>y roasting into molybdie anhydride, which 
give.s a hliie colour with zinc and hydrocliloric acid. ’ 

I>, Metals (ostiiide of iridium, or residues of |>latinum-ores). — The insolnblo sul>- 
staiiee has nietalJic lustre, or is a black jiowder, not atTeeled by ignition. Ifc i.s renderetl 
soluble hy rnixturo with chloride of ealcinm and ignition in a stream' of chlorine* or 
by fusion with jiotash and chlorate of potassium. * 

10. The insoluble .substance i.s black (as diamond, colourless) : it dis- 

appears when strongly ignited in an open phitimnn crucible, or before tlio blowpipe* 

It iletonatcH when fused with nitre, forming carbonate of potassium; and yicMs 
cai-honie anhydride when ignited with oxide of copper. ^ ^ 

Jf tlie luvliminury rxiiinination furni.she.s no distinct idea a.^ to the nature of the 
ius<dublt: s«d)stanee, it must be fu.sed with four times its weight of carbonates of polc.s- 
Hium and sodium, the fused mass exhausted with wafer, and the residue treated with 
hydroeldonc acid. If the siikstance contains any easily reducible metal (arsenic 
uiitiirioriy, tin, lead, bisiuutli, &c,) it must not bo fused in a platiiiuin crucible. 


III. Queditative Analysis of Solutions. 

The first steps to be taken in the qualitativo analysis of .solutions aro to ascertain 
wJjetfuu* the solution is neutral, acid, or alkalino to te.st paper; and wliether it coi, tains 
any noii-voliifile constituents. For the latter purpose, a small ]>nrtion of it i.s em*e- 
lully I'vnporated on plat iniim-foil : wlien, if non-volatile compounds are presf ut. a 
resume ,S lelt whieli ,io,‘s not disappear \vlien strongly Jieated, and slmuld besuhmilted 
tortile preliiiiiiijiry examination above described. 

These^ precauti,,rjH are of course unnecessary when the solution I, as been made by 
the aiialy.st Imnsed, as descnbcl in Section IT.: but tliey should never be neglected 
wUeu the siihstaneo to be examined is already in the liquid form, since, if eaVefullv 
perfoniuvl, tiny may «'miMo him to eonclude at once as to tJin pre.sence or abs( nee of 
wliole groups ot bodies 11ms it is evident that a solutlun which, after eanful evapo- 
ra ion, leaves no hxed residue, caimnt. contain any non-volatile metallic* salts A 
omh hvn gmierally contain only saltsofthealkalineoralkaline- 

scdi.flonTlV ‘d most other metals have an acid reaction. An alAalins 

metals lei " ‘‘l ’ compounds aro present), cannot contain any 

bv fhe ? . »‘‘lts are iMst.luI.Io in alkaline liquids ; if the alkalino reaction bo caused 
is ii eaiFonate, the presence of flic alkaline-earthy metals 

KolatiLn Jl'i ^J'>»»-volatiIe organic compounds are present, an alkaline 

cviriidel s d ' copper oi' se.squis;ilts of iron, as w'oll as such oxides, 

file or.-s^mei * cyanide of potassium or alkaline sulphides, 

thus ti e r * absence of certain metals, and vire versd : 

acid aildsilv^ T' ^idphuric acid and barium, hydrochloric 

•a 1 1 ’ 'her neeil not be looked tor in an alloy soluble in hydrochloric 

«eid nor gold antimony, fin, &c. in one soluble in nitric acid f^>drochloric 

of tw!iuVimI. ’ ' PortioBB 


a. Ki'amination for Metals. 

‘'"""‘"‘jf ™inination for metals which is now almost exclusirely 
employed, (loponds tipon the heiiaxioiirof metallic Siilfs in solution towards the follow^ 
: ijMW/e ari.f. hffdrosnlpkuric aoul, Z 

Z.Z lntai if fh«f »« ri.-igcnt.s arc volaiilc’; 

so that m tl.ui application no sid>slauce is introduced into a solution which cannot 
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1,0 roninvtHl by f^implc eloration of temperahire. I'Ium*!- a]>i>Iu*ation depends upon 
fill' illlfoiout f:olnbilitj of motMllic dilorides and eulphitlos. juul of Mie oarbonatos of 
ti'.o alkali no-eaiiliy iiud alkaline metals. By means of these general reagents, as 
we have alretuly observed, the metals are divided into certain groups, wliioh are 
siucessivrly eliminated from the solution under exan\ination ; by which proeeeding 
iht‘ <h'tt‘ilion of each individual member of oaeb group is eonsitlerably facilitated. 
Tile fnllowiiig are the groups into which the inetallie elements are thus divided ; 

a. Metal ■ whoso chlorkhs are insoluble, or dilVuailtly soluble in \vatt*r or dilute acids. 
These are lead, silvtT, and mercury (the last as sub-saits). These metals are uot goiie- 
rally dashed in a group by tliemsclvcs, but are iiichidcd in the group next following, 
to wliich they also belong. 

(iroiip 1. — JMi't.ds whose are insoluble in water or in dilute ueids, 

Tliey are all preeijd tided from their slightly acl<l .solution by hy dros ulpliu ri c 
acid. Tiiey are further divided into two subdivisions according to the behaviour of 
their sulpliide-s to siilphiile of ammoniuin. 

A . — Metals whose sulphidc.s possess acid proj>erlies. Their sulphides 
(■re ."iiluMe in alkaline sulpliides (sulphide.s of ammonium, potassium, or 8odium\ 
f nnitiLr tlicrewith soluble sulplio-salts, which are generally anah'igous to the oxygen 
c .lts I'f the .sime metals, oxygen being rephicinl by snlplnir. are arsenic, iinti- 

tii 'iiy. tin, gold, platinum, iiudium, yeleiiiinn, tellurium, molybdenum, wolfnim, 

\ iiidilimn. 

— Metals whoso sulphides do vof possess acid propiu’tles, not.com- 
b 1 ins’: with alkaline sulphides, and so being insoluble therein. 'I’liey are lea<l, silver, 
lii. reiirv, bismutli, eojijM^r, cadmium, palladium, rhodium, osmium, riithculum. (Snl- 
I ;h h' of uuTcury is soluble in sulphide of polas.sium or sodium : suli hide of copper is 
- V. Ii.it selubie in sulphide of ammonium.) 

Metals which are not precipitated by liydrosulphnric acid, but wliicll 
j p< ei|>ila1ed by sulphide of ammonium, from acid solutions. Tliis group 
birdier .su](d‘ivided. 

N h/Z/v-sho/ - Medals wliich are prcci])itafed as sikjAtiika. They are nickel, 

'■ I :i!f. manganese, iron, uranium, zine. Tlieir sulphides arc insoluble* in water, but 
i :' h* in dilate aeid.s, with evolution of hydrosiilphnrie acid: lienee fliey are not 
1 .1 eij.ifafed ai all by hydrosuljilmric aenl from aeid solutions, and not completely 
1: Til leutral Siilutlon.s. They are however completely preci})ilat4*«l from an acid soln- 
> - m by .'-uliihide of ammonium, the acid being neiitrali.scd by the ammonia contained 
in if. 


> ■■'fln't.y'ina /y. - Metals wliich arc precipitated as Tiny are abiTniniimi, 
1 Ilf ilium or borylHiiin, zirconium, thorium, yttrium, erbium, hM’liiiiin, cerium, lan- 
f amim, liidymium: titanium, tantalum, eolunibiiiiii, ehromium, (The first ten mctahi 
if tins subdivision are known as im tals of th rarlhit^ or airiht/ niiiafs). 'fliey rlo iii»t 
' ' ■obiif Willi sulphur in tlie wet way, and so an* not preeijiitatcd by Jiydrosulplinrie 
.1' id 11! ill r any i'ii’enrnstaiices. Their hy<lr:it<‘s, howi'ver. bf iiig insfiliilde in water, aro 
I n eipilafcd from their neutral or aeid solutions by siilj'liuhi <if ammimiiim, tlie ai'id 
< y uhiel) tliey were lield in solution being neutrali.seii l.y the ammonia of llie reagiUit, 
"!ii!e iiydiM.'*ul]i]inrIo iieiil escapes. 

t i'ltaiii eompniiiids of the earlhy and alkaline-i'uilliy metals with non-voIatile acids 
M if ■‘.phates, oxalates, liorates. A:c,), being soluble in <liiute acids and i insoluble in 
voiti'i’, ar.- simihirly precipitated by sul[»))ide amnioinnm. 

^ tiroup3. — Metals whose fifflftf/iil> ,s nml hr/tlru/r.s an* solublii in water; which, 
t;i' ref. jiiv not preeipitat<.»l by livilnisulpuhrie at-id or sulphide <if ammonium from 
:o:v sr.Iulf.n. This ^^rruip inebid<-s tin* <(l/^afia*-nirf/tt/ uin\ nlhtHai- metals. They are 
larilifT ‘•iiltilividi d a^-eordlng to tlnur behaviour to carbonate of ammonium in presence 
'd ' iili.i'ide of ammonium. 

Svinhnsiua yl. - Metal.s which are precipitated by carlioiiatn of ammoniiim. 
yiey are barium, strontium, calcium. Their normal carbotjates arc iiisolublu in WHt.er 
or ill ehloridi* of animonium. 


Sufultnsion li. — Metals which arc niyi preeijiitatcd by carbonate of ammonium. 
I li'-v are uiagm siiiru, pota.s.sinm, sodium, litljiiim, ammonium. Carbonate of magno- 
T- nu is insolublr in water, soluble in ebloriile of airmioniiim : the earljonales of tlie other 
» dr miVaJs (alkMline mctal.Hl, .are solulde in waiter. The dith-rent solubility of their 
I !0'[.liates ijftbnls a means for the further deti-ction of the metals of this subdivlHinn. 

In tlie u'-ual classification, the alkaline-earthy Tnetals fbarium, strontium, calcium, 
T laLme^.uim ) constitute Group 3; and Group 4 compriHCs the alkaline 

I he f dlowing tal.Ic exhibits in a compendious fonn the behaviour ot* all the 
rietais to the general reagents alKive enumerated. 
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Behaviour of Metallic Solutions with Hydrochloric Acid, 

Ammonium, 


Hydrocblorio 

Acid. 

Hydrosulphurio Acid. 

Metals which are pre- 
cipitated as chlorides 
from their neutral or 
acid solutions by hy^ 
drochloric acid* 

f 

Metals which are precipitated as sulphides from their 
hydrochloric acid solution by hydromlphuric acid. 

Metals whose salts 
are partly re- 
duced in snsciA 
solution hy hy 
drosulph acidj 
with separation 
of sulphur.* 

Lead (partially), white, 
crystalline, soluble in 
hot water, precipitated 
thence by sulphuric 
acid. 

SUver, white, curdy, 
soluble in ammonia, 
precipitated thence by 
nitric acid. 

Meroury as subsalt, 

white, finely-divided, 
blackened by am- 
monia. 

Soluble in stdpkide of 
ammonium. 

\ 

Insoluble in sulphide 
of ammonium. 

Iron as ferric 
salt. 

The solution be- 
comes colourless, 
and contains a 
ferrous salt 

Chromium as 
ehromata 

The solution be- 
comes green, and 
contains a chro- 
mic salt 

Arsenio (yellow). 
Antimony (orange). 

Tin* (brown or yellow). 

Gold L 

Platinum { f v 

[Iridlnm] 

Molybdenum t (brown). 
[Selenium] (red-yellow). 
[Tellurium] (black). 

Mercury* \ 

Silver { . 

leadt 

Copper / 

Cadmium (yellow). 
Bumutb (brown). 

[Palladium] t \ 
[Osmium] ( (black- 

[Bhodium] i brown). 

[Butbenium] ) 

* Tn a saturnted Holiitlnn 
of a barlum-Milt, hydrochl, 
ncltl alvea a white precip. 
readily sohihle In M'nicr. 

In an alktxliiw solution, 
hydrochloric (or nitric) a<'la 
irlves a precipitate iu pre- 
sence of 

SUicio 

Antimontc . 

Ttmusth ‘ * 

B0uzoie 

or of those metals whose 
oxides are soluble In alkalis 
(alumlHlum, Ac., soluble In 
excess of acid) ; or of cjf- 
aniditi and 

or of those »ui»hide$ which 
are soluble in sulpldde of 
ammonium. Innresenraof 
soluble potyiulpAide* or ky- 
pottiipkitMt sulphur is se- 
parated. 

• .SnS is brown, SnS* yellow. 
From the solution of HnS In 
Bulpliide of ammonium, hy- 
droi’hl. acid precipitates yd- 
low SuS2. 

t The Bulnhldes of tungzten 
and are not pre- 

dp. by bydrosuiph. acid from 
an add solution : but they are 
when their solution In sul- 
phide of ammonium is de- 
composed by an acid. 

* Mercury as protoealt Is 
precip. wlifte by a little hy- 
aroBTuph. add; black by ex- 
cess. 

t Lead is only predp. com- 
pletely from dilute, not loo 
add. solutions. 

t The sulpliidos of all the 
platinum-metals are precipi- 
tated very slowly. 

• Bulphnr Is also 
separated in presence 
of firee eMorins, brv 
mine, and iodine, of 
nUphurove, nitroiu, 
htfpoeklorout, ehlo- 
He, iodie, bromie 
adds, Ac.: and gene- 
rally in presence of 
easily redudble salts 
of metals which aw 
not precip. as sol- 
phldes from an add 
solution. 

ft 


The metals enclosed thus [ ] are tery ran, ani 
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drosulphuric Acid, Sulphide of Ammonium, and Carbonate of 
cessively applied. 


Sulpliide of Amxnoziium. 


Carbonate of Ammoniuni. 


Is which are precipitated by sulphide of ammonium^ in presence 
of chloride of ammoniam. 

solution should be neutralised with ammonia before adding sulphide 
of ammonium.) 


As Sulphides : 


As Oxides : 
also precip. by ammonia. 


As Salts: 
also prec. by amm, 


Metals which are precipitated neither 
by hpdrosUiphufic acid nor by 
sulphide of ammonium. Car- 
bonate of ammoHiuntf in presence 
of chloride of ammonium^ 


precipitates* 


does not 
precip. 


:eP 

It 


(black). 


linm { black-brown ), 
ganese (flesh-red), 
t (white). 


P of nloVel and 
Roluldo 
bj’droc'h]. 

‘".yellow aul* 


a. soluble in potash. 
Aluminium ♦ > (cotour- 
[Glucinum] j less). 
Chromium (green). 
[Tantalum] f. 
[Columbium or Kio- 

bium.] 

b. insul. in potash. 
[Cerium] 

[Lanthanum] 
[Bidymium] 

[Yttrium] 

[Erbium] 

[Terbium] 

[Zircouium] 

[Thorium] / ^ 
Titanium 


a. in presence of 
phosphoric acid, 

Xagnesiain(crys*J 
talline). 

b. in presence of 
phosphoric, ox- 
alic, boric OP hy- 
drofluoric acid. 

Calolum* \ 
Strontium | ;i 
Barium ^ 
as phosphates, ox- 
alates, borates, 
or fluorides. 


Barium 
Btrontium 
Calcium 
as carbonates. 


It 


• In presence of pliosplioric 
acid aluminium ia also precip. 
as phoephate, eoi. in notaah. 
t Soluble after Aulon with 


a. precipi table 
by phosphate 
of ammonium 
(and ammonia) 

Kagneilmn 

(crystalline). 

b. not precip. by 
phosphate of 
niunionium, 

PotAwium. 

Sodium. 

Lithium.* 

Ammonium. 


* The alkaline- 
earthy phospiiates 
are iiisol. In ixjtaah, 
eol. In acetic acid. 
OxiUaie of calcium Is 
Iniol. In acetic add. 


* The precipitation 
is notcomplete uiiImb 
ammonia la eddetl. 
atid the whole hesttu 
to boiling. 


* A concentrated 
solution of a 11- 
tlilnm-salt la pre- 
cip.byn)iosph.s6d. 

onli^ng. 


except in special cases. 


oot be sought for 
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If we eappoee tlie case of a solution containing .oil the metals, it is obvious that, by 
the successive application of each of these general regents, we shall separate, tirot, by 
hydrochloric aci(t those metals whose chlorides are insoluble ; secondly, by hydrosul- 
phuric acid, those metals whose sulphides are insoluble in dilute acids ; tliirdly, by 
sulphide of ammonium, those remaining metals whose sulphides or hydrates are 
insoluble in neutral or alkaline liquids ; and lastly, by carbonate of ammonium, those 
metals whose carbonates are insoluble: so that at last we hare only the alkaline 
metals left in solution. In order, however, to effect the complete separation of each 
group, the general reagents must bo employed in the order above stated: for sulphide 
of ammonium would precipitate those metals whose sulphides are insoluble in dilute 
acids, as well us those whoso sulphides aro only insoluble in neutral or alkaline liquids ; 
and carbonate of ammonium, if employed before the other reagents, would precipitate 
most of the metals of Groups 1 and 2, their carbonates being also insoluble. 

The following rules, the importance of which will be obvious on the least reflection, 
must also bo strictly obscr\'ed. ' 

1. The mineral acid employed to acidify the original solution (when it is not already 
sufficiently acid), is either liydrochloric or nitric acid. Both are employed dilute, and 
not in sufficient quantity to interfere with the formation of the sulphides of Group 1. 
Hydrochloric is generally preferable to nitric acid : for it serves as a general reagent, 
separating at once those metals which form insoluble chlorides. If nitric acid be em- 
ployed, these metals will be found in the precipitate by hydrosulphuric acid. 

2. The precipitation by each general reagent must be complete. To ensure this, 
the reagent must be added gradually, allowing the precipitate to subside between each 
addition, until no further precipitate is produced. In the case of hydrosulphuric acid, 
the preeijn'tation is oomplete when the solution, after agitation, still smells strongly of 
the gas. Gentle heat facilitates the separation of precipitates in almost every case. 
Arsenic (as arsenic acid), gold, platinum, iridium, rhodium, and molybdenum, arc 
precipitated very slowly by hydrosulphuric acid. Tungsten and vanadium are not 
precipitated by hydrosulphuric acid from an acid solution : they are, however, included 
in Group 1, because theijr sulphides (obtained by adding sulphide of ammonium and 
then lryr<irochloric acid), arc insoluble in adds, but soluble in sulphide of ammonium. 

3. Each group, when precipitated, must be thoroughly freed by washing with water 
from all mombers of the subsequent groups, which may be contained in the solution. 
This washing is effected, according to circumstances, eitlier on a filter, or by decan- 
tation, If the precipitate contains any easily oxidable Bulphidc.s, a little liydroaul- 
phuric add must be added to the wash-water (if the sulphide is insoluble in dilute 
acids, e.g. sulphide of copper), or a little sulphide of ammonium (if tlie .sulphide is 
soluble in dilute acids, c. g» sulphides of iron and mangfanosc), in orrlor to prevent the 
partial oxidation of the sulphide by exposure to the air during the washing of the 
procipilJito. After the precipitation of each group, it is advisable to ascertain the 
presence or absonee of any members of the succeeding groups, by carefully evaporating 
on platiiiutn-foii a moderate quantity of the filtrate; if, after ignition, there is no 
distinctly visible residue, non-volatile substances need not be looked for further. It 
is obvious that, if these two precautions (complete precipitation and thorough washing) 
bo neglected, metals belonging to one group are liable to be found among those of 
another group ; and consequently, as the analysis proceeds, reactions will be obtained 
which will be the source of great perplexity to the unpractised analyst. 

Each group of metals having been separated by the application of general reagents, 
the presence op absence of each member of each group is ascertained by means of 
special or characteristic reagents. It seldom happens that the number of elements 
conlained in any inorganic compound exceeds ten or twelve : and in most cases some 
distinct idea of the nature of its principal constituents is afforded by the results of the 

metallic minerals and alloys, the heavy metals are 
chiefly to be looked for : in silicates, the earthy, alkaline-eai^y, and alkaline metals, 
^n, and manganese. It frequently happens that important information may be 
denved from the colour of a precipitate or of a solution. Thus solutions of cupric, 
cliromi^ molybdic, and vaniidic salts, are blue or green ; those of nickel-salts, green ; 
those of fcrrous-8alt.s light bluish-green ; those of chromates, gold-salts, ferric- and 
platmic-salts, yellow, with a red or brown tinge ; those of cobult-salts, red, &c. These 
flours are not perceptible when the amount of metal present is veiy small, or when 
they are masked by the presence of other metals, the colour of whose solutions is 
complementary to them. 

lu oid^ to show the systematic method by ‘which the members of ea<di group are 
detected m presence of each other, we will now briefly go through the most important 
groups mentioned in the table. 

1. PreeijHiaig produced ^ hgdrochloHc Chloride of lead is soluble in a laige 

quantify of water, especially on boiling; chloride of silver, in ammonia; sulx^lorKU 
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of is blackened ammonia. (The addition of either liydrochlorio or nih'ie 

ueid may produce a jprecipitate in presence of such acids^, hydrates, cyanides, sulphides 
as are soluble in alkaline liquids, but insoluble in water; or a precipitate of 
sulphur, in presence of a polysulphide or hyposulphite, or a white precipitate readily 
ik>hible in more water, in a saturated solution of a barium-salt.) 

2. Ih'ecipitate produced hy hydrosuJphuric acid. 

a. portion soluble in alkaline sulphides. — Sulphide of arsenic is soluble in acid sul- 
phite of potassium or in sesquicarbohttte of ammonium, the .sulphides of antimony and 
tin arc not* When the three sulphides dissolved in aqua-regia, and the solution is 
introduced into a Marsh’s apparatus, antimony and arsenic are detected by the behaviour 
of their gaseous hydrogen-compounds ; tin, after its separation by zinc, by its solubility 
ill hydrochloric acid, and by the reaction of its solution with chloride of mercury. 

h. portion insoluble in at knUne stdphides. — The precipitate is treated with nitric 
acid : sulphide of mercuiy’ and sulphate of lead may remain undissolved. In the 
solution, load is detected by sulphuric acid; silver, by h 3 ’’drochloric acid; bismuth by 
its precipitation by ammoni^ or by water if no excess of acid is present; copper, by 
the blue colour of its ammoniacal solution, or by ferrocyanide of potassium; cadmium, 
by the precipitation of its ammoniacal solution by hydjmsulphuric acid, after the addi- 
tion of cyanide of potassium. 

3. Precipitate produced hy sulphide of ammonium. — The precipitate is digested with 
excess of caustic potash in the cold : chromium, zinc, aluminium, andglucinum are found 
in the solution. Of the metals contained in the residue : cobalt, nickel, and manganese 
form soluble double salts with ammoma, and so are not pn‘cipitated by it ; iron, uranium, 
the rarer oarlby metals, and alkaline-earthy phosphates, oxalates, &e., are precipitated 
by amnionid, even in presence of chloride of ammonium. The hydrates of uranium and 
the rarer earthy metals are readily soluble in carbonate of ammonium : ferric hydrate 
is loss soluble, and the alkaline-earthy salts are insoluble. Ferric salts are detected 
by sulphocyanatc or ferrocyanide of potassium ; the alkaline-earthy suits by appro- 
priate characteristic reagents. 

4. Precipitate produced by carbonate of (tmmonhm. — The metals which compose 
this group (barium, strontium, calcium) are distinguished by the difterent solubyity 
of their sulphate.^j, oxalates, chromates, &c. : and by the colours which they com- 
municate to tlie blo>?pipo dame, or to that of burning alcohol. 

5* The solution, after the successive application of the above general reagents, 
CLin only contain magnesium and the alkaline metals. Magnesium » detected uy its 
precipitation by phosphate of ammonium; the alkaline metals by the colour which 
they impart to the blowpipe or alcohol tlamo, and by the different solubility of their 
tartrates or chloroplatinates. Ammonium is always sought for in a separate portion of 
the original solution : it is detected by the evolution of ammonia when any of its salts 
are heated with a fixed alkali or alkeJine earth. 

^\\\ee hf^sulphitt of sodium is decomposed by the salts of most of those metals which 
an> precipitated by hydrosulphuric acid from an acid solution, a metallic sulphide being 
precipitated, it has been proposed to employ this compound as a general reagent 
iiLstead of hy^sulphuric acid, and so to avoid the unpleasant smell of the latter. 
This substitution, however, has not as yet been generally adopted. 

(Jarbmate of barium may also be employed as a general rea^nt When a solution 
couiaining metallic salts is shaken up with excess of this salt, in the cold: 


Are preciplutad. 


Tin. 

Gold. 

Iridium. 

llhodianu 

Palladium. 

Platmum, 

Mercury. ‘ 

Copper. 

Bismuth. 

Cadmium. 

Aluminiunu 
Manganese ) 

Iron vas sesquisalts. 

Uranium j 

Chromium, as sesqoisalti or as chromie acid. 
TiUmiim,as titanic add. 


Are not preclpiUtc4. 


Silver. 

Iron \ 

[mpwwmIU 

Manganese J 
Zinc. 

Cerium. 

Yttrium. 

Olucinum. 

Magnesium. 

Calcium. 

Barium. 

StrontiniB. 

Ammonium. 

Lithium. 

Sodium. 

PotflSSitUD. 
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Mercnij, platinum, pdladium, rhodium, iridium, and gold are precipitated hy 
carbonate of barium only when they are present as oxygen-salts, not when present as 
chlorides, See. Arsenic, antimonic, phosphoric, selenic, and sulphuric acids are not 
precipitated by carbonate of barium until the solutions of their salts haye been 
acidulated with nitric or hydrochloric acid. Carbonate of barium is not much used as 
a general reagent ; it is however employed with advantage for the separation of the 
metals which are precipitated by sulphide of ammonium, since it precipitates com- 
pletely those which are present as sesquisalts, while the protosalts remain in solution. 

When, in the course of u systematic qualitative analysis, one or more members of 
the different groups have been recognised as constituents of the substance under ex- 
amination, by means of the reactions above enumerated, the results must be confirmed 
by certain special reactions, which will bo detailed at length in the articles devoted to 
the several dements. 

. b. Examination for Acids. 

The qualitative detection of acids, is, on the whole, more difficult than that of metals ; 
still, with due care, it may be accomplished with great precision. In most case^ the 
preliminary examination, as well as the nature of the metals already found, give infor- 
mation ns to wliat acids should especially be looked for. The knowledge of the 
solubility of different salts, and of the reactions of their aqueous solutions with 
vegetable colours, is of the greatest importance in this examination. By heating the 
sul>«tanco cithcT alone or with concentrated sulphuric acid, the presence or absence of 
organic and volatile inorganic acids is at once ascertained, these acids either volati- 
lising undecomposed, or yielding volatile products of decomposition. For this pur- 
pose, a Hinall portion of the dry substance is heated in a test-tube (not to boiling) with 
3 to 4 times its volume of concentrated sulphuric acid; when, in the case of all acids 
which nro cither volatile without decomposition, or are decomposed by sulphuric acid 
at a high temperature, gases or va^urs are evolved, the properties of which, in most 
coses, indicate the nature of the acids present. 

1. Non-volatile avida: whose compounds evolve no vapours when heated wdth sub 
phuric acid, the mixture not being blackened — Silicic, Boric, Phosphoric, Sulphurie, 
Iodic, Arsenic, Sclcnic, Tungstic, Molybdic, Titanic acids. 

2. Arida which evolve a coloured gas^ the mixture not being blackened — Hydriodic, 
ilydrobroniic, Bromic, Chloric, Hypochlorous, Nitrous acids. 

3. Acids which evolve a colourless gas, generally •poasesaea an irritating smell 
and an acid reaction, the mixture not being blackened — a. Volatile without decom- 
position: Hydrosuljdiuric, Hydrochloric, Nitric, Acetic, Benzoic, Succinic, Hydro- 
floric acids. The gas evolved is not inflammable, except in the case of hydro- 
sulphuric acid — b. Decomposed — Cyanic, Chromic (evolves oxygen). Carbonic, 
Sulphurous, iryposiilphurous. Polythionic, Oxalic, Formic, Hydrocyanic, Sulphocyanic, 
acids, Ferro- and li' erri-ejanides. In most of these cases, the gas evolved is inflam- 
mable. 

4. Non-volatile organic acids: Tartaric, Racemic, Citric, Malic, Tannic, Gallic, 
Uric acids. The mixture is blackened, and carbonic and sulphurous anhydrides and 
carbonic oxide are evolved. 

The behaviour of a mixture of salts, when heated alone or with sulphuric acid, is 
often different from that of each individual salt under the same circumstances. Thus 
a niixluro of a nitrato or cJilorato with a salt of an organic acid, does not blacken when 
ignited, but commonly detonates : a chloride, in presence of a nitrate, when lieated 
with siilpliurio acid, evolves chlorine and red nitrous fumes; in presence of a chromate, 
red fumes of chlorochromic acid ; in a mixture of a sulphite and a nitrate, chlorate, 
chromate, fee., the sulphurous acid is converted into sulphuric acid ; in a mixture of 
a sulphide and a sulphite, the two acids decompose each other, sulphur being sepa- 
rated, and the charaotcristic smell of each destroyed. Chloride and subchloride of 
mercury, and cliloride of tin are decomposed with difficulty, if at all, by sulphuric 
acid. 

From a solution containing volatile and non-volatile acids* the former may be 
separated by distillation with dilute sulphuric acid. ' 

The general reagents usually employed in the examination for acids in the wet way, 
ore chloride or nitrate of barium ; chloride of calcium ; a mixture of sulphatd of mag- 
nesium, ammoni^ and chloride of ammonium; sesqulchloride of iron ; nitrate of silver; 
and indigo-solution. By these reagents, the most important acids are divided into'ths 
following grou^ 

I. Acids which are precipitated by chdorida of barium : — - 

St flxim a solution acidulated with nitric or hydrochloric acid— Sulphuric, Selenic^ 
FluosUicic acids. 
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A. fVom a neutral solution (the preci{>itate being soluble in acids)— Sulphurous^ 
Phosphoric, Carbonic, Silicic, Hydrofluoric, Oxalic, Chromic, Boric, Tartaric, Citric, 
Arsemous, Arsenic acids. The last fiye acids are not precipitated in presence of 

ammoniacal-salts. 

2. Acids which are precipitated by chloride of calcium : — 

a. From a neutral solution only (the precipitate being soluble in acetic acid)— Phos- 
phoric, Arsenic, Boric, Carbonic, Sulphnrons, Tartaric, Citric acids, and Ferroeyanides. 

^ h. From a neutral or acetic acid solution— Sulphuric, Hydrofluoric, Oxalic, Bacemic 
aciils. 

3. Acids which are precipitated by s\dphate of magneeium, in preeenee of ammonia 
and tM'ride of ammmiium — Phosphoric, Arsenic, Tartaric acids. 

4. Acids which are detected by sesquicMoride of iron : — 

rt. Arc precipitated — Ferroeyanides (from a solution containing free hydrochloric 
ncid); I*hosphoric, Arsenic, Tannic acids (from a neutral or acetic acid solution) : Boric, 
jh'iizoic. Succinic acids (from neutral solutions only). 

h. Arc coloured— In presence of free hydrochloric acid ; Ferricyanides (brown), Sul- 
plic'cyauic acid (rod). In neutral solutions only : Acetic, Formic, Sulphurous, Meconio 
flcitls (red) : Gallic acid (black). 

5. Acids which are precipitated by niirate of silver : — 

a. From neutral solutions only (precipitate being soluble in dilute nitric acid) — 
rhosphoric, Pyro- and Meta-pbosphoric, Arsenic, A^enious, Cbromic, Oxalic, Boric, 
Tartaric, Citric, Sulphurous, Formic acids : Silicic and Acetic acids from concentrated 
Sul ut ions. • • 

k From acid solutions also (the precipitate being insoluble in dilute nitric acid). 
Hydrochloric, Hydrobromic, Hydriodic, Hydrocyanic, Sulphocyanic, Iodic, Hydro- 
Buiphiiric acids, and Ferro- and Ferri-cyanides. 

6. Indiqo^soJution is decolorised, without the addition of an acid, by free chlorine 
and bromiiio ; by all the oxygen-acids of chlorine, when free, and by metallic hypo- 
rlilorites ; by free nitric acia, if not too dilute, by alkaline sulphides, and by caustic 
alkalis. On arldition of sulphuric acid, wid heating, by chlorates, bromates, iodates, 
and nitrates. On addition of hydrochloric acid, and heating (chlorine being evolved), 
by all the foregoing compounds ; also by chromates, selonates, tcUurateB, vanadates, 
manganates, permanganates, ferrates, and all peroxides. 

In investigating the acids contained in a soluble compound, the first step is to as- 
certain the bchariour of the solution to vegetable colours. When, os is f«.*quently the 
erfsc, a neutral solution is required, the solution, if acid, is neutralised by ammonia ; • 
if alkaline, by nitric acid, or, if nitrate of silver be not employed as a reagent, by 
hydrochloric acid. But, as many of the heavy metals, as well as some alkaline-earthy 
Lillis, arc precipitated when their solution is neutralised by ammonia, it is generally 
lu ccswnry to remove from the solution all metals except tho alkaline metals, before . 
pir*ct*eding to test for acids ; in which process, the presence or absence of metallic acids, 
anil of alkali ne-carthy phosphates, oxalates, &,e, will bo ascertained. Wlien this is 
m‘t done, it is frequently necessary to substitute for the general reagents mentioned 
above, the nitrate of the same base, since nitric acid forms no insoluble salts : thus 
nitj'iiic, insteall of chloride, of barium, must bo employed in solutions containing leaff, 
fiilv(‘r, or subsalts of mercury. We have already mentioned cases in which the additioii 
of nitric or hydrochloric acid to an alkaline SMution will produce a precipitate. The 
f^'ilowing acids are also precipitatt^ by the mere acidulation of their ^kaline solutions : 
Tungstic, Molybdic, Antimonic, Benzoic, Uric acids; Boric and Silidc acids from con- 
centrated solutions. Under the same circumstances, a precipitate of sulphur is produced 
m pw»ence of hyposulphuroua acid or polysulphides : of ioaine, in a solution containing 
an iodide and an iodato ; of acid tarirate of potassium or ammonium, in a solution 
containing the normal tartrates of these metals. The nature of the metals found in 
a selution will often imply the absence of one or more acids : generally speaking, a 
neutralbr acid solution containing one of the metals whose salts are used as general 
rciigf iits for acids, not be examined for any of those acids which are prec^itated 
ly that metal. Thus,* sulphuric or hydrochloric acid need not be sought for in sohiblo 
compounds containing barium or silver respectively. In order not to overlook the 
preHcnce uncombined volatile organic acids, the add solution is neutralised with 
carbonate of sodium, evaporated to d^ess, and ignited : when the organic add, whidi, if 
fi'ce, would have him volatilised undecompos^ is decomposed, with separation of 
carbon. . * . 

Substances which are inaolubla in water or adds are rendered soluble by one of the 
methods already described, and the solution is examined for adds in the wet way. Jn* 
•oluble oompounda of the heavy metals are mostly decomposed by digestion with 
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rrirt-M" of ammonium ; sulphates of strontium and calcium by digestion wWi csibonste 
of sodium ; m both cases, the filtrate contains the amd, together with an excess of the 
decomposing agent* while the metal is found in the residue. Insoluble salts of organic 
acids are decomposed by boiUng with an alkaline carbonate; ferric salts of volatile 
organic acids by digestion with ammonia : in both cases, the filtrate contains an alkaano 
salt of the acid. Sulphides and all salts of the lower oxygen-acids of sulphur, yield 
sulphuric acid when digested with nitric acid, or any other oxidising agent. 

The application of confirmatoiy tests is as necessary in, the case of acids as in that 
of metals. — i\ T. 0. 

The methods of quantitative inorganic analysis cannot^ be included in one article. 
The processes for the separation and quantitative estimation of each element are de- 
scribed in the article devoted to that element. The analysis of ashes, soils, mineral- 
waters, &c. and volumetric analysis, are also described in separate articles. We may 
here however describe a method, of general application, which is found useful in many 
cases, viz. ; 

The Indirect method of Quantitative Analysis, — The usual method of de- 
termining the quantities of tlio several constituentB of a compound or mixture, is to 
separate each of them in the form of a definite compound, which can be collected and 
wciglied, e. g. silver as chloride, barium as sulphate, &c., and calculate the weight of 
the requireu constituent from the known composition of tills compound. It sometimes 
happens however, that the complete separation of certain substances is very difiicult, 
or even impossible, and in that case, recourse is hud to a method of determination, 
which depends on the general principle that any number of unknown quantities may 
be determined simultaneously, if we can find between them a number of relations 
equal to that of the quantities themselves; in other words, n unkno^i'u quantities may 
be determined by means of n equations. 

Suppose for example, wo have a mixture, either solid or liquid, containing potassium 
and sodium, in the form of hydrates or carbonates. Take two equal portions of the 
mixture (it is not necessary to know the weight of these portions), convert one portion 
into chlorides, tlio other into sulphates, and weigh the two products. Let the sum of 
the weights of the chlorides be c, and that of the sulphates b: the unknown weight 
of potassium or, and that of sodium y ; then from the known atomic weights of the 
metals, their chlorides and sulphates, we have : 

74-6 68-5 

39- * + 2r y = “ 

87 71 

39 ® + 23 y = * 

whence the quantities x and y may be determined. 

Another form in which the indirect method may be applied to the determination of 
two substances, is to bring them both together into a form in which they can be 
weighed, €. g, as chlorides or sulphates, and determine the.quantity of chlorine or of 
sulphuric acid in tlie mixture ; thus, suppose a mixture of potash and soda to bo con- 
wtrted into chlorides : let the sum of the weights of these chlorides be a, and let the 
amount of chlorine in this mixture, determined as chloride of silver, he c ; then if « be 
tlio quantity of potassium and y the quantity of sodium, we have the two equations : 


KCl 

Naa 

Cl 

a 

K-* + 

Nry 


+ R^y 

74-6 

38-3 

36*5 

3(-4 

* 

23- y 

39 * 

+ 23-y 


or 

whence x and y may be found. • 

If til roe substances are to be determined, e. g, barium, strontium, and calcium, we 
all ould of course require three equations, which, in the case supposed, might be obtained 
by weighing the three substances, first as carbonates, then as oxalates, then as sul- 
phates. It is seldom, however, that the indirect method is applied to l^e determination 
of more than two substiuices. 

A <»80 in which this indirect method of analysis is often applied, is to the deter- 
mina^on of a small quantity of bromine or iodine in presence of chlorine, as In the 
analysis of mineral waters. The chlorine and bromine are precipitated by a solution 
of suver, and the mixed chiortdo and bromide of silver is weighed. It is then ignited 
in a stream of chlorine till all the bromine is expelled, and the rcsultiiig chloride is 
again weighed : let the diflerence of the two weights be d : then, siiioe chlorine and 



jiU!7i.tirsi8 


bHHiiiiie wplan one enether in Che proportion at tMr atomie Tin 

36-6 to«0,-weli«.ve: „ 

Br-a - d; 5j:j 

36-5 _ . 44-3 „ , 

wheiijce Br — Br * a / 57 ^ Br * a, 

•nd therefore Br ■* 1*797 rf. 
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The indirect method of analysis can only be employed with adyanta^ to ascertain 
the relative quantities of substances whose atomic weights differ conaiderably : with a 
mixture of bodies of the same atomic weight, it cannot give any definite result ; in 
fact the two equations which it involves become in that case identicaL 


juriL&'rsXS (O&OAJTIC). — ^The analysis of organic substances divides itself 
like t)iat of inorganic bodies, into qualitative and quantitative. A fUrther division is 
also convenient, viz. into Elementary or Ultimate Analyeia and Proximate ano/ym, 
according as the object of the inquiry is to determine the ultimate elements^ carbon, 
hydrogen, &c., of which the body is composed, or the proximate principles, such as 
sugar, starch, fibrin, &c., in which those elements are grouped. 


I. EnnusNTABT OB UnTixaTB Ouoaxio Abaltsxs. 

Organic bodies are composed of carbon, hydrogen, and oxygen, ^th or without 
nitrogen, sometimes also associated with sulphur and phosphorus : these are all the 
elements that occur in natural organic compounds ; those which are artificially prepared 
may contain any eleincifia whatever. 

The detection and estimation of these elements depends essentially on the process 
of Combustion. When an organic compound is heated to redness in contact wfeh free 
oxygen, or with a substance which gives up that element with facility, it is com* 
pk'tely decomposed, its elements being separated either in the free state or in new 
forms of combination. 


<|aalltatlwe ilaalysls. Carbon and Hifflrogen are detected by burning the 
compound in a glass tube in contact with oxide of copper or chromate of lead. The 
rarhou is then converted into carlionic acid*, which if passed into baryta-water, forma 
a white precipitate of carbonate of barium, and the hydrogen into water, which collects 
in drops in a small cooled receiver attached to the combustion-tube, or, if in veiy small 
quantity, may be rendered visible bv causing the vapour to pass through a narrow 
glass tube lined with phosphoric an%dnde, which if water is present, will be con- 
verted into phosphoric acid and dissolved. Carbon may also, in nearly all cases, be 
detected by the black residue which remains when the organic substance is burned in 
the air, or ^ited in a close vessel, or heated with strong sulphuric acid; very few 
organic bodies contain sufficient oxygen to burn away the carbon completely, even in 
contact with the air. The black residue of carbonaceous matter may he distinguished 
from black substances of inorganic origin, by burning slowly away when heated to 
redness, and by its property of defl migrating with nitre and chlorate of potassium. 

Nitrogen in organic bodies is for the most part given off in the free state when the 
compound is burned with oxide of copper, but a surer mode of detecting it, especially 
when in small quantity, is to heat the substance in a test-tube with a considerable 
exc^ of hydrate of pota^ium or sodium. The carbon is then converted into car* 
l>onic acid by the o:^c^n of the alkaline hydrate, while the whole or the greater 
part of the hydrogen umtes with the nitrogen to form ammonia, which may be detected 
by its odour, by its action on litmus paper, and by the white fumes whicn it produces 
when a glass rod dipped in dilute hydrochloric acid is held over the moutk of the 
tube (see Ammonia). A still more delicate test for nitrogen is the foliowins, given by 
^^esaigne. A portion of the orgsuiic compound is fused in a test-tube inth a small 
piece of potassium ; the mass is treated with water when cold ; and the liquid boiled 
with protosulphate of iron partially oxidised by contact with the air. If It be then 
supersaturated with hydrochloric aciA the presence of nitrogen will be indh^M bjr 
the formation of a precipitateof Pnusiaii blue, or in case of veiy minute quai^itiee, by 
^ bimh grera colour beutt communicated to the solution. 

Cklorihe in organic bodies is detected igniting the compound with quick lime, 
whereW it is completely destroyed, the chhntne uniting with the calcium, in which 
^te of oombination it may be disMlved out by water, and the chlorine precipitate 
by nitrate of silver. In some organic compounds which contain hydrochloric acid 
^^y formed,' vis. ^e hydrochloratee <^the organic bases, the chlorine msy be imme^ 
d ete c t ed hy nitrate of nlver without thia preUminaiy treatment* 

* Ttwouahout Ihli avtirle. tlM» t«rai cmrk&iieaeH U uMd. Air CO*, |o aecordaBef with < 
laa^adotllM man correct sppellallon earbmtc 
• Olfc L Q ■ 
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Bromine and Iodine m&y be detected by similar treatment; Fluorine in the aame 
manner as in inoreanic bodies. 

Sulphur^ Thos]^oru 8 f and Arsenic^ are detected by igniting the organic compound 
with a mixture of hydmte of potassium, and nitre or chlorate of potassium, whereby 
those elements are converted into sulphuric, phosphoric, ^ and arsenic acids, the 
presence of which may be demonstrated, by reactions appropriate to each. 

Metals occurring in organic compounds, remain for the most in the form of oxides, 
or in the metallic state when the organic matter is burnt. Mercuiy may be detected 
in the ordinary way, by distillation with lime. 

^luantitatlwe Analj’ils* The first quantitative analyses of organic bodies were 
made by Gay-Lussiic and Thdnard. The substance to be analysed was mixed with a 
known weight of chlorate of potassium^ and made up into small pellets, which were 
dropped one by one tlirough a stopcock of peculiar construction, into an upright glass 
tube heated to redness, the gas thereby produced escaping by a lateral tube and l^ing 
collected over mercury. The volume of gas was exactly measured, and the carbonic 
acid absorbed by caustic potash. The remaining gas consisted either of pure oxygen, 
or (in the case of azotised bodies) of a mixture of oxygen and nitrogen, tlie propor- 
tions of which were determined eudiometrically (see Analysis of Gases). Knowing 
then the weight of the substance burned, the weight of the chlorate of potassium used, 
and consequently the quantity of oxygen evolved, also the quantity of carbonic acid 
produced, and of the oxygen remaining after its absorption, sufficient data were obtained 
for calculating the amount of carbon, hydrogen, and oxygen in the substance analysed : 
for, the difference between the total quantity of oxygen which had disappeared, and 
that which was consumed in burning the carbon (this latter quantity being equal in 
volume to tlie carbonic acid produced), gave the quantity which had united with the 
hydrogen to form water, and thence the amount of hydrogen was calculated. 

This process was a great step in chemical science, and yielded many important 
results ; but it was difficult of execution, requiring great skill on the part of the 
operator ; it was also inexact in the case of nitrogenous bodies, and totally inapplicable 
to liquid or volatile compounds. Berzelius simplified it by mixing the chlorate of 
potassium with common salt, thereby causing the combustion to go on gradually, and 
rendering it possible to introduce the whole of the material at once. He also coUeoted 
and weighed the water produced, and thus greatly simplified the calculation. 

Saussure and Prout burned the organic substance in an atmosphere of oxygen. 
Prout’s apparatus was so contrived that the substance was burnt in a measured volume 
of oxygen, and the volume of tlie gas remaining after combustion was compared with 
the original volume. Now, since the volume of carbonic acid produced by the com- 
biwtion of carbon is equal to that of the oxygon consumed, while that which unites 
with the hydrogen to form water disappears altogether, it follows that if the organic 
substance contains oxygen and hydrogen exactly in the projiortion to form water (ai 
in acetic acid, sugar, &c.), tlie volume of gas remaining after combustion w'ill be equal 
to that of the original oxygen : whereas if the proportion of hydrogen is greater (as in 
alcohol and ether), the volume of gas will be diminished by the combustion; and if 
the proportion of hydrogen is less (as in oxalic acid), the volume of gas will be in- 
cre^ed. Hence, by absorbing the carbonic acid with potash and measuring the 
residual gas, sufficient data were obtained for calculating the quantities of carbon, 
hydrogen, and oxygen. 

The method now universally adopted for the estimation of carbon and hydrogen in 
organic compounds, consists in burning the compound with a loive excess of oxide of 
copper or chromate of lead, and determining the quantities of car^nic acid and water 
produced by the combustion, not by measure but by weight, the water being absorbed 
by chloride of calcium, aud the carbonic acid by potash. The use of oxide of copper 
was first introduced by Gay-Lussac a ml afterwards adopted by Ure ; but it is to Liebig 
that we are indebted for those modifications of the process which have brought it to 
its present state of simplicity and exactness. 

The process, as now performpd, requires the following materials and apparatus. * 

Oxide of — ^I^pared by dissolving copper in nitric acid, evaporating to dry- 

ness, and calcining the residual nitrate in a crucible at a low red heat. As thiia 
prepar^, it is a dense, soft black powder, which rapidly absorbs water from the air 
even before it is quite cold. If, however, it be very strongly heated, it aggregates 
j 1*1 ^bich, when broken into small pieces and sifted froxattie finer 

powder, yield an oxide well adapted for the combustion of volatile liquids. Oxide of. 
copper may also be prepared by igniting copper turnings in a muffle. The oxide thus 
obtamed is much h^er and less hygroscopic than that prepared fipom the nitrate, 
out it 18 not so easily mixed with an organic substance in the state of fine powden 
Oxide of copper must always be heated to fow redness immediately befbre use. 

CMxmtiUe Lead , — Prepared by precipitating a solution of acetate of lead with Li* 
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Fig. 8. 


cliTomate of potaasinm, ftising the washed and dried precipitate in a cracible» and 
nulverising it in an iron mortar ; it is then obtained in the form of a yellow-brown 
Lwder It is but very slightly hygroscopic; but to ensure ite complete dryness, it 
Should be preserved in stoppered bottles and heated over a lamp just before it is used. 

Mi tailic Copper. — Used in the analysis of bodies containing nitrogen, Tlie most 
convenient form is that of fine copper turnings, or thin foil rolled up into a spiral. As 
tlie surface, especially of the turnings, is seldom clean, the metal should first be heated 
in a current of air, to destroy any organic matter adhering to it^ then pressed 
into a combustion-tube, and heated in a current of dry hydrogen gas to reduce the 
oxide previously formed, the heat being continued as long iu3 vapour of water continues 
to be given oiF, and the stream of hydrogen aftexwards kept up till the metal is cold. 
Uv this treatment, the surface becomes covered with finely divided copper, which is 
very hygroscopic and must therefore be strongly heated over a lamp before use. 
Finely divid^ copper reduced by hydrogen from the oxido, is not applicable, being 
found to decompose carbonic acid at a red heat. 

Covihit^iion-tuhts of hard glass . — They must be capable of sustaining a strong red 
heat without melting or oven soltening to such a degree as to be blown out by the 
pressure of the evolved gases. The best are made of the hard Bohemian glass (silicate 
of calcium and potassium), which may now be procured without diflaculty. Glass 
containing lead m utterly unfit for the purpose. When the temperature required for 
a combustion is veiy high, the tube should be protected by wrapping it in copper foil 
or brass wire-gauze, to prevent it from bending if it becomes softened by the neat. 

Tlio length and diameter of tube required vary according to the suMance to be 
bunit. For the combustion of ordinary solids, tubes of half an inch internal diameter, 
and 18 inches long, are well adapted : for solids containing very little carbon, a diameter 
of A of an inch is sufficient : for liquids, it is necessary to use tubes ^ of an inch 
wide and 20 or 30 inches long, the length being greater as the liquid is more volatile. 
The use of tubes of larger dimensions than the particular case requires, is not to be 
rveommended, as it involves waste of oxide of copper and increases the unavoidable 
errors of the operation. 

The tubes, after being thoroughly cleansed and dried, are drawn out into an inclined 
neck, and sealed at one end, 
while the other end is cut as 
evenly as possible with a 
file, and afterwards made 
smooth at the edges by care- 
ful heating in the blowpipe 
flame. The best motlu of 
scaling is to take a tube of 
double the length required, 
soften it in the middle by 

means of a powerful blow- f 

pi|:>e fiame, then draw it out I 

111 the manner shown in fig. 8, . 

and apply the point tlie fiame for an instant at the middle of the ticck n, so" 
as to divide and seal it. By this means, two tubes of the required shape are made 
at once. 

Chloride of calcium The chloride of calcium for absorbing the water gene- 

rated in the combustion, is usually contained in a bulb-tube of the form shown in 
fig- 9. The end a passes through a perforated 

cork fitting into the combustion-tube, and Fig. 9. 

the end b is fitted with a cork and narrow 

glass tube, which is connected with the potash- 

apparatus by means of a flexible tube oi caout- b 

ehouc. Small plugs of cotton-wool are placed 

et c, d, to keep the chloride of calcium in its place. The cork d should be covered 
With waling wax, so that it may not vary in weight by loss or absorption of atmo- 
spheric moisture. 

Another form of this apparatus presenting some advantages is the U-tube (Jig, 10) 
ha^ng atwthe end nearest to the combustion-tube, a smidl teKt-tu1>e, t, which seiwes to 
ooll^ tile greater part of the water, so that the chloride of calcium does not get so 
^®tted, imd may be used several times without renewal. Chloride of calcium 
tub« are sometimes also made in the form of a U-tubo (fig, 1 1), having two bulbs, the one 
at the extremity of the arm of the tube being ffiled with chloride of calcium, and thft 
upper being empty to receive the greater part of the water. This form of tube 
>s more expensive than ti^ last described (Jig. 10), and does not appear to 
advantage over it. 

a2 
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The U-tube must always be used in preference to the straight tube {fig, 
when the combustion is made in a stream of oxygen gas ; because the current of gag 
being then rather strong, is apt to cany the vapour of water ttough the straight 
tube so quickly that a portion of it escapes uncondensed, whereas the U-tabe 
detains it longer, and is more likely to ensure complete absorption* 


10 . 
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The chloride of calcium should be in the spongy state in which it is obtained by 
drying at about 200^ 0. The fused chloride is not so good for the puipoee, because it 
often contains free lime, which absorbs carbonic acid as well as water. 

PotasA-bulds. — The solution of caustic potash 
which absorbs the carbonic acid, is contained in 
a Liebig’s bulb-apparatus (fig. 12), the form of 
which is so contrived as to keep the bubbles of gas 
in contact with the solution for a considerable time, 
without using a long column of liquid. The largo 
bulb a, is connected with the chloride-of-calcium 
tube, the other extremity of the apparatus being 
left open. The solution of potash should have a 
density of about 1*27. If a weaker ley be used, 
the carbonic acid will not be completely absorbed, 
and stronger ley is apt to froth, and in that case 
a portion of it is sure to be forced out at the open 
end of the apparatus, thereby annihilating the re- 
sult of the experiment. To HU tlie bulbs, the potash 
solution is poured into a smaU beaker or crucible, 
and drawn into the apparatus by means of a small 
suction-tube 13), attached to one end by means 
id cork. The quantity of liquid int^uced should be sufficient to nearly 
three lower bulbs, not more : the apparatus thus fiUed weighs &om 40 to 50 
grammes. Before weighing, it must bo carefuUy wiped on the 
outside; and the inside of the tube, by which the liquid has 
entered, must be dried by means of a thin roll of filtering paper. 

Oorh ^, — The connection between the combustion-tube and the 
chloride of calcium tube, is made by a perforated cork. The 
greatest pains should be taken to select for the purpose good 
corks, smooth, and free from flaws. They should be softened by 
beating or hy mvssure. Immediately before the combustion, 
the cork must be thoroughly dried in an air-bath or sand-bath at a temperatoxe a 
little above 100® 0.: too great a heat must be avoided, as it renders the cork brittla . ' 

CdoutcAouo-iubes. — The chloride-of-calcium tube is connected with the potaih- 
l^pparatus by a flexible tube of caoutchouc. These tubes ore easily made by binding a 
piece of sheet-eaoutcbouc over a glass rod or tube of the proper size, and cutting it 
with a single stroke of a pair of scissors. If the edges be then pressed together, a p^ 
tight tube will be made. The connections am made air-tight by tyi^ with 
silk cord. Tubes of vmcanised caoutchouc, which may be purchased ready made^ may 
also be used, and of such a size as to require some force to fit them to the tubM, 
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} apt to get into the chloride of calciam tube and potash-anpsratiii 
CombmHon^/maces , — The combustion-tubes are heated either wi^ charcoal os 
frith coal gas : fbnnerly charcoal was the only fuel employed ; bat gfi-|aziiaces am» 
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nov coming into general use. Fnmaces haye also been constructed for burali^ spiziti 
but the*hi^ price of that material in most countries renders its use vc^ limited. 

The chareoal-fuiliace is made of sheet iron, in ^e form of a trough (jig. 14), 22 to 
24 inches long, and 3 inches high. The bottom is 3 inches wide, wth narrow aper- 
turce about | an inch apart, which form a sort of grate ; the sides of the funiace are 
inclined outwards, and inches apart at top. To support the combustion-tubs^ pieces 
of strong sheet-iron of the form d {Jig. 15), are rivet^ to the bottom of the fhrnace at 


14. 




Fig. 15. 



intcrrals ; they are of exactly equal height,, with their edges ground flat, and correspond 
with the round aperture in front of the furnace a. The flirnace is placed upon flat bneks, 
ao that but little air can enter the mting unless the whole is purposely raised ; the 
draught can thus be regulated at pleasure. Tho heat producea by the charcoal firs 
is veiy regular, and may be raised to any degree required, higher indeed than the 
best combustion-tubes can bear ; on the other hand, the use of cliarcoal as fhel has* 
ninny inconveniences; the operator is exposed to great heat and to the deleterious 
fumes of carbonic oxide, and the ash flies about to such an extent that it is always 
necessary to perform the combustions in a room apart fh>m the general laboratory. 

For these reasons, it has long been considered desirable to use coal-gas as the fhel 
for the combustion process, and several forms of furnace have been contrived for the 
purjxiHe- It is only lately, however, that the problem has received a satisfaetory 
solution, viz. in the gas furnace constructed by Dr. Hofmann, and described by him in 
the Journal of the Chemical Society, vol. xi. p. 30, whence the following details and 
illustrations are taken. 

In using coal-gas as fuel, it is essential that the g^ while burning be mixed with 
nir in suflicient miantity to ensure complete combustion and prevent smoking. This 
is usually eflected \>y inter^iosin^ u sheet of wire gauze between the flame and tho orifices 
from which the gas issues. This contrivance was indeed adopted in a form of fhmace 
f >r organic analysis invented some years ago by Dr. Hofmann, and has also been 
nJoptod by others. Hut aU furnaces thus constructed are very liable to get out of 
orxitT, in consequence of the spce<ly destruction of the wire gauze ; moreover, they 
<lo not afford sufficient heat for many combustions : hence they have not come into 
general use. 


In the new form of gas furnace, the mixing of the gas with air is attained by causing 
it to issue thro^h a number of small orifices placed very close together. For this 
I'urpose, a peculiar form of burner is used, 
called atmopyre {Jig. 10). It consists of a Fig. 16. 
hollow cylinder of burnt clay, closed at top, 
open at bottom, and having numerous per- 
forations in the sides. Those which are 
used for the combustion-flimace, are 3 
inches high, J of an inch in external, and 

2 internal diameter. The perforations, of 
ul)out the thickness of a pin, are made in 
^ws, each (^lindcr having 10 rows of 15 
holes each. From such a clay cylinder 
Jwscly fixed upon an ordinair bars wing 
burner, the stopcock of whidi has been 
properly adjust^ the gas bums with a 
perfectly blue smokeless flame, which en- 
velopes the < 7 linder and soon renders it 
incandescent. 

, The disposition ofthe apparatus is shown 
a'* * brass tube a, from 3 feet to 8 feet 

3 inches long, and 1 inch in diameter (shown in section 

in the figure), whi^ communicates id both ends with 
the gas-main of the laboratory, there 'are screwed from 
24 to 34 tabes b. Theee tabes^ | an inch wide and 
7 inches high, an ptorided with stopcocks and cany 
brackets o e, 4 an inch loiur. 4 of an inch in diameter, 
for the leoeptioa of five ordinary bat's wing burners (each oonamning from 3 4 

Q 3 
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h. Vertical fu pips piofldsa 
with seek, 
c e. Brackett for Imrasia. 
d ddd. Klffa dap bomeia 
s. Low eUj bnraitra. 
f. ComlwHlott tolls. 
go* Wrooghl troo fc o m s. 
Is. Csd Iron niBfatti. 
t i. Cast Iroo fio^laAs. 
ta. aktacorsfo-siw. 
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Cu1)ic feet of gas per hour, fora feU luminous eflfect) upon whi A are fixed » *«*#. 
fipondiiig number of clay burners. These clay^ burnere ddad^ haye the dimensions 
aiioTO stated, excepting the middle one, which is onfy mches high and has 70 ojr 
80 perforations. It serrcs as a support for the combustion-tube / which is thus 
bedded in a channel of heated fire-clay. The system of brackets lying side by side, 
acquires sufficient stability by a strong iron frame gg^ ^ich rests upon two firm 
supports hh, of cast-iron, fastened down by screws upon the foot-plate, if, likewise 
of cast-iron. The iron frame gqy has moreover a groove for the reception of 
moveable side plates of fire-clay k k. They are of the same height as the high 
burners, over which they project about ^ of an inch, in consequence of their resting upon 
the frame g ; lastly, 1 1 are covering plates, likewise of fire-clay, which are supported 
by the side plates kk. 

The whole disposition of this apparatus will be best understood by the perspective 
view given in fig. 18. In tlie front part, contiguous to the potash-apparatus, the side 
plates and the covering plates are omitted, in order to show the disposition of the 
burners. During the combustion, however, all the burners are inclosed, as exhibited 
in the posterior part of the apparatus. 


Fig. 18. 



The efficiency of the furnace depends essentially upon the correct disposition of 
the gas jets. The most appropriate space between the several burners, is about J 
inch. It is very important for the attainment of a perfectly uniform temperature 
that tho several brackets bearing the burners should be equidistant. Their position is 
thoreforo specially secured by every bracket being fixed in an aperture formed in the 
iron frame ^< 7 , 7^. 17. 

According to the length of the combustion-tube, from 8 to 10 stopcocks (under all 
circumstances tho laigest possible number) are opened at once at the commencement 
of a combustion. If care has been taken to regulate the amount of gas, either by 
the stopcocks in the horizontal gas pipe, or by thme in tho separate supply-tubes, Ae 
lighted portion of the furnace will, in 10 or 12 minutes, be in a state of perfect in- 
candescence. After this it is only necessary to open the remainder of the stopcocks, 
in appropriate succession, to insure a slow and regularly progressing combustion. The 
time required for the completion of an analysis varies from 40 minutes to an hour, 
rarely mpre. 

The heat obtained hy this furnace is veiy re^ar ; and since it is convoyed to the 
combustion-tube chiefly hy radiation from the incandescent mass of surrounding clay 
every part of the tube is equally heated. The temperature which it is capable of 
yielding is entirdg at the command of the operator. When strained to its full 
power, It gives a heat equal to that of the strongest charcoal combustion-furnace ; «bni 
by properly adjusting the stopcocks, it may bo kept at any desired temperaturei 
especially since it is only necessary to look into the channel, when, with a little 
practice, a correct idea of tlie temperature is rapidly obained from the colour of 
the glowing cylinders. It deserves, however, to be that the apparatos 

frirnishes rather more heat than is generally required ; it is preferable,* therefore, 
under all circumstances, to protect the combustion-tube by a metallic sMeld ; for this 
purpose ordinary brass wire gauze may be oonveniently employed ; it is more easily 
manipulated, and may be used longer than the thin copper or brass plate generally 
employed. 

One great advantage of this fiirnace is its durability. The day plates and bnrneia 
'show but Httle tendency to split, and the mixture of gas and air is ao perliect thal 
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liolee in flio burners never become stop^ up with wbon. the OMt^ 

e ^^nsomed is very much less than &st of the charMsl required to peodoce the 

«.nifan.ount of heating effect. Dr. Hofmann Woirnd t^t 

r“mbu8tion lasting 1 horn, and ^uinng th^hole le^ 

!lf the furnace (34 rows of burners), consumes from 80 to 90 
cub c feet of gM. For a carbon determination, -tnth 24 ^ 
o? b^nfr^ which generally lasts about 40 minutes, ftom 
fiO to 60 cubic feet are required, and for a nitrogen deter- 
mination 25 to 30 cubic feet. In laboratories where many 
“mSins ato made, the saving of fuel .soon covers the 

original cost of the fUmace. ... *• «. e 

The expense of the apparatus and the consumption of 
018 may be diminished by reducing the number of 
xovis of burners from 5 to 3, as shown in fig. 19. The 
beat given by sueh a furnace is of course not so great as 
that horded by the larger one, but it is sufficient for nearly 
all comliustiona. , . — 

Several other forms of gas furnace for oiganic analysis . . 

have also been proposed. One of these invented by Babo, which is much used m the 
Gt^rman laboratories, is represented in 26, page 235. 

Prepabaticn of the Substance for Analysis. 

Before proceeding to determine the proportion of the elements in an organic 
lumnd it is necessary to ensure that the substance is in a perfectly pure and definite 
frfnte It is but seldom that the processes of ultimate analysis can be advan- 
tii n'ously applied to complex organic mixtures; only indeed when the proTOrtion of 
a '"miikIo element is to bo determined for commercial purposes, as in the valuation of 
articles of food or of mantires by the quantity of nitrogen which they eotitmn. ^ ^ 

In solids, uniformity and regularity of structure, whether crystalline or otherwise, is 

1 many cases the best test of purity : in such cases, er — 

is often of great service. Constancy of melting-point 



in many cases the best teat of purity : m such cases, examination by the microsjMpe 
is often of great service. Constancy of melting-point is also a test of the punty of 
..any substiTuccs. especially of fatty bodiea The purification of solids is generaUy 
Iflctod by rccri’statlisation fi-oin solution, or from the fiised state, or m the case of 
bodies, by sublimation. In liquids, the chief test punty is constancy of 
foiling point-, and purification is efibeted chiefly by fractional distillation. In all cases 



an ( ssontiiil part of the conuiound, as in the salts of organic acids, lU quantity must do 
exactly determined by burning a weighed portion of the comi^und. , ^ - .. 

I'urtluT, it is necessary beiore proceeding to the process of combustion, to free the 
comijound from hygroscopic water. For this purpose, a weighed quantity of the sub- 
stance is heated for some time in a water-bath at 100®, and then weighed again; if it 
has lost weight, it is again heated and a^in weighed : and these operations 
pcated till two successive weighings, between whicli the substanco has been neatco, 
give the same result. The substanco may then be considered d^. ^ ^ 

Bodies which cannot bear a temperature of 100® C. without decoroTOSiUoji, may bo 
dried by placing them over a large dish containing strong sulphuric acid, and covenng 
ihc whole arrangement with a bcU-jar; the desiccaUon is gwatiy accelerated by 
placing the whole apparatus on the plate of the air-pump, and ©Rusting the aw. 

The same methods may be applied to determine the amount of chemically combmed 
water which exists in many compounds, the water of crystallisation of salts, ft>r ex- 
ample. Many bodies, however, retain their water with too mat fo«o to be over- 
come by the means Just mentioned. Such Bubstanc<?s may ^ dehydrated wr enclMing 
them in a test-tube immersed in a water or oil-bnth, while a current of dry air is 
drawn through the tube by means of an aroirator. In some cases ev^ this is not suffi- 
cient, and the desiccation can only be effected by heating the ^substonce in a tu 
from which the air is exhausted by an air-pump, then introd^mg dry air, eauums^ 
iiig again, and so on, till the substance ceases to lose weight. (Bee BTAWwaTioir ana 

It is often, however, difficult to determine how much of the oxygen and hydr^en 
existing in a compound exists in the form of water; for many suhstaacM^ bwcm they 
give off all the water that can be eliminated by the methods above describe^ b^ to 
decompose and form new compounds. In such esM, the proew of ^ 

must be appHed to the compound in the hydrated sto^ and t^ 
estimated as nearly as posslmje by the phemnnena which the snbetance aihibiis ▼ben 
heated, or hr its chemical leaetioiis. 

^ ^ ad 
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Volatile liquids are dehydrated by leaving them for some time in nmtaet widi 
lumps of ftised chloride of calcium and then distilling, the chloride' of caldum beinff 
however previously removed, as it might, when heated, give up some of the wa^ 
which it has absorbed. - . ' 

The substance having been brought to the proper state of purify and diyness, laay 
now be suljected to the combustion process. 

Estimation op Carbon and Htdrogosn. 

In Solids not containing Nitrogen . — The substance being tboTongbly dry and in 
the state of fine powder, about 0*3 grm. (or 6 grains) is weighed out in a small test- 
tube, or between two watch-glasses, the weighing being made enact to Che tenth of a 
milligramme (or *001 of a grain). The vessel ‘ and its contents are weighed together, 
and after the substance has been removed, the vessel, with the small quantity of 
matter adhering to it is again weighed. This weight deducted from the former gives 
the quantity of substance used in the experiment. The combustion-tube after being 
cleanse^ if necesaaiy, is made veiy hot in the sand-bath, and a long glass tube being 
thrust into it, the air is sucked out so as to remove every trace of moisture. 

The combustion may be made either with oxide of copper or with chromate of lead ; 
the latter being the more easily managed, on account of its possessing little or no 
hygroscopic tendencies, we shall describe its use in the first place ; — quantity of the 
chromate (previously fused and pulverised) sufficient to fill the tube, is heated over 
a gas lamp till its colour changes to brown-red. Wlien it has cooled a small quan- 
tify is poured into the tube, sufficient to fill about an inch of its length, and about two- 
thirds of the remainder is poured into a clean dry porcelain mortar. The substance to 
be analysed is then added to it, and the two are carefully mixed by gentle trituration. 
The combustion -tube being then taken in the right hand, and the mortar in the left, 
the mixture is transferred to the tube by a kind of screwing motion, the open end of 
the tube being slightly inclined upwards after each addition, and the tube lightly 
tapped against the side of the mortar to make the mixture descend. When nearly 
the whole of the mixture has been thus introduced, a small quantify of fresh chro- 
mate is poured into the mortar, triturated so as to rinse it, and then transferred to the 
tube in the same manner. The remainder of the tube up to within an inch of the 
end is filled with pure oUromate. The contents of the tube are then shaken together 
by a few gentle taps on the table, so as to leave a free passage throughout for the 
evolved gas. The arrangement of the mixture in the tube is shown in 20, where 

20 . 



n represents the pure chromate, d the mixture, c the rinsings, and d the pure chromate 
near the open end. 

The tube is now laid in the combustion furnace, and the chloride-of-calcium tube 
and potash-bulbs are attached to it in the manner already described, the potash- 
bulbs resting on a folded cloth, and the outer bulb being slightly raised by placing a 
cork under the apparatus at r. FHg. 21, represents the arrangement top biuming 
with charcoal. The disposition of the gas-ftimace is shown in fig. 16, page 226. 


Fig. 21. 



Sefbre commmciiig the combustion, the apporatiis must be carefhlly to 

cfQsure its tightness. For this purpose, a hot coal is held fiir a short time near the 
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inner bulb (w) of the potob ^paratus, bo as to rarefy the air and cause a few bubbles 
to paBH through the liquid. The coal is then withdrawn, and the apparatus left to 
itself for about ten n^utes. If all the joints are air-tight, the liquid will now rise 
in the bulb m to a higher level than in the outer bulb, and will retain its position ; 
but if any leak occurs, it will soon &11 down to its original level. Should th& he the 
rase, the leakage is most probably in the cork which lits into the combustion-tuhe, or 
in the caoutchouc connector. To remedy this inconvenience without delay, it is well 
to be provided with two or three well dried perforated corks and a good stock of 
caoutchouc connectors. 

The tightness of the apparatus having been established, the beat may now be 
applied. The anterior portion of the tube containing the pure chromate is first 
lieated to redness, by laying red-hot charcoal round it (or turning on the gas jets im- 
mediately under it). The charcoal furnace is provided with a moveable screen 
(fii). 21), to prevent the heat from extending too quickly along the tube. When the 
anterior portion is thoroughly red-hot, the pure chromate of load at the closed end of 
the tube must also bo heated to redness, in order to bum any vapour that may difihse 
into tliat part of the tube, and to prevent its deposition on tiie drawn out pointy 
whence it would afterwards be difficidt to remove (this precaution must be taken in 
every combustion, by whatever process^. The fire is slowly extended towards the fur* 
ther extremity, each portion of the mixture being thoroughly burnt before the fire is 
extended further. The combustion should be so regulated that the carbonic acid may 
enter the potash-bulbs at a uniform rate, and in a succession of bubbles which may be 
easily counted. If no nitrogen is present, these bubbles are, after a certain time, 
eoinpletoly absorbed by the potash; but when an azotised body is burnt, bubbles of 
nitrogen pass through the potash-solution during the whole process. 

Wlien the tube has been heated to redness throughout, the heat must be raised by 
funning the fire on the top, and admitting air Mow by slightly raising the furnace from 
tlie bricks. As soon as the evolution of gas begins to slacken, the cork is removed 
i'rum under the potash-bull>s, and the apparatus brought into the horizontal position. 
It' tile combustion has gone on well, the evolutioii of carbonic acid ceases all at once; 
if, on the contniry, the gas bubbles continue to pass slowly at intervals for a long.timo 
after the tube has been thoroughly ignited, wo may be sure that the combustion is 
imperfect, most probably in consequence of the mixture not having been sufficiently 
intimate, and that the quantity of carbon will bo found deficient. 

Ah soon as the evolution of gas cedses, the liquid begins to riso in the btilb 
The coala rnimt then be quickly removed from the end of the tube, and the point 
broken off with a pair of nippers. If the passage through the tube is clear; the potash- 
si dut ion immediately fulls to the same level in both bulbs: if it does not, there is a 
stoppage in the tube, and no time must be lost in clearing it, by thrusting in a stout 
inm wire from end to end; otherwise the potash-solution will bo sucked up into the 
cliloride of calcium tube, and the result will be entirely destroyed. To complete the 
experiment, it is now only necessary to draw a stream of air through the apparatus, by 
applying the suction-tube (Jiff. 13) to the extremity jp, of the potaw apparatus, so as to 
driiw' the small portions of carbonic acid and aqueous vapour remaining in the tube 
into the chloride of calcium tube and potash-bulbs. In doing this, however, a certain 
precaution is necessary ; for the broken end of the tube being surrounded with an 
atmosphere of carbonic acid, a portion of this gas as likely to be drawn through the 
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the combustion-tube, and supported in a slanting position, as in 22, while the air 
is being drawn through the apparatus. By this means, the air is drawn ftom a hdeht 
above the stratum of carbonic acid over the fiimace. When the ihniace is 
this precaution is of course superfluous, as the flame can be extinguished at once.^^ 
Lastly, the chloride-of-calcium tube and the potash-bulbs are detached, left to cool 
for about half an hour, and then weighed. The increase of weight of the potash-bolha 
gives the quantity of carbonic acid produced, and -A of this is the quantity of carbon 
in the substance analysed. The increase of weight of the chioride-of-cidcium tube 
^ives the quantity of water produced, and i of this is the amount of hydrogen. Know- 
Sig then the quantities of carbon and hydrogen in a given quantity of the substance 
analysed, it is easy to calculate the proportions of carbon and hydrogen in 100 parts. 
If the quantities thus determined make up 100, the substance is a hydrocarbon ; if 
there is a deficiency, and it is known that no nitrogen, sulphur, chlorine &c, is present, 
the difference gives the percentage of oxygen. I^mples of the calculation will be 
given further on. 

Combustion with Oxide of Copper. — When the combustion is made with oxide of 
copper instead of chromate of lead, particular precautions are required to prevent the 
absorption of water during the mixing and filling of the tube. A quantity of the 
oxide is heated to redness in a covered earthen crucible, and left to cool till it will 
no longer bum a cloth in which the crucible is held. It is then mixed in a hot mortar 
with the substance to bo analysed, and the mixture is arranged in the tube between 
two columns of pure oxide of copper, exactly as described for chromate of lead, the 
wfiole operation being conducted us quickly as possible. Some substances, however, 
will not bear mixing with hot oxide of copper; and even when this can be clone, the 
oxide is sure to cool during the mixing sufficiently to cause an absorption of moisture 
from the air : hence an excess of hydrogen in the result of the analysis. To obviate 
this 8our<?o of error, it is sometimes recommended to lay the tube, after filling, in a 
trough of hot sand, iind connect it with an air-pump, then introduce air dried by pass- 
ing over chloride of calcium, exhaust again, and so on. This, however, is a trouble- 
some complication of the process. A simpler method of preventing the absorption of 


Fig. 23. 



. water, is to pour the oxide of copper, while still hot, into a long-neckcd flask {fg. 23), 
closed by a perforated cork in which a chloride-of-calcium tube is inserted, leave 
it to cool, and mix it with the organic substance in the combustion-tube itself. 
The neck of the flask must bo a little wider than the combustion-tube, so that 
Uie latter will just pass into it {Jig. 24): the oxide may then be transferred to the 
tuM without com 11^ in contiict with the air, A small quantity of the cooled oxide 
IS first introducod in this manner, then a portion of the organic substance is added, 
and upon tins a column of oxide about three inches long is poured in the same 
manner ^ before. This portion of oxide is mixed with the organic substance by 
stirring it with a clean iron rod {fig. 25), the extremity of which is bent into two 
turns of a screw ; and when it is thoroughly incorporated, the rest of the substance is 
introduced, then another column of oxide of the same length as before, and the stirring 
IB repeat^ lastly, the rest of the tube is filled with pure oxide, and the combustion 
perform^ as i^ve. This method of incorporation does not ensure so complete a mix- 
ture of the substance with the oxide as trituration in a mortar: but it answers 
purpose sufilcicntly well in most cases. 

Oude copper is in many respects more convenient for use than chromate of lead, 
Md indeed is more generally used for the combustion of substances which bum with 
facility. It IS more easily prepart^, and when partially reduced by the combustion 
process, may bo restored to its origiiiiil state by moistening it with nitric acid, an^ 
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heating it to low rednesfl in a crucible. It then becomes denser and less h 7 gioso(^ie^ 
and in every way bettor adapted for use : in fact, it improves in this ieiq[)eet by each 
repetition of the treatment. Chromate of lead may also be reoxidised by digestion 
with nitric add and subsequent fusion; but the pulverisation of the ihsed mass is a 
vfiy laljorioufl operation. 

On the other hand, there are many cases in which the use of chromate of lead 
pivsents decided advantages, vis. in the combustion of substances which are very rieh 
111 carbon or difficult to burn, such as fatty bodies, coal, graphite, indigo, Such 
lilies are never completely burned by oxide of copper, probably because, at the begin- 
ning of the combustion, they give off combustible gases, which partially reduce the 
copper in the neighbourhood of each particle, and leave behind a quantity of charcoal 
no longer in contact with the oxide, and requiring an atmosphere of me oxygen to 
burn it. Now chromate of lead fuses when the beat becomes strong, thus becoming 
more intimately mixed with the combustible substance, and moreover gives off a 
quantity of free oxygen, which effectually completes the combustion of the carbon. 
Us efficiency may still further increas^ by mixing it with about ^ of its weight 
of acid chromate of potassium. 

Organic salts (tartrates, acetates, &c.) of potassium, sodium, barium, strontium, or 
calcium, if burnt with oxide of copper, also exhibit a considerable deficiency of carbon, 
because the metal then remains in the form of a carbonate. This source of error may 
V)i* obviafeil by adding to tlio oxide of copper a quantity of phosphate of copper or 
oxide of antimony sufficient to decompose the carbonate ; or, better, by making the 
combustion with ^roraate of lead. 

Cambifstion vnth Oxide of Copper in a stream of Oxygen, — Tlie oxygen may either 
be evolved from chlorate of potassium placed in the combustion-tube, or in a vessel 
( onncctod with it ; or it may be previously prepared and supplied from a gas-holder 
coiincctcd with the tube. ^ 

The simplest way of jiroceeding is to place at the closed end of the combustion -tube 
about 11 inch of a mixture of 1 pt, of chlorate of potassium (or V)ctter of perchlorate) 
and 8 p*ts, oxide of copper, previously boated over a lamp and introduced while hot ; 
t!icn half an inch of pure oxide of copper, then the nnxturc, and a column of pure 
oxi<b> as usual. The combustion is carried on in the ordinary manner, until thh tube 
is igtiiteil as far as the pure oxide near the sealed end. Heat is then cautiously applied 
to the mixt*Are of oxide and chlorate, so as to evolve oxygen at a moderate rate. 
'I'ho carbon is thereby completely burned, and if tho supply of oxygen is sufficient, 
the reduced copper is reoxidised. After the gas has passod through the potash-solu- 
tion for a few minutes without being perceptibly absorbed, the bullis and tne cbloride- 
of-cal<!iu!Ti tube may be detached, without breaking off the point of the combustion- tube, 
and air drawn through them to displace tho free oxygen, which would otherwise in- 
cri'asc their weight. 

'riic stream of warm oxygen passing through tho potash-solution is sure to cany 
away a certain quantity of vapour of water. To prevent this, a small tube containing 
lumps of fused potash should be attached to trio bulb apparatus. The apparatus 
witli this addition usually weighs between 60 and 60 grammes. 

In operating in tho manner above described, there is, howi'ver, considerable danger 
of the stream of oxygen becoming too rapid, and thcreliy carrying off the vapour faster 
Ilia II it can be absorbed by the solid potash. 

It is better, therefore, to supply tno oxygen from a gas-holder. Tho combustion- 



tul»e is open it both ends, and the end «, ftirthcstfrom the potash-bulbs and 
of-caldniii tube is conned^ with two gas-holders {fig* on© filled withatiiiOfplMno 
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air, Hnd the other Tidth oxygen gas. The communication is made by means of • 
T-tube provided with a coc^ which rendere it easy to connect either gas-holder with 
the combustion-tube and shut off the other at the same time. The air and oxygen 
nefore entering the combustion-tube, are nmde to. pass through two U-tubes, one con- 
taining pumice-stone soaked in sulphuric acid, to diy the gas, the other lumps of caustic 
potash, to free it from carbonic acid. The combustion-tube may be heated either 

with gas or with charcoal (the figure represents a 

r tgy, 2 7. Babo’s gas apparatus), and the«mixture may be disposed 

in the tube in the orainaiy way. But instead of mix- 

ing the substance with the oxide of copper, it is better 

in many cases to place it by itself in a i^all boat of 

platinum or porcelain b {Jig. 27). 

The combustion-tube is first filled to two-thirds of its length with oxide of copper, 
which need not be previously ignited, the remaining third, nearest to the gas-holder 
being left free to receive the boat. It is then laid in the furnace, and connected, in 
the manner just described, with the gas-holder containing atmospheric air; the oxide 
of copper is heated to redness ; and a stream of diy air is passed tlirough the tube so 
as to remove every trace of moisture. The tube is then left to cool ; the boat con- 
taining the substance is put into its place, a plug of recently ignited asbestos having 
been previously introduced to prevent the oxide of copper from coming in contact with 
it; the chloride- of-calcium tube (U-sbaped, see p. 228) and potash-bulbs are attached 
the usual manner, and the apparatus is connected with the gas-holder containing oxyg^ 
The oxide of copper is now once more heated to redness, and as soon as it is thoroughly 
ignited, heat is veiy cautiously applied to the part of the tube containing the boat, a 
slow stream of oxygon being passed through the apparatus, sufficient to prevent any 
backward passage of the evolved gases, but not to cause any free oxygen to pass through 
'it the solution of potash. If the oxide of copper exhibits a red colour, arising from 
redaction, the heating of the substance in the boat must be discontinued till the copper 
is reoxidisedi When at length there is nothing left of the substance but black char- 
coal, the heat may be increased and the stream of oxygen accelerated. In this manner 
the combustion is soon completed ; and when the bubbles of gas appear to pass through 
the potash without absorption, the process is continued in the same manner for a 
few minutes longer, and the potash-bulbs and chloride-of-culcium tube are then de- 
tached, after air has been passed through the apparatus for a little while to expel the 
-oxygen. Lastly, the stream of air is continued for a sufficient time to effect the com- 
plete rcoxidation of Hie copper, which is then ready for another experiment without 
further prcpai*ation. 

After the tube has cooled, the boat is taken out and reweighed. If any inorganic 
matter x’emains in it, the quantity of this is at once ascertained if the weight of the 
boat itself is previously known. 

This irietliod, when carefully conducted, gives very exact results : it ensures the 
complete combustion of the carbon, and obviates all danger of an excess of hydrogen 
arising from moisture in the oxide of copper. It likewise saves the trouble of ignilni^ 
the oxide of copper before the experiment, and aftexw&rds treating it with nitrm aeiA- 
But to ensure a good result, especial care must be taken not to heat the subj^tance in 
the boat too suddenly ; otherwise combustible gases will Se given off more quickly 
than they can be humt^ and the analysis will be worthless. 

bustion of Liquids . — Volatile liquids are enclosed in small glass bulbs with 
necks {jig. 28). The bulb is first weighed and then filled with the liquid, in 
the same manner as a thermometer tube, viz. by gently wanning the 
bulb so as to rarefy the air, and dipping the neck into the liquid, so that 
as the air cools, a small quantity oi the liquid mi^ be fiorced up by ex- 
ternal pressure. The bulb is then again heated till the liquid boils, the 
end of the neck immediately plunged again into the liquid, and the heat 
removed The vapour now condenses and leaves a vacuum, into whicji 
the liquid is forced up so as to fill the bulb and the greater _pait of the 
neck. The neck is then sealed, and the bulb re-weighed. Ix is best to 
use two bulbs, each containing about 400 milligrammes of liquid. 

The analysis is made with oxide of copper: the coarse-grained variety 
l>y oxidising copper turnings in a muffie, or by breaking oxide 
which has been h^en^ by strong ignition into small JMlaps, and nftiiig 
^ tlie finer particles, is best adapted for the purpose, because it affords 
s^mce for the passage of the vapours, whereas the fine-grained 
oxide hes more compactly, and the greater part <xf the vapour Tmrwmff * 
over the surface instead of finding its way between the^Bortiries. For 
loasoD, chromate of lead, which fuses into a m as**, is not so ilfell fins 
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the eemlwifition of Tolat^e liquids. The oxide of copper Bnutt he ignited in' a emeihle 
and left to cool completely in a corked flask (p. 234). 

combustion-tube shonld be at least 20 inches long, yeiy volatile Hqnida 
requiring even a greater length. About an inch of the cold oxide is tot poured in 
through a wide-necked funnel ; one of the bulbs is then taken by the neck, a slight 
scratch having been previously made on it with a file ; it is thrust into the tube, bulb 
downwards, the neck broken off at the scratch, and both bulb and neck dropt into the 
tube. About three inches more oxide is then added, the other bulb introduced in the 
same manner, and the tube filled np with oxide of copper. This oxide is first heated 
to redness, care being taken to proceed very gradually, and when the charcoal furnace 
is used, to protect the bulbs by a screen. As soon as the oxide is well ignited, a hot 
coal is approached to the nearest bulb, so as to volatilise a portion of the liquid, 
especial care being taken not to drive it over too fast When the first bulb is empty, 
the heat is gradt^y extended ; the liquid in the second bulb is then distilled in the 
same manner, and the combustion is finished in the ordinary way. As soon as the 
distillation of the liquid commences, a few pieces of hot charcoal must be placed under 
the point of the combustion-tube, to prevent the liquid from condensing there, as if 
this occurs, considerable heat will be required to aislodge the liquid, and a sudden 
hurst of vapour is likely to take place. 

The object of using two bulbs is to prevent too great a reduction of copper in the 
^Uzhbourhood of cither of them ; when there is no longer any oxide close to the bulbs, 
H^eposition of carbon is apt to take place, and then a stream of air or oxygen is 
^<xjuired to burn it. Grcville Williams, however, uses only one bulb, and drives all 
the liquid, at the very commencement of the analysis, into a column of cold oxide of 
copper about four inches long. This portion is not directly heated till the end of the 
analysis, the liquid being volatilised by the heat conducted by the oxide. Finally, a ^ 
Bt ream of oxygen is passed through the tube to bum the deposited charcoal. Volatile - 
liquids cannot be burned in a continuous stream of oxygeli, because an explosive mix- 
ture would be formed. . • 

V For extremely volatile liquids, like aldehyde, a different plan is aHojiteid. Such 
liquids are enclosed in a bulb having the 
■previously sealed, is Inserted into the 
hinder extremity of the combustion-tul^, 
which is drawn out and left open for the 
purpose, the connection being made air- 
tight by means of a caoutchouc tube. As 
soon :is the oxide of copper is ignited, the 
sealed end of the retort is broken off by 
pressing it i^inst the combustion-tube, 
and the liquid is volatilised by cautiously 

applying the heat of the hand or of tepid water to the bulb. If the liquid is so volatiio 
as to boil at the temperature of the room, the bulb must be immersed in ice, and the 
evaporation regulated by removing the ice from time to time, and refilacing it as soon 
as the liquid begins to boil. 

F ixed oils are weighed in a short test-tube, which is then dropped into the com- 
Dustion-tube, — a small quantity of oxide of copper having been first introduced,— and 
by inclining the tube, the oil is made to spread itself over the sides for about half the 
Icn^h, alter which the tube is filled up with oxide of copper or chromate of leail. 
boftj cMily fusible fats are treated in the same manner. Waxy bodies are weigh6<l in 
^all lum^s, then dropped into the combustion-tube, and spread over its surface by 
and waxy bodies may also be placed in boats in the manner already 
described (p, 233), and burnt with ctomate of lead, or with oxide of copper in a stream 
of oxygen. 


form of a small retort, the nock of which, 
Fiff, 29. 



^odijieation of the Combustiof^rocess in particular Cases: 

^ In bodies containing JSitrogen , — an azotised organic body is bumt^ the 
the nitrogen is given off in the free stat^ together with the water 
«sJd; but 8 certain portion, varying according to the nature of the 
sutetanoe and the manner in which the combustion takes place, is converted into nitric 
P“o of the higher oxides of nitrogen. Now, if either of these eompoiuds is 
lormM m the proeess of organic analysis, it will pass over with the carbonic acid, and 
« not decomposed before it readies the potash-1^, it will be absorbed by that liquid 
ana give hm tc in error in the estiination of the carbon. Before, therefore, an organic 
^mpound is sutjjected to the combustion process, it must he carefoUj examined foe 
“Imogen m the numner already described (p. 226), and if that dement is found to be 
P[eeent; to conihstion must be made in such a manner as to emnire tot to udulf 
ft ehafl be evolved in to free state. 
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For this pnrpoae a long combustion-tu'be is taken, and afItOT the ndztiae and t6^ 
pure oxide of copper hare been introduced in the t)rdinary way, about live inches of 
copper-turnings, prepared as described at p. 227, are placed at the open extrendtv 
This metallic copper must be heated in a sand or air-bath just before it is waatiS 
and introduced into the tube while still hot, aa its surface is veiy hygroseopic. 
The combustion is made in the ordinaiy way, the metallic copper being however 
heated to redness, and kept in a state of strong ignition during the whole process. 
The nitrogen is then evolved in the state, and passes through the potash-ley in 

bubbles. .... i 

The combustion must be made with oxide of copper alone : if chromate of lead is 
used, or a continuous stream of oxygen passed through the tube, the quantity of nitric 
oxide formed is too large to be elfectually decomposed, even by a veiy long column of 
red-hot copper. Oxygen may, however, be passed through the tube at the end of the 
combustion, being evolved for that purpose from chlorate of potassium (p. 235). The 
more slowly the combustion is conducted, the smaller will be the quantity of nitric 
oxide formed. 

/8. In bodies containing Su7j)kur, — ^When organic bodies containing sulphur are 
burned with oxide of copper, the sulphur is converted into sulphurous acid, which, if 
not intercepted, will pass into tlie potash-solution together with the carbonic acid. 
This may bo prevented, by interposing between the cliloride-of-calcium and potash- 
apparatus, a tube containing peroxide of lead : the sulphur will then be retained in 
tlie form of sulphate of lead. It is better however to make the combustion witii 
chromate of lead, placing in the front part of the tube a rather long column of pure 
chromate, which is heated only to dull redness : the sulphur will then be retained in the 
combustion-tube. 

y. In bodies containina Chlorine , — ^Wlien chlorinated organic compounds arc burnt 
with oxide of copper, chloride of copper is formed, which being volatile, passes over 
into the chloride of calcium tube, and renders the determination of the hydrogen 
inexact. This source of error may be completely avoided by burning witli chromate 
of lead, the chlorine then fbrming cliloride of lead, which is not volatile even at a red 
heat. 

Similarly with bodies containing bromine and iodine, 

9, In bodies containing Inorganic Matter,— \i an organic body, when burnt in the 
air, loaves a residue which gives off carbonic acid on being treated with acids, its 
analysis by combustion with oxide of copper will not give exact results, because a part 
of the carbonic acid will be retained in the ash, instead of passing into the potash-bulbs. 
This is particularly the case with the organic salts of potassium, sodium, barium, 
strontium, and calcium. If the residue were in all cases a neutral carbonate, its 
quantity might be determined and the amount of carbonic acid contained in it added 
to that which is absorbed in the potash apparatus. Hut this is not the case, tho 
composition of the residue being variable, and depending on a variety of circumstances. 

In such cases, the complete evolution of carbonic acid may be ensured in two ways : 
either by burning with oxide of copper, and mixing the organic substances with ignited 
phosphate of copper, boric anhydride, or oxide of antimony ; or better, by burning with 
chromate of lead, the alkaline carbonate being then completely decomposed by the 
chromic acid. — When these organic salts are burnt in a platinum boat, in a stream of 
oxygen^ (p. 231), tho residue may be weighed, the quantity of carbonic acid in it 
determined in the ordinary way, and added to that absorbed by the potash. 


^Amount of Error in the Estimation of Carbon and Hydrogen , — By the 
methods above described, the carbon may be determined within 0*2 per cent. The 
error is ^nerally in defect in consequence of imperfect combustion ; sometimes, how- 
ever, it is in excess, especially in azotised bodies. 

The^ hydrogen may be determined yet more nearly, viz. within 0*1 per cent Tho 
error is usually in excesSj arising from absorption of water from the air during the 
mixing of the substance with oxide of copper. But if this be avoided, by making the 
mixture in the tube itself, or if the combustion be made with c^mate of lead, only 
a very slight excess of hydrogen need be apprehended. When the sulratance is burnt 
in the platinum boat (p. 231), the hydrogen sometimes comes out a little below the 
theoretical quantity. 

Estixation of OxYom 

is usuady estimated by difference, after all the other elements of the com- 
pound have been determined directly. In oompounds containing only carbon, hydro- 
gen, and oxygen, this method is sufficientlv accurate : for, the error of the carbon 
generally in defect, and that of the hydrogen in excess, tho two nearly compensate 
each other ; but when chlorine, sulphur, and other elements are presenti the errom 
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upon all then being nsunUy in the same direction, Ti& in defbot^ the emo^t of onoen 
d^nnined by difference is likely to be much too great. A good method of deteminuig 
oxygen directly is therefore a desideratum, more especially as it would afford a oheS 
on the estimation of the other elements. 

it method of effecting this determination has been given by Baumhauer (Ann. 
Ch, Pharm, xc. 228), and applied in one or two cases. A combustion*tttbe open at 
l)Oth cuds is fitted up in the ordinary way for the determination of carbon and hydro- 
iren, and the two en^ of the apparatus are placed in connection with graduated glass 
tubes, the one at the hinder extremity of the combustion-tube being filled with oxygen, 
m that, when the combustion is finished, a stream of oxygen may be passed through 
the tube and re-oxidise the reduced copper. The apparatus is then left to cool, the 
quantity of gas in the two tubes is road off, and compared with the quantity before the 
experiment, due regard being paid to corrections for temperature and pressure. The 
differonce gives the quantity of oxygen taken up by the reduced copper. Now, tho 
quantities of carbonic acid and water produced by the combustion having been 
dotertnined, tfie amount of oxygen in this carbonic acid and water ^ diminished by the 
quaidity of oxygen which has disappearedf gives the quantity of oxygen contained in 
the substance analysed: thus, if tho amount of oxygen in the carbonic acid and water 
were 10, and the quantity of oxygen absorbed by the copper were 2, the amount of 
oxygen contained in the substance would be 3. 

jlaumbauer gives two analyses (of oxalic acid and oxalate of lead), in which the 
oxygen was determined by this method with great exactness. As, however, the total 
volume of gas in the apparatus (the combustion-tube, potash-bulbs, &c.) is not known, 
l)\it only the difference of volume before and after tlio experiment, the corrections for 
pressure and temperature cannot be made with accuracy. For exact results, it is 
therefore necessary that the pressure and temperature at the beginning and end of the 
experiment should be nearly the same. 

Estimation of Nituogbn. 

The quantity of nitrogen in an organic compound is determined, either by burning 
the comix)niid with oxide of copper and metallic copper in the manner already describtHl, 
and mesisuring the quantity of nitrogen evolved, — or by igniting the compound with 
soda-lime, w’hereby the nitrogen is evolved in the form of ammonia, al>sorbmg the 
uiunionia by hydrochloric acid and precipitating by dichloride of platinum. 

Wlien tlie nitrogen is evolved in the free state, it maybe estimated in two ways, vis. 
eomparcfively^ that is, by comparison vrith tho quantity of carbon in the com])Ound, 
previously determined; or absolutely, that is, by direct measurement of the whole 
quantity evolved, 

Liebig's Comparative method. — A mixture of the substance (which need not be 
wpighed), with the usual proportion of oxide of copper, is introduced into a combustion- 
tube of such a length an to half filled by it, the remainder of the tube being filled 


Fig, 30. 



wp, half with oxide of copper, half with copper tuminge. To the mouth of the 
combustion-tube is fitted a gas-delivery tube, which passes into a trough of mercury 
and is made fienble by tho insertion of a tube of caoutchouc. 

A screen being plac^ between the mixture and the pure oxide of copper, the oxide 
and the metallic copper are first nused to a strong red heat; a second screen is tlien 
the back pert of the tube, about an inch from the scaled end, and the portion 
mixture at that end is ignited, so thst the products of the combustion may drive 
the atmospheric air out of the tube. The combustion of the rest of tho mixture is 
then carrfM no in the ordinaiy way, the heat being gradually extended towards the 
hinder part of the tube, and Che mixture of caibonic acid and nitrogen evolved is 
collected in a number of graduated jars, half an inch in diameter, and twelve or 
thirteen inches long. These jars must be accurately divided into equal parts of the 
same value in all ; but the absolute value of the divisions m^ be any whatever, 

As soon as one of the tabes is about three-fourths filled wiu gas, it should be lifted 
op and the test Of the mercury allowed to run out, so that its place may be sapplled 
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with air. The olgect orthie is to aacertainVhet&er the jm isiltee Am 

niteic oxide ; if only pt of that gaa is preset, red^h fhmes of jHWxi^ 



muse oe cijtujujcv* XX* — , wxuuness » 

obtained. When about six jars have been filled with the gaseous mixture, the pmcesa 
may be stopped, nothing being gained by cajiying it to the end. 

The jars filled with gas are now to be transferred one by one to a tall jar (^. an 
containing mercury, and the proportion of carbonic acid and nitro- 
F/o 31 determined, by first bringing the nielcuiy to 

* the same level inside and out, ana reading off the volume of the 
gaseous mixtu^ then absorbing the carbonic acid by a strong 
solution of caustic potash, introduced by means of the curved 
pipette A, and reading off the volume of nitrogen left. If the 
combustion has been properly conducted, tlie proportion of car- 
bonic acid and nitrogen should be the same in all the jars. 

Now, a molecule of anhydrous carbonic acid CO*, containing 1 atom 
of carbon [ « 12], occupies the same volume as a molecule (or double 
atom) of nitrogen, NN [2 . 14 = 28]. If therefore, the volumes of 
carbonic acid and nitrogen in the gaseous mixture are to one 
another as wi : 1, it follows that the number of carbon-atoms is 
to the number of nitrogen-atoms as : 2, and consequentiy the 
weight of the carbon in the compound is to that of the nitrogen os 
m X 12 : 2 X 14, or as 3 m ; 7 ; so that, if the percentage of 
carbon (c) be previously found, the percentage of nitrogen (n) will be 
given by the equation : ^ 

« = ^ — c. 

3 m 

For example, caffeine, which contains 49*48 per cent, of carbon, is 
found by the process just described to yield carbonic acid and 
nitrogen in the proportion by volume of 4 ; 1 ; the percentage of 
• « 7 

nitrogen in caffeine is therefore j 49*48 28'89» 

This comparative method of estimation yields perfectly satisfactory results for all 
compounds in which the proportion of nitrogen to carbon is not less than 1 : 8, pro- 
vided the combustion is conducted in such a manner as to avoid the evolution of nitric 
oxide. The risk of error from this source is less, the Tmre intimately the organic suh~ 
staTice is mixed with the oxide of copper^ and the more slowly the combustion is per- 
formed, This rule applies to all combustions of azotised bodies. 

Liebig's comparative method has been variously modified by different chemists. 
Bunsen has contrived a form of apparatus by which it may be carried out with 
accuracy, even when the proportion of nitrogen is very smdl, and with not more 
than a few centigrammes of substance. This method consists in burning the sul> 
Fia 32 oxide of copper and metallic copper in a sealed tube filled 

* with hydrogen, and analysing the resulting mixture of carbonic acid and 
nitrogen in a carefully graduated eudiometer. 

A tube of thick Bohemian glass, about 15 inches long, and { of an 
I inch internal diameter, is drawn out at one end in the mrm of a cone, 
ns shown at a {fig, 32), and the part a is then heated in the blowpipe 
flame till it is contracted and the glass very much thickened. A mix- 
ture of 3 to 5 centigrammes of the organic substance, with 5 ajnna. of 
oxide of copper, is now introduced into the tube, together with a few 
copper turnings, and the other end of the tube is drawn out and thickened 
in the same manner as the first. The tube is then connected at one end 
with a hydrogen-apparatus, fig. 33 (a being the generating vessel, .and 
D a receiver containing ^phuric acid to dry the gas), and at the other 
with an exhausting syringe. The hydrogen, after passing throng the 
tube, escapes by the cock p. 

As soon as all the air is expelled, the cock p is closed, the cork of the 
generating vessel loosened, the caoutchouc tube c tightly tied, the tube 
partii^y exhausted by a stroke of the pump, and the cock s immediately closed. The 
tube is now sealed at d and b with the blowpipe flame, the sealing being much facilitated 
by ^6 partial exhaustion. The next step of the process is to heat the tube to redneaB^ 
having first enclosed it in a mould of gypsum, to prev en t it from being blown out by 
'the expansion of the enclosed gases. For this purpose^ the two balsas of a qylin** 
drical mould of iron plate, shown in fig. 34, are £led with gypsum pasta 
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inth a fetr cow-haixBi and as soon as the (faster begind to set, the tnbe is kid 
^ one half of the mould, the other half put on, and the two firmly wedged 
LMrether. The apparatus is then heated to low redness fbjr an hour, the tube tahen 
o^when quite and one of the sealed ends broken off under a graduated jar fiiU 



of mcreurj', so that the mixture of carbonic acid and nitrogen in the tube may pass wp 
to the top of the jar. The gaseous mixture is moistenod by passing up a drop of 
water, then accurately measured, with due rejpird^ to corrections for pr^sure and 
t<*m|n‘ruture, and afterwards freed from carbonic acid by thrusting up into it a ball of 


Fiff. 34. 



ftiwH^ potash, fixed at the end of an iron wire (see Analtos op Gasbs), the ball lising 
hrut moistened by breathing on it. This ball is then withdrawn, and another ball of 
dry |x>tash introduced for the purpose of diying the gas, after which the raidoal 
nit rogen is measured. The proportion of carbon and nitrogen is then calculated m ths 
manner already described. . ft 

Gther modifications of Iiiebig*B method have been introduced by Ur, maxwell 
'Simpson (Chem. Soc. Qu. J. vi. 290), by Marehand (J, pr. Chem. xh 177) and 
hy Gottlieb (Ann. Ch. Phaim IxxxviiL 241). 

Absolute method , — ^The organic compound is burnt with oxide of copper, as 
and tlie whole quantity of carbonic acid and nitrogen collected. In the form originally 
to this process by Liebig, the carbonic acid and nitrogen were collected in a 
p^dusted jar, containing air and standing over mercury, the ^pts-delivcry tuba totip 
b^nt fio as to pass up through tiie mercury into the air in the jar. The volume of aif 
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WBB 4 sareftdly noted before the experiment, also the Toinme eiz and gaa nhcn ^ 
combustion was finished and the apparatus had been left to cool, tho ohamtA v<fiTaii«s 
being in each case reduced to the standa^ pressure and temperature; the increase 
gare the volume of carbonic acid and nitrogen produced the cembastion. The 
volume of carbonic acid was then calculated fronf a previous determination of the 
carbon, and this, deducted from the volume of the mixed gases, gave the quantity of 
nitrogen by volume, from which the weight was calculated. For examj^e, 0*1 grm. 
cafifeine burnt in this manner yields 114*06 cub. cent, of gas at 0^ C. and 26" bar. 
The same quantity burnt in the ordinary way yields 0*1 SI grm. carbonic acid, cor- 
responding to 91*09 cub. cent, at 0^ C. and 28 inches of the barometer: consequently 01 
grm. cafieine yields 114*06 — 91*09 = 22*85 cub. cent, nitrogen gas =» 28*86 per cent, by 
weight. 

The process in this form is liable to numerous sources of error. In the first place, 
the necessaiy limits to the the size of ^ jars standing over mercury, restricts the 
quantity of substance burnt to 1 or 2 decigrammes; and with this small quantity the 
errors of observation and manipulation bear too great a proportion to the whole to give 
-even a good approximation to the truth, unless the proportion of nitrogen is rather 
large. Very considerable errors may arise from the alteration in the dimensions of 
the tube, likely to result from softening by heat, and from the consumption of a 
portion of the oxygen of the air in the tube during the combustion. (For the detaiU 
of theprocesst see llandworterbuch d. Chemict 2** Aufl. i. 873.) 

To remove these sources of error, the process has been modified by Dumas and 
others, so as to make the result independent of the volume of air in the .apparatus. 
This is effected by replacing the air by another gas, which can afterward be removed 
by absorption, and sometimes also by exhausting with the air-pump. 

In Dumas’s process, the air is removed from the combustion-tube, partly by ex- 
haustion with the air-pump, and partly by a stream of carbonic acid gas evolved from 
carbonate of copper placed at the sealed end of the tube. The combustion is then 
performed ; the carbonic acid and nitrogen evolved by it are collected in a graduated 
jar standing over mercury, and containing also solution of potash, which absorbs the 
carbonic acid ; and, when the combustion is finished, the carbonate of copper is again 
heated, so as to evolve carbonic acid, and sweep all the remaining nitrogen into the 
jar. The volume of nitrogen is then observed, with due regard to pressure and 
temperatoro. 

This process gives accurate results; but it is troublesome, and requires rather 
complicated apparatus. A simpler form of it is now generally used, in which the 
exhaustion with the air-pump is dispensed with by the use of a substance which 
evolves carbonic acid more abundantly than carbonate of copper. This simplification 
is due to Mel sens. (Ann. Ch. Pharm. lx. 115.) 

At the sealed end of a combustion-tube 30 inches long, is placed a layer, 6 inches long, 
of acid carbonate of sodium, a b (fy. 36) ; then oxide of copper, be; then the mixture 

of the oiganic substance with oxide 
Fig. 35. of copper, cd; then strongly ig- 

I I y.! nited oxide of copper, de; and, 

coppcT turnings, ef. The 
tube is enveloped in copper foil or 
■ * J • ’ brass wire gauze, and connected by 

. a gas delivery-tube with a graduated 

w, standing over mercury (^^. 36), and partly filled with strong solution of potash. 
The tubo is laid in the combustion furnace, ana the acid carbonate of sodium graduallj 

heated, the other part of the 
Fig. 36. tube being protected by 0. 

screen. Carbonic odd gat 
is then evolved, and drivat 
the air out of the tube.. It 
is tested from time to time 
by collecting it in small 
tubes filled with meiciin^ 
and leasing caustie potani 
into it. As soon aa the 
mui is completely abaorbed 
by the potaah-ley, ahowiiig 
that all the air is coraeDed 
from the tube, the heat is removed from the acid carbonate of sodium ; the gniwiatcd 
jar, filled partly with mereury, and partly with potash-ley, » adjusted in its plaaa 
*OTer the extremity of the deliveiy-tnbe, and- the combustion is commenced. Thu 
nitrogen and carlwnic acid then pass over together; the carbonic add ia aba o r b e d 
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bMt is sgein aroUedtothe addcarbonate of sodium, soaa to oyotve rnoroeavbtmieicidy 

and sweep all tlie residual nitrogen into t^e gas jar. 

The gas is left standing over the caustic potaw till the absorption of the earbonio 
acid appears to be quite complete : it ma^^ be accelerated by a gentle agitation. A 
ground glass plate is then placed under the jar, pressed against it, to prevent the mer- 
cury from running out, and the jar is transferred from the mercury-tiough to a large 
ressel of water. On removing the glass plate, the mercury and potash-ley run out, 
their place bei^ supplied by water. The volume of the gas is then read off, and 
reduced to the standard pressure and temperature, allowance being also made for the 
tension of the aqueous vapour. From the corrected volume of nitrogen thus obtained, 
the weight is easily deduced by calculation. 

If commercial bicarboqfite of soda is used in this process, it must be teat^id 
beforehand, in order to ascertain whether it gives off any gas not absorbable by 
|X)tash. Indeed, it is advisable to subject all the materials used in the process to a 
trial by ignition without the organic substance. They ought not to yield more than } to 
IJ c. c, of gas not absorbed by potash-ley. J .* 

It is also of the greatest importance, in all nitrogen estimations in which the " \ * 
nitrogen is determined by volume, to test carefully the accuracy of the weights with 
which the substance to be analysed is weighed out. In other analyses, the absolute 
valiif' of the weights used is unimportant, provided they agree amongst themselves ; 
l.>ut if the gramme weight and its subdivisions, with wmch the substance is weighed 
out, are not true to their standard values, the weight of the nitro|ron, determined by 
calculation from its observed volume, according to fixed data, wul not give the true 
wcigiit of nitrogen contained in the compound. 

Another moihfication of Dumas’s process is given by Dr. Maxwell Simpson 
(Cluiii. 8oc. Qu. J. vi. 299). The combustion is made with a mixture of oxide of 
copper and mercuric oxide, the free oxygen evolved by the latter being absorbed by 
r<.*d-hot copper, and the atmospheric air expelled by a stream of carbonic acid, evolved 
from carbonate of manganese. The gaseous mixture evolved by the combustion is 
collected in a receiver of peculiar construction, from which, after the carbonic acid Ims 
been alisorbcd by potash, the nitrogen can ha transferred, without loss, to a eud^ 
meter, and accurately measured over mercury. The details are as follows : — 

A combuHtioii-tube, from to 3 feet long, is sealed at one end, and a mixture of 
1 2 grm. carbonate of manganese and 2 grm. mercuric oxide (the latter being added to 
prevent the possible formation of carbonic oxide) is introduced into it. At an inch 
from this mixture is placed a plug of asbestos, and then tlie mixture of the sulistance 
to be analysed (6 or 6 decigm.) with about 45 times its weight of a mixture of 4 pts, 
oxide of copper and 5 pts. oxide of mercury. To ensure that the oxide of mer- 
cury is free from nitrogen, it must be prepared, not by ignition of the nitrat^ but by 
precipitating corrosive sublimate with excess of caustic potasli; llie precipitate is 
wwhed with aqueous phosphoric acid, to remove free potash, then witn water, and 
dried at a rather strong beak 

The mixtime having been introduced, the mortar is rinsetl out with oxide of copper, 
wd the rinsings add^ as usual ; then a plug of asbestos is thrust in ; then 2 or 3 
inches of pure oxide of copper add^ this amo being kept in its place by ao asbeetos 
ping; and the tube is filled up with metallic copper, prepared by 
reducing the coarse-grained oxide (p. 226) with hydrogem The open FVg. 37- 
end of the tube is then drawn out, and the neck joined by a 
caout^o^ <»nnector with a gas delivery-tube, bent at right angles 
^d ^pping into the mercuiy-tro^h. 

The combustion-tube is now laid in the furnace, and heat is applied 
to the metallic oopper and oxide of copper, and at the same time to 
the carbonate of manganese, the heat^ portions being shut oflf by 
•^f^ns from the midue of the tube ; and as soon as the air is com- 
pletely expelled from the tube by the stream of carbonic acid, the 
mixture of the organic substance with the oxides is heated in the 
nsttal way, from^ the front backwards, the tube being first connected 
the ves^ intended to receive the nitrogen. Tins vessel has the 
wnn shown in fy, 37, and a capacity of about 200 cub. cent. : the eat- 
^rool diameter of the upper part shoold not exceed 7 or 8 mm. 

^ tube of t^ck vuleaaised oaoutehouc, 1} inch long, is slipped over 

top, which it must aecurately fit, to the extent of half an inch, and seenrely 
JOtod round with aQk eord. A glass rod, half an inch long, with the ends ground 
t'?i liAving the same diameter as the caoutchouc tube, is thrust down the lattes 
It touches ^ gas vessd. A pieee cd* thermometer tubing, also of the same dia- 
Qcter, and having a fine haar-boro, is bent into the form shown in fff. 38, and also 

X 2 
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iiuiertoditi^he caoatcibauc is h>xt slightly stretched over it, and firmly fleenred with 
silk c<5tdi^«o that there may be no interval between the glass rod, bent tube, and gm 
vessel- A aUk co^^i is, lastly, tied round the part of the caoutchouc tube where the 
solid rpd lies, so as to make it perfectly air-tight. Before using the apparatus, th« 
joints must be tested by prtially filling it with inercuiy, jdunging the mouth 
beneath tlie surface of the liquid, and observing if the level remains constant 

The apparatus is completely filled with mercury and caustic potash solution, and 
placed in the mercurial trough ns shown in Jig. 38. The gas deliveiy-tubc, preceding 

from the combustion- 
tube, being then in- 
serted into its latersil 
opening, the products 
of combustion pass into 
it, the carbonic acid 
being absorbed by tho 
potash-ley, while tlio 
nitrogen remains. At 
the termination of the 
combustion, the nitro- 
gen still remaining in 
the tube is swept out 
into the receiver by a 
stream of carbonic acid, 
evolved by heating tho 
portion of enrhonate of 
manganese stiU remain- 
ing luidecoinposed. 

next thihg to be done is to transfer the nitrogen to n eudiometric tube. For 
this purpose b^nt tube, narrowed towards the lower part of the upright arm is fitted 
air tight to thelatcral opening of the receiver by means of a cork, care being taken 
that no air is introduced in fitting it, to ensure which it is beat to moisten the cork 
with a solution of corrosive sublimate. Mcrttuiy is now poured into the bent tube, 
and the receiver is lifted out of the mercur 5 % curried to a mercurial trough with glass 
•ides {Jig. 39), and allowed to stand for an hour or two, so that the absorption of tlio 

carbonic acid may bo com- 
Fig, 39. plete. A endionietcr, pre- 

viously moistened with a drop 
of water, so that the gas may 
be saturated with moisture, 
is then carefully filled with 
mercury, and inverted in the 
tro^h ; tlie end of the gas 
delivery-tube from the re- 
ceiver is brought under it; 
tho cord -which tied tho 
caoutchouc tube to the glass 
rod is removed ; and the ni- 
trogen is driven into the 
eu(Someter by slowly pouring 
mercury into the bent tube, 
as shown in the figure. As 
soon aS the potash-ley makes 
its appearance in the ^aa de- 
livery-tube, the addition of 
mercury is stopped. 

. , volume of nitrogen which 

then remiuns in the gas delivery' tube is exactly equal to the volume of the air which 
was oontaiiiecl in it at the beginning of the process, and was driiren into the eudiometer 
t»r>o by the first portions of mcrcuiy adde^ so that tho volume of gas driven into the 
endiomefer is exactly that -which was contained in the roeeiver. Lastly,* tho 
measured, with- due regard to pressure and temperature^ and the weight calculated 
acconlingly. * 

This process gives veiy exact results. Its peculiar advantages are, that the fre® 
oxygen evolved from the oxide of mercury ensures cmEnplcte combustion, while the 
vapour of memiiy prevwite the formation of any dmm of nitrogen : moreover, 
fuables the gas. to be measured over mereurv, which is much more exact than th® 
i'»‘d-nnn^ mode of measuring over water. 
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bodies heated with hydrate of potassium or sodium, give off the Whole ofi^ltlFnitrogen 
in the form of ammonia, the carbon uniting with thfe oxygen of the hydrate to 

form carbonic acid, while the hydrogen combines with the nitiogeii tO fovnoTamnioiua. If 
the quantity of nitrogen present is not sufficient to unite in this inannor with idl the 
hydrogen, the remainder is eVolved as gas ; but there is no organic substance, ex- 
cepting those containirig nitric acid, in which the quantity of nitrogen is too great to be 
completely converted into ammonia by the hydrogen thus liberated fipom the alkaline 
hydrate. In many cases, however, cyanide of potassium or sodium is formed in the 
lirst instance ; but even then, if a sufficient excess of the alkaline hydrate is present, 
the cyanogen is decomposed when the heat becomes very strong, and the whole of the 
iiiri»gen is given off as ammonia- It is on these facta that Will and Varrentrapp*s 
iiM'tliod of estimating nitrogen is founded. 

As the Iiydrates of potassium and sodium are very deliquescent, and act strongly on 
glass at high temperatures, it is convenient to mix them with quick lime, which make* 
tliitii more manager Vde, and diminishes their action on the glkss. The mixtuvif^ 
generally iisetl is containing 1 pt- of hydrate of Hodiun||^and 2 pts. Of quick 

linio. It is prepared by adding tho requisite <juOTitity of quick limd to caustic soda-ley 
<it' known streiigtli, evaporating to dryness in an iron pot, calcining the residue in a 
rnicible, and afterwards rubbing it to fine powder in a warm mortar. It must bo 
piv.scrvtKl in wide-mouthed vessels with good stoppers. If commercial soda is used 
t'nr tiiLH piiriiose. it must bo previously testeil for nitric acid, as the presence of that 
« ofnjound would vitiate the analysis. 

The siil>stnuee to be analysed is mixed in a warm porcelain mortar, with a quant!|y 
of soda-lime sufficient to fill about two-thir<ls of a coml^ustion-tube, fh>m 16 to 
IS inches long. The soda-lime must be previously heated over a lamp tg expel any 
rijoistiire or ammonia that it may have absorbed, nii<l tho mixture im^%e made by 
Very gentle trituration, otherwise portions of it will adhero obstinately ^to the motftar 
aii(l pestle. Affer it has been introduced into tho tube, the mortar la rinsed with 
frc.sli soda-limo, and finally with pounded glass, to remove any smalf portions of ad- 
hering matter. Lastly, the tube is filled up with soda-lime to within an inch pf'lh# 

♦ xtrcinity, a plug of ignited asbestos being placed at the end to prevent the 11^^ 
|H:>wdor from being earned forw^ard by the vapours. 

The ammonia is collected in a bulb-apparatus of t he form shown in fig, 40, ooi- 



Jiiiiiing hydrofldorlc acid (specific gravity alx^ut 1*10), sufficient to hnff fiUi |||it of the 
jarger bulbs. This apparatus is adapted to tlic eombustion-tubo in tbo ihailfflW i(jhown 
m the and the tuV>e is gradually heated from end to end. Ammonia is then^iten 

off and is absorl>ed by tlie hydrocliloric acid. Towards the end of the combustion, the 
neat must be very much increased, in order to decompose any cyanide of sodium that 
»ii!»y have formed in the earlier stage of the process. When the combustion is fimshed, 
♦h«* jKnnt of the tube is broken ofl^ and air drawn through the apparatus in the usual way. 
j joins (Bullet. Soc, Clum. do Paris, i, 105) recommends to place at the closed of 
the tiil>e a mixture of oxalate of calcium and slaked Bme (obtained by neutralising 
oxabe acid with milk of lime, boiling tlje precipitate with excess of Ume, and drying 
rajudly at llO^C.) which, when decomposed at the end of tlie operation, OTolves a 
Hr»'ain of hydrogen that sweeps all the ammonia remaining in the combustion-tube into 
to receive it. 

1 liquid is emptied into a capeule, and the bullis are rinsed with alcohol, 

jjnd then repeatedly with distiBed water. Sometimes oily hydrocarbons are formed 
utmng the combustion, and coUe^fet on the surfhoe of the acid liquid. In this ease it 
proceeding ftirther, lo acmarate the oil from the acid liquid by filtrationu 
jno filter pjjeviousfy uoiataiad with water. Bichloride of platinum is now added 
eolation, which praeiiHintim the ammonia as ehloroplatmate of ammonium, 
H Cl , PtCl* ; the whole is e iii ip je ra tcd to dxyneee over tbe^ water-bath ; and the dijr 
when cold, is treated with a nuxture ^ 2 rolumes of strong alcohol end I vol. 
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ether, which difflolvcs the excew of hiehloride of platimm^ and leaTW Ihe A W 
platinste of ammonium. Thic calt is coUected on- a weighed mtor, wachid wStS 
same mixture of alcohol and ether, then dned at 100^ and weighed j 100 nti. of 
correspond to 6 279 pts. of nitrogen. Or, the salt with^ its Alter raaj be minted L » 
weighed crucible of platinum or porcelain, till the Alter iB completely homed to ashes 
and metallic platinum is left. The ignition must be performed inth great eara 
commencing with a very gentle heat, which should be increased yery gradually, 
because the yapours of sal-ammoniac and chlorine which escape are veiy apt to cany 
with them a small quantity of platinum : 100 pts. of platinum correspond to 14*201 
pts. of nitrogen. 

The process just described may be applied to most azotised (Ugamc bodies without 
further modification. Sometimes, however, when the proportion of nitrogen is largp, 
as in urea, mellono, &c., the whole of the hydrogen is given off as ammonia. In this 
case, the quantity of uneondensable gas evolved is comparatively fl Tnfl.11, and towards 
the end of the process, the acid in the bulbs is very likely to be suddenly drawn back 
into the combustion- tube. This accident may be prevented by adding to the mixtuie 
a small quantity of sugar or tartaric acid, so us to dilute the ammonia with uncon- 
densable gases. 

Liquids containing nitrogen may be treated in the same manner, being enclosed in 
bulbs, as for combustion with oxide of copper. 

There are some azotised organic bodies to which Will and Varrontrapp’s process is 
not applicable, — those, namely, in which the nitrogen exists in the form of an 'oxide, 
generally as NO* (the so-called nitro-compounds) : these bodies, when ignited with 
an alkaline hydrate, giving off only a portion of their nitrogen in the form of ammonia, 
BO that the quantity found is always too small. 

Other azotised bodies, when heated with soda-lime, give off, not ammonia, but organic 
bases free from oxygen, and more or less resembling ammonia. Thus indigo yields 
phenylamine (C*U’N), and many non-volatile organic bases, r.p. nareotine, morphine, 
quinine, and cinchonine, giro off organic volatile bases. Many non-oxygenisecl 
organic bases, such as phenylamine, chinoline, &c., pass over ignited soda-lime without 
decomposition, or at all events do not yield all their nitrogen in the form of ammonia. 
Now ill these volatile organic bases form platinum-salts, in which, us in chloro- 
platinaie of ammonium, 1 atom of platinum corresponds to 1 atom of nitrogen. If, 
therefore, these bases are treated V>y Will and Varrentrapp's process, the resulting 
platinum-salts ignited, and the metallic platinum weighed, 100 pts. of it will correspond 
to 14'204 pts. of nitrogen, whatever organic ba.se may have been formed in the decom- 
position. As, however, the platinum-salts of many of these bases are more soluble in 
alcohol than chloroplatinnto of ammonium, it is best to wash them, not with the 
mixture of alcohol and ether above-mentioned, hut with absolute ether to which only a 
few drops of alcohol arc added. In aU cases in which it is not certainly known that the 
bed^ submitted to analysis gives off the whole of its nitrogen us ammonia, the chloro- 
plutinate should he ignited after being weighed, and the residual platinum weighed 
again, bo as to ascertain whether the chloroplatinato weighed was really chloroplatinate 
of ammonium. (NH^PtCl* corresponds to 44*3 per cent, platinum.) 

Instead of precipitating the ammonia with bichloride of platinum, its quantity may 
also bo determined volumotricolly, for instance, by receiving it in dilute s^phunc acid 
of known strength, and estimating the quantity of free acid remaining by means of a 
standard alkaline solution. P^ligot uses for this purpose dilute sulphuric acid, containing 
61 ‘2d ^ms. of in a litre of liquid; neutralises it with a measured quantity 

a solution of lime in sugar-water ; and compares the quantity of the lime-solution re- 
quired for this purpose with that which is required to neutralise the same volume of 
acid after absorption of the ammonia. Insteaa of the solution of lime in sugar-water, 
which quickly varies in strength, and must be standardised before each experiment^ it 
is better to use a standard solution of caustic soda (see AemmBTST, and Analtsis 
VoLUMETBic). If an acid bo used containing 1 at, SO^H* in a litre of liquid, and a 
solution of soda containing 2 at. NallO in the same volume of liquid, the quantl!^ of 
acid saturated by the ammonia will be vexy readily found, and thence also the quantify 
of ammonia absorbed. These methods, being more rapidly executed than the pladntun* 
determination, are especially applicable in the determiiiatLon of nitrogen tw 
purposes, in the valuation of guano for example. 

Other modifications of Will and Varrentrapp's process have been jffoposedy Av 
example, receiving the ammonia in tartaric acid, — nut they do not appear to prc BS Wt 
any peculiar advantages. 

Estimation or CHtoamb 

Orgrac bases combine with hydrochloric acid, formifl|; salts (the hydroehlcfate rf 
morphine, for example), ffom the solutioDa of whiA chlorme may be comptotefy pratf* 



Dil«ted by matpif ?**?**• ^ «*“*» tolivwaiai eontefa 

chloriM in • it ^not be precipitated «• 

compound is completely destroyed. 

The mode of decomposition adopted in such cases is to fbe oompoiiiid iriih a 
caustic alkali op alkateae earth, generally with quick lime. The lime used Ihr the 
purpose is obtained by suojecting marble to a strong red heat in a emcible. It nmst 
^ for chlorine, and if that element is foimd in it, the lime must be slaked, and 
the chloride of calcium separated from it by washing with water, after wfaidi it is to 
be recalcined. ..... 

The oiganic compound, if solid, is mixed in a mortar with the pure pounded lime^ 
the mixture introduced into a combustion-tube fbom 12 to 18 inches long, and the 
tube ^led-up with pure lime, or (in order to diminish the^quantity of lime wMdl has 
to be subsequently dissolved in nitric acid) '^th a mixture of lime and pounded ^^ass. 
The mixture is then burnt in the usual manner ; afterwards, while the tube ia itiUh 
hot, tlu* open end is closed by a cork, it is then wiped with a piece of ^tor-paper, a^ 
gradually introduced into a tall glass cylinder about onc-third ftiU of distilled 
M*ater: the hot tube breaks on thus coming in contact with the water, and its contents 
fall into the cylinder, where the excess of lime is dissolved by nitric add. The liquid 
is then filtered, if necessary, and the chlorine precipitated by nitrate of silver. Or, 
the contents of the tube when cold are turned out into ajar of disced water, and the 
whole is dissolved by nitric acid. This method, how'ever, is more sul^ect to enor tiun 
the first; for it ia difficult to prevent a portion of the veiy fine dustof lime being 
carried away by the air while emptying the tube into the water. 

Liquids containing chlorine are enclosed in bulbs in the manned already described 
(p. 232), and the vapours passed over the red-hot lime. 

Bromine and iodine in organic compounds are estimated in like manner. 

Kstidcation of Sulphur. ^ 

Sulphur IS sometimes contained in organic compounds in such a manner that it 
exhibits its usual reactions it'ith met>iillic solutions ; more generally, however, its sepa- 
ration can only be effected by tlie completo destruction of the compound. In. soma 
cases, oxidation with strong nitric acid will effect the decomposition, the sulphur being 
converted into sulphuric acid; but a more certain methoa is to flise the eompound 
with an alkaline hydrate or carbonate, mixed with nitre, chlorate of potassium^ or ox ide 
of mercury. 

For non-volatile bodies, a few lumps of hydrate of potassium ore fused in a silver 
crucible over a gas lamp, with about ^ of nitre, a few drops, of water being added to 
facilitato the fusion ; a weighed quantity of the sulpliuretted organic compound is then 
added in successive smaU portions, and the heat is gradually raised, small quantities 
of nitre being thrown in time to time, if necessary, to burn away the carbon. 
The fused mass when cold is dissolved in boiling water, the excess of alkali nentralised 
with hydrochloric acid, chloride of barium then added, and tlio precipitate of sulphate 
of banum filtered, washed^ and ignited with tho usual precautions. (See Sulfhitbso 
A ero.) ^ 

Sulphur-ooinpoanda may also, whether fixed or volatile, be burnt in a combustioik* 
tube with a mixture of carbonate of sodium, with nitre, chlorate of potassium (Kolbe), 
or oxide of mercu^ (Russell, Cfacm. Soc, Qu. J. vii. 212), — non-volarils pulverisable 
eolida being mixed up with the carbonate of sodium and the oxidising agent; volatile 
liquids being enclosed in sealed bulbs, and volatile solids and fatty bomes placed in 
platinum boats. 

EsnicxTiox OF pHospHonus. 

l^osphorns in organic bodies is estimated by burning the substance with a mixtuiu 
of alkaline carbonate and nitre or cMorate of potassium, in tho same manner as for 
sulphur, and |weeipitating the resulting phospnoric acid as phosphate of magnesium 
aad ammonium. tSimilarfy for arsenic, 

<Hher non-volatile substances occurring in organic compounds are estimated by the 
orainaiy processes adapted to each of them, in the residue left after the organio matter 
««a bemi buznt away. 

An easier m^hod of estimating sulphur, phosphorus, chlorine; in organic com* 
P^ds, lately introduced 1^ Carina (Ann. Ch. Pharm. cxvi 1), oemststs in heating 
A / specific gravity about 1*2, in a scaled taheu 

** neariy all cases; completely converted into sulphuric acid, and 

^y be i^reeipitatM by chlonde of barium; pko^korus and arsenic are converted into 
P^J’^phodc sad arsenic adds, and may be precipitated as ammonlo-magnetiutii aitet 
is partly coddiaed, partly cepMated in the ftee state; hot nuy W oomplsto'^ 

a 4 
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converted into hydrochloric acid by means of a dilnte solutaon of aulphnjoiii acid *» 
aiilphite of sodium, and then precipitated hy nitrate of silver; ^omine sxii ioditu tZ 
completely separated in the free state, and may be estimated in like manner; lastiv 
me^ais are converted into oxides or nitrates, and may be estimated by the oidinai 
methods of mineral anal^rsis. ^ 

^This method of oxidation by nitric acid in sealed tubes, is likewM apph'cable to 
many inoi^anic compounds, the sulpliides of arsenic, for example. (For details, see the 
articles CnnoBDras, Phosphobus, Sulphub, &c.) 

I>BTERMn7ATION OF THE ChEMIOAL FoBMULA OF AN ObGANIO CoMPOUNB. 

When the quantities of the several elements of a compound which make up a given 
weight, say 100 parts, are known, it is easy to calculate the relative number of atoms 
of these elements. For, since the actual weight of a substance (IF) is equal to tlio 
weight of each atom (A)^ multiplied by the number (n) of the atoms (IF n A\ it 
followa that the number of atoms is equal to the totid weight divided by the atomic 

weight (n w ; so tliat, when tlie percentage composition is known, the relative 

nui^bers of the atoms — in other worcU, the empirical formula — will be found by dividing 
,^jtlie percentage of each element by its atomic weight, and reducing the result to its 
simplest numerical expression. 

For exa^liplei sorbic add is found by Hofmann’s analysis (Chem. Soc. Qu. J, xii. 4Gj 
to costaiu in 100 parts : 64*38 C, 7*20 H, and 28*42 O. Therefore ; 

if 

Number of Carbon-atoms *= — 5*36 or 3 

7*20 

„ Ilydrogon-atoms = — ^ — = 7*20 or 4 

„ Oxygen-atoms =* ~ 1*77 or 1 

consequently, the simplest atomic expression of tlie constitution of sorbic acid ia 
CHPO. 

Whether this is the real expression for the composition of the molecule, or whether 
it should be C*1I*0* or C'^11'^^0*, or any other multiple of the first formula, must be 
determined by other considerations. In the case of an acid, we naturally look to the 
Constitution, of its salts, the barium- and silver-salts being generally selected as beiug 
the mosb^sily prepared and analysed. Tlie analysis of sorimte of barium gives : 




In too pU. 


at. wt. No. ofutoras. 

Carbon 

, 

40*37 

-j. 

12 = 3*36 or 6*08 

Hydrogen 

, 

4*02 

-4- 

1 = 4*02 or 7*27 

Barium 

, 

27*89 


68*J ess 0 do or 1 

Oxygen 


17*72 

luo-do 

•*- 

IG « 1*11 or 2 


Tins approaches very nearly to the formula C*H’BaO®, showing that the rational 
formula of sorbic acid is, not OTPO, hut C^H*0'-, supposing the acid to be monobasic, or 
if it is dibasic. Which of these ]iyt>othe8es is correct must be determined 
by other considerations (Acids, p. 46). The monobasic formula is adopted because it 
is fountl that sorbic acid forms but one class of salts, one ether, one amide, 8cc. 

The rational formulae of buses are also determined by the constitution of their salts. 
The platinum-salts are most generally relied on, because they can be easily obtained 
pure, and the platinum can in most cases be determined with great accuracy. The 
rational formula of the base is tliat which corresponds to 1 atom of platinum. Thus 
the platinum-salt of nitranisidine gives numbers corresponding to the formula, 
C’H*N*0*.HCl,PtCr’‘: hence the formula of the base is C’H*N*0*. In some the 
gold-salts are better adapted than the platinum-salts for determining the oonstitutio]i 
of an oi^nic base. But any well defineil and stable salt in which the amount of add 
OP addsPadicle can be directly and accurately determined, will answer the purpose 

no the rational formula of a compound which is neither add nor bade, 
be had to its derivation and to its modes of decomposition. Thus 
by analysis numbers correspondiim to the formula, 0"H*NO. 
ih nitric acid, we obtain ieatin^ C*H*NCP (« indigo + O) ; and isatiii 
MtMEpu ^tn potash yields the potassium-salt of imtie acid, C*H»KNO*. Now, as 
iaiKde acid exhibits the characters of a monobasic acid, this formula shows that it coki- 



lAins 8 atoms of oaorbon ; and consequently i^tin and indigo, which aace related to it ia 
the manner just mentioned, must also contain 8 atoms carbon. Sab8t4£uti6n-*ntodueie 
formed under the influence of chlorine, nitric acid, &c, are often of great use m deter- 
minine rational formulae. Thus the composition of mesitylol may be expressed em- 
nirieaUy by either of tlie fomulas, C•H^ C*H* or C'H’*. But this body, under the 
Influence of nitric acid, yields the three substitution-products, nitromesitylol, 
dinitromesitylol, and trinitromesitylol, C*1I*(N0*)*, the com- 

iHjsitioii of which is utterly irreconcilable with the formula, C*II^ or C*H*, Again, 
the composition of might be expressed empirically by the formula, or 

but the existence of the compounds, C“H'C1, C'®H*BrCl^ 

and C'®H*Br*Cl*, shows clearly that tlie liigher formula is the true one. 

Wiicii a compound is volatile without decomposition, its atomic weight may gene- 
I'iillv be detenuined by means of its vapour-density. In nearly all cases, tlie mole- 
cule of a compound in the gaseous state is 8up|>osed to occupy 2 volumes (ATomc 
in other words, tlie vapour-density is lialf the weight of tlie moli^lc,^ and 
the formula of the compound must bo calculated accordingly. Thus ijl^ vaj^r- 
density of alcohol, as determined by Gay-Lussac, is 1’6133, referred to air as Unite or 
1 'fi 1 *V‘l • ^ 

(i tH’93 “ referred to hydrogen as unity. The double of this number, 

is tlicrofore the weight of the molecule. Now the comf)ositioii of alcohol,^ detei^ 
mined by eleincntaiy miiilysis, is CWO, ami the weight of the molpculj^loilatcd 
from this fornuila is 40. The formula of alcohol is therefore and u^iuiy^ui- 

tij lie thereof. | - 


II. PttoxiMATR Organic Analysis. 

The knowledge of the ultimate elements of which an organic body is composed, is 
not sufficient to give a complete idea of its constitution, unless the substance under 
examination is a definite chemical compound, such as sugar, alcohol, albumin, &c. In 
that ease, all the knowledge that wo wish to obtain, or indeed that we can obtain rc* 
grirding the constitution of the body, is derived from its elementary analysis, toother 
Avith the study of its chemical reactions; but when a complex organ, as a leaf or a 
root, or a vegetable or animal fluid, such us tlic sap, milk or blood, is to bo examined, it 
is necessary, before proceeding to the ultimate analysis, to separate tlic several definite 
(-(impounds or proximate elements^ of which the complex substance is made up; Justus 
in examining a sample of granite, it is not sufficient to know the relative quantities 
of silicon, aluminium, potassium, oxygen, &c., which it contains, but W6 require 
.tliio to know something of the manner in which these elements are gron^iid in the 
firm of definite minerals ; in other words, to ascertain what proportions of quarts, 
f hpar, and mica enter into the composition of the rock. 

The ultimate analysis of organic liodics is, as we liave seen, reduced to a very corti^ ^ 
ph tc system; there is indeed no element occurring in an organic compound which 
ran not be detected with ccrtiiinty, and estimated quantitativeljy^ within very narrow 
IiiTuts. Blit it is otherwise with the proximato analysis. With regard to vegetable 
t'nl>s*iinces in particular, nothing moic than a few general directions can bo given. In 
I he case of animal bodies, some pixigress has been mado towanls the establishment of 
a M'st-inat :ic course of qualitative analysis, but much remains to bo done before the 
im tliod Can approach in regularity and exactness to the processes of mineral analysis. 

The 8ul>stancc, whether vegetable or animal, solid or liquid, is divided into two parts, 
nno for the determination of the inorganic, the other for that of the oigunic consti- 
tuents. The former is dried and incinemted (see Ashrs) and the ash examined by 
the processes of mineral analysis. The former, if the analysis is to be quantitative, 
and in some lostanci^ also for qualitative analysis, is dried at a temperature between 
IbO'^ and 110' or 115® C., care being taken not to let the heat rise too high, AS 
onpiiiic lilies are veiy easily decomposed by heat. Some bodies must be dried at 
the ordinaiy temperature over sulphuric acid. Liquids are first evaporated in 
^hallow basins over the water-bath, and the residue is then dried at a somewhat 
lugher temperature. 

The dri^ residue or the original substance, is then subjected to the f^ion of 
various solvents, generally of ether, alcohol and water. Gerhart rccommfxA tlies|i 
solvents to be used in the order here indicated : this of course implies thl£t^ 

*ftanco is previously dried. Ether dissolves especially fatty and waxy 
n*8ins and camphors; alcohol dissolves the same substances with 
I'ut on the other hand, it dissolves many substances which ore insoluble 
water dissolTcs saccharine, gummy and amylaceons substances, and salts of* 
a(*id». Benzol, nil of turpentine, chloroform and sniphide of ca^n, arS; AM 
as solvcnla. Vegetable alkalis are extracted by dilute satfmM or 
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chloric acfd ; ozganic adds hy dilute ammonia or potash. The solutions of Tegelithle 
acids, and of certain other substances thus obtained, are often treated with acetate or 
Bubacetate of lead, in order to precipitate the organic prindples in the form of in. 
soluble lead-salts, which are then decomposed by sidphuretted hydrogen. Acetate of 
aluminium and ferric acetate are also used as precipitants. 

The solutions obtained in this way generaUy contein a mixture of ptosuinate organic 
principles, which m\ist be separated by factional dis t i ll ation, predpitation, saturation, 
or crystallisation : when ^stals are obtained, it is mostly of great service to examine 
them* cy the microscope, in order to determine their form, and ascertain whether they 
are homogeneous. 

Fractional precipitation with acetate of lead is much used for the separation of the 
higher terms of the fatty acid scries, stearic, palmitic, acid, &c. The mixture of fatty 
acids is dissolved in alcohol ; the solution is partially precipitated with acetate of 
Imd ; the precipitate is decomposed by sulphuric acid ; the fatty acids thereby sepa- 
rated are redissolved in alcohol, and again partially precipitated ; and this series of 
operations is repeated till the fatty acid thus separated shows a constant melting 
point. 

The method of fraction(d saturation applied by Liebig to the separation of some of 
the lower terms of the fatty acid scries, may also here bo noticed. When valeric and 
butyric acids occur together in a liquid, their separation may bo effected by half 
saturating the mixture with soda, and distilling. If the valeric acid is in excess, pure 
valerate of sodium is left behind, and a mixture of butyric and valeric acids distils 
over ; if^ on the contrary, the butyric acid is in excess, the residue contains butyrate as 
well as valerate of sodium : but the distillate consists of pure butjTic acid. On dis- 
tilling the residue with excess of dilute sulphuric acid, the two acids pass over together, 
and by partially neutralising the distillate lauth an alkali, and again distilling, a fur- 
ther separation may be effected. At each stage of the process, the less volatile acid 
(the valeric) displaces the more volatile, and one only of the acids is found either in 
the distillate or in the residue, according as the more or the less volatile ^id predo- 
minates. When a mixture of acetic acid with butyric or valeric acid is treated in this 
manner, different phenomena present themselves, the acetic acid, though the most 
volatile, exhibiting the greater tendency to displace the other two and remain in the 
residue. This peculiar behaviour is due to the formation of an acid acetate of sodium, 
which is not decomposed by either of the other acids. Hence, 
if the mixture contains more acetic acid than is sufficient to form an acid acetate with 
the quantity of soda added, the excess will pass over together with the whole of the 
butyric or valeric acid present, the residue consisting of pure acid acetate of sodium ; 
if, on the contrary, the quantity of acetic acid is loss than sufficient to convert the 
whole of the soda into the acid acetate, pure valeric or butyric acid will pass over, and 
the residue will contain acid acetate of sodium, mixed with butyrate or valerate. 

Volatile oils are separated by fractional distillation. The roots, seeds, leaves, &c., 
containing them are macerated in water and distilled, and the oils which pass over 
with the aqueous vapour, are separated mechanically from the watery distillate, and 
subjected to fractional distillation, the portions which distil at constant boiling pointa 
or between narrow limits of temperature being collected apart. Many volatile oils 
have the compo.sition of aldehydes, and these are separated from mixtures containing 
tliem, by agitation with a saturated solution of acid sulphite of sodium, with whi<di they 
form ciyst^ine compounds. 

In most cases, however, more information will be obtained concerning the best 
method of ppocednro in way particular case, by consulting the methods which are 
actually in use for separating special substances ffrom complex mixtures in which they 
occur,ihan from any general rules : see for example the articles Aijcaxoids (nsTBCfloir 
of), Bonb-oil, CiNcuoNa-BABX, Opium, for the methods of separating alkiUoids ; the 
articles Binn, O1.B10 Acid, Steabio Acid, Ubic Acid, &c., for the methods of separatisg 
acids ; and the articles Albumin, Gltcbkin, Suoab, &c., for the methods of separating 
neutral bodies. « 


Examination of Animal Substances: Zoockemieal Analysis , — Ths 
graeral directions just mven for the proximate analysis of complex organic bodiesTm 
xbr the most part equally applicable to v^etable and to animal substaxices : but the 
^Mcimata principles of the animal body being less numerous than tho^e ci the 
wegatahle kin^om, where distinct proximate principles occur in every natural erder 
ana in nany udividual species, it is somewhat easier to lay down a tystematic coursa 
te the quaHtattva anal^is of animal substances. The following is the method giren 

by Gomp-Besanea, in the 2** AufLl 98 i. 

Eor — ^Tfae ph^c^ chufacten must llrat be examined. Any turbidi^ nr 

^ uquid is to be examined by the microseope Ibr the deteetion 
<nystals, oi^W|BCii of any other definite form. An add leaction of the liquid indi- 
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<Atea the pretence of free adds or of acid ah alkaline veBCtion, that of free 

alkaline carbonates or phosphates (as in blood, blood-aerum, and serous tmmso* 
dates; or of ammonia rdmltin^ from decomposition (as in urine). A coagolum forming 
spootaneonsly, after a ▼bile, in a liquid originally clear, generally consists of fibrin ; it 
imiy also eoi^^ of organised bodies, a question to be decided by examination with the 
microscope. 

The liquid, clarified, if necessary, by filtration or straining, is now to be examined 
as follows. 

1. A portion of it is heated in a test-tube to the boiling point, acetic acid being 
added, before the boiling heat is attained, in sufficient quantity to produce a frunt 
acid reaction, in case the liquid was originally neutral or alxaline. 

a. If no distinct coagulum is formed, albumin is absent : pass on to (2). 

b, A distinct coagulum or turbidity is produced : Divide the liquid into two portions. 
To one portion add a few drops of dilute hydrochloric acid. If the precipitate dis- 
appears, albumin is absent, but earthy phosphates are probably present. Look fbr 
tliL-m by the microscope or by chemical tMts. 

If the coagiUum or turbidity does not disappear, add hydrochloric acid and heat to 
the boiling-point; if it dissolves gradually, with blood-red colour, albumin is present': 
fur a confirmatory test, add a few drops of nitric acid to a small quantity of the 
original liquid. 

N.B. If the coagulum formed by boiling the liquid, or the liquid itself, has a reddish- 
tinge, h lemat i n and globul i u may be present. The coagulum is then to be digested 
in alcohol containing sulphuric acid, and the liquid treaty with the tests specifllly 
utiapted to the discovery of those compounds. 

2. The liquid in which no coagulum is produced by boiling, or the liquid filtered 
from the coagulum in the contrary case, may still contain the following tubuminoidal 
sul stances: paralbumin and metalbumxn, casein andglobulin. 

If only a turbidity was produced on boiling the liquid,paralbuminormetal- 
1> Ti mi n may bo present. Add acetic acid during ebullition; if the liquid then becomes 
turbid or deposits flocks, and yields a turbid filtrate, if it ^so gives a precipitate with 
ft iTocyanido of potassium and nitric acid, and tho last-mentioned precipitate isanao- 
liil'le ill excess of nitric acid, par albu rain is present. Then look for metalbumln 
with alcohol and fcrrocyanido of potassium. If alcohol produces a precipitate soluble 
in a largo quantity of water, but fcrrocyanido of potassium produces no precipitate, 
m c t a I b n m I n is present. 

If the liquid remains perfectly clear on boiling, it may still contain the following 
albuminoid substances and their derivatives ; casein, globulin, glutin, chondrin, 
py in, and mucus. 

A sample of the liquid is mixed with ferrocyanide of potassium. If it remains 
clear, casein and globulin are absent: pass on to (3). 

If a precipitate is formed, test for casein with solution of chloride of calcium and 
1 oiling, also with calfs rennet; for globulin, by observing whether a precipitate is 
f<»rme<l by neutralising the solution after it has been made acid or alkaline. 

3. To a portion of the liquid add acetic acid. If it remains clear, pyin, mucus^ 
and c hondrin are absent : pass on to (4). 

A precipitate is form^ : test the solution with corrosive sublimate. If no precipi- 
tate is formed, pyin is absent. The occurrence of a precipitate indicates the presence 
of py i n, which may be verified by tincture of galls and neutral acetate of lead. If the 
corrosive sublimate produces merely a turbidity, chondrin is perimps present.^ Con- 
centrate a portion of the liquid: tho formation of a jelly incUcatea cnondrin, the 
presence of which may be confirmed by its behaviour to alum and metallic aalta. 

^ 4. The liquid in which acetic acid produced no precipitate may yet contain glutin. 
Concentrate a portion strongly, and leave it to cool : the formation of a jelly wiu then 
indicate glutin, which may be farther tested with corrosive sublimate. 

The origin^ liquid — or of it contained albumin, the Hquid freed from that com- 
t4)und by boiling — ^is concentrated by a gentle heat to J or | of its volume, then heated 
to boiling and left to cooL 

If uo pimpitate forms, the liquid is probably free from urates : pass on to (6). 

If aprecipitate is formed, add acetic acid. If the hitherto amorphous masses are then 
*een under the microscope to assume the form of rhombic tablets, uric acid is present 
and may be fiurther tested with nitric acid and ammonia. 

A mystaUine precipitate not altered ly acetic acid pointo to the pssence of inl» - 
phate of calcidm, or phosphate of magnesium, which may oe fhrtiier Mb* . 
imtted to microicopie ana dienucal examination. The precipitate, if oystill^ iW 
alw contain allantoiif, tyroain, hippurate of ealeinm, and benaoie neid* 
examination and the generaf behavtonr of the M b rtan Mi W M t then . 
further teels to be appBed # 
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6. The concentrated liquid in which no precipitate is formed hy hoUing and sub. 
sequent cooling, or the liquid filtered from such a precipitate, is evaporated to .a sjmp 
on the water-bath, and left to itself for a considerable time. 

If crystals gradually form, it is left to s^nd as lohg as they continue to increase. 
They may consist of creatine, creatinine, glyccocoll, leucine allantoin, 
taurine, sarcosine, inosite, alkaline hippurates, chloride of sodium 
and other inorganic salts. 

It must in the first place be determined whether these crystals are oi^anioor 
inorganic. In tho former case, they must be tested especially for nitrogen, sulphur 
and phosphorus (p. 221), their chemical character determined as nearly as possible, 
and the further examination reguhited accordingly. In tho latter case, they must be 
treated by the methods of inorganic analysis. If they blacken when strongly heated, 
but also leave a fixed residue, tliey probably consist of an organic acid combined 
with an inorganic base: in that case, tho fixed residue will effervesce strongly with 
acids. 

7. Tho syrupy residue itself, or tho liquid separated from the crj^stals which have 
formed in it is evaporated nearly to dryness, and the residue exhausted with alcohol 
fif specific gravity 0-833. 

'rt. A portion of the alcoliolic solution concentrated and then diluted with water, is 
tested with nitric acid containing nitrous acid, forbile-pigment: — /f. A second portion 
treated in like manner, is tested with sugar and sulphuric acid for the acids of bile: — 
e. A tliird portion is evaporated nearly to d^ness, the residue dissolved in water, and 
the solution examined by Trommer’s or F eliling's test for sugar: — rf. A larger portion 
of tho alcoliolic solution is evaporated to a small bulk, the cooled residue treated with 
nitric acid free from nitrous acid, and the vessel immersed in ice-cold water or in a 
freeaing mixture. A himiiiar crystelline precipitate exhibiting the micro-ciystallino 
characters of nitrate of urea, indicates urea (care must be taken to distinguish it 
from nitrates of the alkalis). A crystalline precipitate appearing after some time, or 
more quickly after previous heating, indicates liippuric or benzoic acid, the pi*o- 
S(?nce of which must bo verified by the microscope and by chemical reactions: — c. Mix a 
portion of the concentrated alcoholic extract with a syrupy solution of chloride of zinc : 
if ti crystalline precipitate forms, it may contain creatine and creatinine: if no 
such precipitate appears after a considerable time, creatine is certainly absent : — 
/. The last portion of the concentrated alcoholic extract, which will exhibit a strong 
acid reaction, if any free acid i.s present, is to be heated with oxide of zinc, filtered 
hot, and a drop left to evaporate on a glass plate: if lactic acid is present, the cha- 
racteristic club and tun-shapod ciystalH of lactate of zinc will bo seen by examination 
with the microscope. The presence of lactic aeid may he confirmed by preparing a 
pure salt of tho acid from a larger quantity of tho liquid. 

8. Tho residue insoluble in alcohol may contiiin, in addition to inorganic and so- 
called extractive matters, uric acid, guanine, liypoxanthin e, and albumi- 
nates not precipitated by boiling. It must be exhausted with water, which takes up 
CJiHoin, pyin, and extractive matters, together witli soluble salts, then with dilute 
potash solution, wdiich dissolves uric acitl, hypoxantliine, and guanine, and lastly, with 
dilute hydrochloric acid. What then remains may contain albuminates which have 
become insohihlc, mucus, and perhaps also silica. All these substances must be 
further looked for by special tests. 

9. Part of the original liquid is evaporated to dr 3 mess, and the residue, pulverised 
if possible, is exhausted with ether. The ethereal extract^ chiefly containing fats in 
solution, is ova^rated and further examined (see Fats and Qt.tcerides). Tho residue 
insoluble in ether is incinerated, and tho ash examined by the methc^ of iuorganio 
analysis, 

0. Ttssurs and Organs . — ^lu the analysis of animal tissues, it is absolutely nccsssi^ 
to operate with considerable quantities of material, not less than 20 pounds; otherwise 
a very tedious investigation may be gone through without any satisfactory result. * 

The tissue is first carefully comminuted and completely ei^austcd witei cold water; 
the extract is freed from albumin by boiling, and to the filtered liquid a concentrated 
Bolution of caustic baryta is added as long as any precipitate or turbidity is produced. 
Tlio precipitate may contain phosphate of barium, phosphate of magnesium* 
sulphate of barium, uric acid, and hypoxan thine. The filtrate is evaporated 
to a^yrup over the water-bath, care , being taken to remove any mucous films like 
easein tlmt form during the evaporation. These generally consist of carbonate of 
barium or phosphate of magnesium, but may also contain uric acid, hypoxanthine^ 
or barium-wta of organic acids; they must, the^fore, be thrown away. As 
soon as the fiUntto is concentrated to the consistence of a thin syro^ it must ne left 
to evaporuto i<^^tanMns1y, If small short colourless prisms form in it> they 
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pix^lniUy consist of creatine; as soon as they appear to be completely deposited, 
they are to be separated from the tDother-liquor, reaystallised, and submitted to 
further examination, 

T)ie mother-liquor is then farther evaporated, and mixed urith small portions of 
aleohol, till a milky turbidit^r is produced, after wliich the mixture is left to itself for 
ji few days ; if granular, laminar, or needle-shaped crystals form in it, they may con- 
tain, besides creatine a^ phosphate of m^csinm, inosate of potassium and 
inosate of barium. To obtain the inosic acid, dissolve the deposit in hot water, 
atlil chloride of barium, purify the inosate of barium which separates by crystallisation, 
and separate the inosic acid by precipitation with dilute sulpliuric acid. 

The liquid separated from the deposit of inosates is now to be mixed with a fresh 
portion of alcohol, whcreuMii it generally separates into two layers, the lower being 
tivrupy, the upper more mobile. The upper layer is decanted, and the lower is mixed 
vith an equal volume of ether, which gene^ly catises a fresh separation. The lower 
Mnituui thus formed may contain alkaline lactates, inosite, and salts of the 
volatile fatty acids; the upper, creatinine and leucine. The cther-alcoholic 
liquid is evaporated and loft to crystallise. If the residue gradually deposits fine 
laminated crystals, dilute it with a little alcohol, filter off the mother- liquor, and treat 
the crystals with boiling alcohol; they may contain creatine and creatinine, Th'i 
creatine separates immediately as the filtrate cools ; tho creatinine crystallises from 
the mother-1 iqiior. 

The heavy syrupjr liquid mixed with the mother-liquor of tho creatine and creatinine 
is supersaturated w’ith dilute sulphuric acid, in order to precipitate all tho baryta, and 
the filtrate is distilled to obtain the volatile acids. Tho residue of tho distillation, if 
hluiken up with ether, may perhaps yield lactic and succinic acids. 

The residue of the distillation, after being freed from these acids, is mixed with 
htrong aleohol, till it becomes turbid, and left at rest. Sulphate of potassium then 
< rvhtaUises out>, and on repeatedly adding fresh portions of alcohol, more sulpliate of 
potassium, together with inosite, which must bo separated from tho sulphate of 
} otas.slnm, ns far as possible by mechanical means, and then by recrystallisation from 
li binall quantity of warm water. To obtain hypoxanthine and uric acid frotfi tho 
baryta-precipitates, viz: that which separated in films ut tho beginning of the process, 
and that which was produced by adding sulphuric acid to separate the volatile acids 
treat the united precipitates Avitii boiling potash-ley, filter, acidulate with hydrochloric 
jujid, rodissolvo the resulting precipitate in potash, and add sal-ammoniac. Uric 
acid is then precipitated ms urate of ammomum, while hypoxanthine remains in 
bolntion, and may bo oldaincd by evaporation os a yellowish-white powder. 

If the filtrate from tho coagulum* of albumin, after being evaporated to a syrup* 
•hwH not yield any well developed crystals, but after standing for some time, masses 
having a crystalline usjiect, soft and unctuous to tho touch, and apt>oaring under tho 
inioroscope as yellowish refracting spherules, tlio presence of leucine maybe sus- 
pected. These masses are then to be separated from the mother-liquor, w'hich, after 
standing for a longer time, deposits more of them, and tho entire product stron|!;Iy 
prcH.scd between porous tiles and purified by repeated crystallisation from boiling 
lilcoliol. If tyrosine is present, it covers the filtrate, after it has been freed from the 
iiJbumin-coagulum and evaporated, with numerous stellate groups of slender needles^ 
which for the most part remain undissolved when treated with alcohol. They may be 
dissolved in boiling water, whence they separate on cooling, — purified by solution Itt 
Jivdrocbloric acid, with addition of acetate of potassium, and boiling, — and then further 
examined. 

The mother-liquors from the leucine and tyrosine deposits ore examined as above 
for volatile acids, lactic acid, succinic acid, inosite, &e. 

Another process for the examination of animal tissues is given by Stiideler and 
C'loiHta : 

The extracts obtained by maceration and pressing are boiled with a few drops of 
aecqjc acid to coagulate albumin and colouring matter of blood, and the stananed 
liquul, after being evaporated over the water-bath to of its bulk, ia precipitated 
with Kubacetate of lead. The precipitate, which may contain uric acid and inosite, 

collected on a filter and washed ; the filtrate is freed from excess of lead by sul- 
phuretted hydrogen, and eviq^orated to a syrup ; the residue, which generally oontaine 
idkaline acetates, is freed from these compounds by digestion in cold weak aleohol; 
«njphurio acid diluted with alcohol is then added os long as a precipitate of alkaline 
*^*“phate8 continues to form ; and the excess of sulphuric acid is removed by carefhl 
addition of bazTta- water. The dear filtrate evaporated till it no longer becomea 
Krmanently turbid when mixed with an equal voliimc of absolute alcohol, is heated 
till the turbidity disappeara, and then left at rest. Any ciystals which teparate must 
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be farther examined; th^ may coneiet of creating ^ 
taurine, which last compound has lately been fa^d by €loetta ia thetassue of S 
hings. The mother-liquor of the ciystals, if carefaUy evaporated to a emaller bulk, 
deposits any leucine that may be present. 

The precipitate produced by subacetate of lead is TOshe^ suspended in water, and 
decomposed by sulphuretted hydrogen. If the liquid ^teredfaom the rndphide of lead 
deposits, after some time, small white crystalline grains, ^e^biting under the micro, 
scope the forms of uric acid, they must be collected and tomined for uric add by 
the murexide test (Uric Acid). The liquid filtered from the uric add is evaporated 
over the water-batli, till a sample mixed with alcohol becomes permanently turbid. 
The entire liquid is then mixed with an equal volume of alcohol, and warmed till the* 
turbidity disappears. If after some days, a deposit lorms on the hottom and sides of 
the vessel, consisting of crj’stalline masses, which, when reciysfcallised fiom water, form 
rhombic prisms insoluble in alcohol and ether, having a pure sweetish taste, and leav- 
ing no residue when burnt, inosite is probably present, and must be sought for by 
other tests. [Per further details, and for the quantitative analysis of animal substances 
see Lehmann, Lehrb. d. physiolog. Chem, 2** Aufl. Leipzig, 1863; Heintz, Lehrb. 
d. Zoochemie, Berlin, 1853 ; Robin et Verdeil, Traite de Chimie anat et physiol 
Paris, 1868; Gorup-Besanez, Anleitung zur zooebem. Analyse, 2** Aufl. Numberg^ 
1864.] 

JkVAZ.'YBTB (VOlbimCSTRXC) of X«ZQT]rXl>S and aoZiZl>S. The method 
usually employed by chemists to determine quantitatively the constituents of a mix- 
ture, consists in separating them out one after the other, either in the pure state, or in 
the form of some compound of known composition, and weighing the products. Every 
one who has occupied himself with such separations knows how much time they usually 
require ; indeed the value of an analytical result is very often much less than that ot 
the time and trouble spent upon its determination. We are indebted to the sagacity 
of Gay-Lussac for the introduction of a new principle in analytical chemistry, which in 
many instances obviates the inconvenience mentioned. This consists in submitting the 
substance to bo estimated to certain characteristic reactions, employing for such 
reactions liquids of known strength, and, from the quantity of the liquid employed, 
determining the weight of the substance to be estimated by means of the known laws of 
equivalence. Let us, for example, consider the problem which suggested to Gay- 
Lussac the idea of this method. Suppose it be required to determine the amount of 
silver in an alloy of silver and copper. The older analytical method consists in dis- 
solving a weighed quantity of the alloy in nitric acid, precipitating the silver as 
chloride by the addition of hydrochloric acid, then filtering, washing, fusing, and 
weighing the resulting chloride of silver. From the known fact that chloride of silver 
contains of its weight of silver, the amount of silver in the alloy is calculated. 
The same rasiilt is evidently obtained by preparing a solution of chloride of sodium of 
known strength, and ascertaining how much of the solution is necessary and sufficient 
to precipitate the silver as chloride of silver from a solution of a weighed quantity of 
the ol.'oy in nitric acid. The weight of the precipitated silver may be determined 
faom the amount of the chloride of sodium employed ; because it is known that 68*6 
parts by weight of chloride of sodium are exactly sufficient to convert 108 parts of 
silver into chloride of silver. ^ 

The liquid reagents of known strength employed in determinations of this nature are 
called ^^standard solutions.*’ The amount of standard solution employed in a deter- 
mination may be estimated either by weight or by volume; but inasmuch as the 
latter method has been found easier of application, it is now universally emplt^ed ; 
and hence tlie method of analysis based upon the use of standard solutions is c^ed 
**volumetrie analysis." At first glance it would seem that nearly all analytical 
methods based upon weight might be transformed into processes Iw volume, as in the ease 
of the silver determination above quoted. This is, however, not always possible. A reac- 
tion to be applicable in volumetric analysis must satisfy two conditions. ( 1 .) It must ppt 
occupy mu<m time ; precipitations, fur instance, which take place g^ually are at once 
to be rejected. (2.) The termination of the reaction must be recognisable with ease and 
eertainfy. Hence the number of possible volumetric processes is much limited. Ob 
the other hand numerous reactions inapplicable in weight-analysis famish eKeeUent 
means for volumetric determinations. 

It is proposed in this article to give a short introduction to rotometric ansljrii^ 
and far this purpose the subject will be divided into three parts : 

X. Desorption of the necessary apparatus, 
n. General rales far the preparation of standard solntions. 

HI. Desoriptioii of the most important volumetric methods as yet disooferadL 
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I Jppttfttiut: dei^HpiUmf un^ and wr^kation.^BeddaB the amratot Tnomuaj 
for (^anical q^tions^ sueh as beakers, basins, dec., tKa peribnnaaoe of 

Tolnmetric anafysiB requires: (1.) a ddieate balance and wekbts. (2.) Graduated 
irl^ Tesa^ for the measurement and preparation of the standard solutions. A balance 
M necessaiT for the preparation of the standard solutions, and for weighing the sub* 
Btances to be ^ 8^ analytical balance capable of weisbing 100 grammes, 

is quite sufBicient for botlymrposes. To those who hare many Tolumetric awyses to 
pcifomi, a small light sexmolebalance with short arms is of great use. Such balances 
admit of more rapid weighing than can be obtained by the ordinary laboratory 

The absolute magnitude of the units of weight and measure adopted, may of coune 
be chosen at pleasure. But the French decimal system of weights and measures 

many ^vantages, chiefly on account of the simple relation which it establishes 
between the units of measure and weight, that its employment in the sequel in all data 
of weight and measure needs no justifleation. 

In order to be able to measure the standard solutions accurately, certain precautions 
are to be obsenred which wo wiJ now proceed to consider more particularly. 

When an aqueous solution is poured out of a vessel, the vessel i% as is well known, 
never completely emptied ; a small portion of tlie solution remains always i^n the 
the sides, even after the vessel has been long held in an inclined position. In using 
a measure for liquids we must, therefore, be careful to note whether the dfy vessel, 
wlien filled up to a certain line, holds the required volume, or whether such volume is 
delivered from the vessel when it is emptied in a certain manner. In the first case 
the vessel is said to be graduated for the contents; in the second for delivery 
(d ricoulement). The reading off is performed by bringing the eye and the surface of 
the liquid into one horizontal line, and noting what division of the volumetric instru- 
ment is opposite to the liquid surface. Now aqueous liquids which are enclosed in 
cylindrical glass vessels, always show a concave surface, which is the more strongly 
cuived the narrower the vessel But a curved surface is of course opposite to man^ 
points of the scale at once. In order to avoid the ambiguities which are hero intro* 
duced a definite method of reading off must be invariably adopted. The following 
has boon found practically the best. A small piece of black paper is fastened a few 
millimetres below the suiface of the liquid by means of a caoutcliouc ring ; the instru* 
niciit is brought into an exactly vertical position, one eye is closed, and the other 
brought to the right elevation. The meniscus tlien ap|>ear8 by transmitted light, 
sharply bounded below by a black line, by means of which it is easy to see with 
what point of the scale the former coincides (see Anaxysis of Gabbs). In order to 
ensure a fixed point of sight tlie eye, the meniscus, and a distant horizontal line, of 
alx)at the same elevation as the eye, arc either brought into one horizontal line, or.the 
instrument is placed at a short distance before a vertical strip of mirror, and the eye 
is brought into such a position that the image of the pupil and that of the meniscus 
mi^ coincide as nearly as possible : the scale is then read ofiT. 

It must be mentioned tnat the volume of every body varies with the temperature^ 
and that consequently the divisions on a measure for liquids, as well as the strength 
of a standard solution, are applicable for one temperature only. The expansion of the 
glass is BO small that it may be always neglected in volumetric analyses. A glass 
vessel for instance, which holds a liter at 15° C. contains at 15° ± lOP, one litre + 
0*27 C.C.: now 0*27 c.c. ; are only the of a litre. The expansion of liquids lil 
great^, and must be taken into account in exact experiments. 

This is especially to be attended to when volumetrie instruments are to be graduated 
by determining the weight of water which they holA In this case the correction ihr the 
expa^ion of water by heat is not the only one to be made. Since one gramme is by 
definition the weight in vacuo of one cubic centimetre of water at + 4° C., tiie volume of 
a ^ven quantity of water in c.c. is never expressed by the same number as its apparant 
^ight in grunmes, even at •4-4°C. There is of course no necessity for empoyiim 
the real cubic centimetre in volumetric analyses ; but, as evezything connected witE 
weights and measures should be as precise as posrible, we think it advisable to use 
the words litre, cubic centimetre, Ac., in their strict sense.*^ We thecefere give the 
following table, by means of wluch the apparent weight of a certain required volume 
of water may easily be found. 


* Ilwrs are, ertn to tclealfSc reaesrebra, caaet fn which correct mesiares BiuflbesB»- 

t Ihr butaace, 1 Utrs of air of <P C. baa the welsbt of 1*3BS gnaa., ealr when Ite te a iiO B la 
•9U««lcut to tha pretatira of a nercurr columo 0*76 rraf metrea hlgfat tba litre tMiof the volwa# of a 
tuaiitfcj of water of C.» vhkb balaacM Si tscae tbe kilofremiae empktred. 
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The weight of 1000 c.c. of water of f C. when determined by . means of biaas 
weights in air of f C. and of a tension of 0*76 metres, is equal to 1000— x grms. 



When the barometer stands at 76 + w eentim., every x is to be replaced by x + 
0*014 The variations of atmospheric pressure may however be neglected, unless 
a very great degree of exactness is required. 

If the strength of a standard resolution is known for one temperature, the strength 
corresponding to another temperature can only be calculated, if the rate of expansion 
by heat of the liquid is known. It would lead to entirely wrong results if such cal- 
culations were founded on the known expansion of pure water, as experiment has 
sliown that even weak solutions of salts and acids expand far more than water 
(sec Gerlacli “ Specitiselio Gewichte der Salzlosungon, &c.,” Freiberg). As long 
. as the expansion of the commonly used standard solutions is not directly deter- 
mined, it is advisable to estimate the strengtli of such solutions not only by volume, 
but also by weight, which is easily done by weighing a known volume of the liquid 
immediately after its strength has been determined. The ratios of the weight of the 
solution to the weight of active substances in it, is of course independent of 
tempornturo. 

It is a matter of course that such corrections arc appropriate only where the errors 
from other soimces arc not greater than the corrections themselves. 

W'e may now proceed to describe the separate instruments. 

1. Pipettes . — Glass vessels of forms shown iwjufs. •!()* and 41, provided with a single 
mark upon tlic narrow neck, and whieli are only graduated for doliveiy. In using 
them, they are filled, at a little above the mark, by suction, and then closed above with 
the forefinger of the right hand. The lower point is brought in contact with a wet 
piece of glass; the liquid is allowed to fiow out, by very gentle displacement of the 
finger, as far as the mark ; and the finger is then removed, to allow it to run out into 
the vessel employed. The drop of liquid in the point of the pipette is to be kept in 
exactly the same condilious as during the marking of tlie pipette; i.e. it is either 
totally neglected, or it is partly removed by holding the point against the wet side of 
the glass, or it is to be blown out entirely. If the same method of evacuation be 
always faithfully followed, we may assume that, with all tliiii liquids, equal volumes 
remain adhering to the sides of the vessel. 

It is convenient to be provided with such pipettes containing 106 c.c., 60 c.c., 20 c.c,, 
10 C.C., and 6 c.t. Pipettes of 10 and 6 c.c. may conveniently have the form of fig, 41, 
latter ones the fonn of7%7.40*^. It seldom happens that we have to make pipettes our- 
selves, as they may be bought at a low price; but they should always be verified. 
Tins is easily done by filling them with water of a known temperature, pouring thb 
into ai tarod flask, and weighing. The volume of the water may then be found fSroni 
its weight by means of the table above given. 

2. Pipettes winch arc divided throughout their whole length and graduated for 
delivery. It is sufficient to have one of 60 c.c,, which is divided in half c.c, {fy, 42), 
and several of 2 to 3 c.c., divided into ^ c.c. {fig, 43). 

3. Ptasksy gnidiiutcd for the contents {fig. *44), in various sizes, from ^ litre to 
6 litres. They may be cjvsily mode by making an arbitrary mark upon the neck of 
the flask, and then measuring the volume by pipettes. It is more exact to weigh 
the contui nod water. It is convenient if, but not absolutely necesssair that, the volumes 
of these flasks should be whole numbers, such flasks being used only for the prepaia* 
tion of standard solutions. 

4. For moaswing tlie liquids used in an analysis the Inirette is mo^ generally 
employ^ This is an ingenious instrument invented by Gay-Lussac. Upon a g^lass 
tube {fig, 46) about 16 — 18 mm. wide and 30 centim. long, a narrow tube is fused at 
carried up close along the wide tube to about 2 ctm. from its upper end, and there 
(i^t e) b^t and cut off in the manner shown by the figure. Tlie divisions of } c.c. 
begin about one ctm. below c, and the instrument is graduated *♦ for ddivery.” .{a nniig 
the burette it is washed out with some of the standard solution, then filled to 
point c is slightly gn»ised, and the required quantity of liquid is poured out Of tho 
narrow tube. 

After tome practice it it eaay to allow the liquid to flow out either in a sCfevam 





*ndiapB> The not be read off the rai&ee baa attained a ecwBta^ 
tenths of oubio centimetres may, after some pra^ce^ be easily judged of by 
f h eve in burettes graduated to half cubic centimetres. It is erroneous to suppose that 
owntLr accuracy is attained bv eini^ymg narrower tubes. The gain in accuracy due 
« the increased distance of the mvisions is lost, because in narrower tub^ the 
^cus is less idiarply defined, and the quantity of liquid adhering to the sides is 
constanti A burette>of the dimensions given, contains 50 to 60 c,c., an amount 
M than sufficient for most analyses : larcer burettes ore inconvenient. If more 
t? an 50 c e. liquid are required in analysis, the greatest portion is measured off in a 
tte (40*.) and the remainder added fifom the burette. In oases where greater 
acvmacy is required than can be attained by the burette, the latter is replaced by the 

'^Mo^^h^BiS^tutod for Gay-Lussac’s burette a simple divided tube (Jiff, 46),,prO* 



vidcd below with m caouUfiiouo tube, which is closed by a spnng clamp (Jiff. 47) 
( U^ffUch-Hahn) made of brass wire. Where a great numl^ of analyses of the same 
hind have to 1^ performed, Mohr’s burette is much to be preferred to Qay-Lussao*i. 
In scientific lalmratories, however, where a greater diversity of analyses occm*, the old 
lorm is pzefi^ble, inasmuch as caoutchouc is acted upon by some solutions which 
‘^J^ucntly employed. , ; 

The verification of a burette is perfbnned either the belanee or by the pipettes 
wcribed in (l> 


n. AigwnUfbfi of th$ Standiord 50ihf<i^.-^t8]idsid solutamis may be divid^ &ta 
0 ) suqk ss are immediately paa^ared by s substsBce of 

oiseolvii^ it and to a eerteia vidsme ; J^) eoch as m prsMied br eppMSf* 

nusture ai^ subsequent exact am^ysis. The preperstioB of 
VoL, L 8 
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quiiw no dwkaiption. The ^pomtion of the s^d may be efiwted by « ^ 

8UCC6£Psiy6 apppoxinifltioii, which, is best described b^ au 6XAinpI& ^ ^ 

Jjet it be required to prepare a standard solution of* sulphnnc acid containing t 
grammes of hydrate of sulphuric acid in 1 litre. The table given by Bineau of 

the relation between the specific gravity and streri|^h of sulphuric acid affords the best 
means for determining the strength to the first approximation. Pure sulphuric acid 
(monohydrate, SO*H*) is diluted with about its own weight of water; the mixture is 
allowed to cool, and its specific gravity is quickly and accurately determined by measur* 
ing 100 C.C. in a pipette, weighing this, and dividing the weight (in grammes) by 100. If 
the tomperaturo be observed, the percentage of monohydrated sulphuric acid (p) nniy 
be determined by the table, to within a hundredth of its true value. According 

to the result of tliis determination every 1 100 =* a grms. of the solution are di- 

P 

luted with water up to 1 litre. Prom Bineau’s table (see Suij»hckic Acid) the 
specific gravity (jS^) of the required solution may be seen. To every g grms. of aciil, 
1000 8 — q sz, w grammes of water have to bo added. An analysis performed with 
this mixture generally shows that it contains not t but grms. in 1 litre. Two cases 
are now possible : 

(1) 18 greater than t. It is clear that the quantity of sulphuric acid contained 

in 1 litre is suflScient for -1 = (1 + A) litre. With every 1 litre of the mixture, 
A litre of water must be mixed, in order to bring it to the right strength. (2) 0 is 
less than t, From^' grms. of sulphuric acid only -- =» (1 — A) litre of standard solu- 
tion can be formed. Heneo 1 litre of our mixture may be regarded as a mixture of 
(1 — A) litre of right standard solution and A litre of water. Ilcncc to every litre of the 
solution as much of the acid of p per cent, must bo added as is sufficient to form the 
right standard solution, with A of litre water ; and since by mixing q grms. of the p 
per cent, acid with w grms. of water, we had obtained a mixture of nearly the ri^^ht 
strength, it follows that the quantity of strong acid which must bo added to every litre 

is ^ 5^ grammes, neglecting an error which need not be considered, if A is a 

small fraction. 

After perfoming these operations, we must determine by experiment how nearly 
wo have arrived at the required strength, and, if necessary, make a second cop- 
rection. If the corrections required arc grout, it will bo almost invariably found, 
on performing the analysis, that the strength required has not been exactly attained, 
however carefully the mixture of the liquids may have been made. This is the case 
even if the above described approximate synthesis is replaced by a theoretically exact 
one, this cause of the inaccuracy being, that in the measurement and mixture of large 
quantities of liquids, small errors of measureraent and losses are difficult to avoid, and 
that the contraction of the mixture has been neglected. If, on the other hand, the 
solution to be corrrected is ^re^y so nearly riglit, that its strength differs by only 
1 or 2 per cent, from that which is required, the result will be satis^tory, even if the 
volume of the liquid taken was only approximately determined, provided the analysis 
was performed accurately, and the measurement of the small quantities of water or 
acid which were added, were made with sufficient care. 

If, for instance, we consider the case (1) and assume that the volume of the add to 
be corrected was found to be n litres, while in fact it was n (1 + «) litres, the quM- 
tity of water to bo added would then be, not n A litres but n A (1 4 * a). The restuting 

volume of the mixture would accordingly be too small by nA(l + a) 7 zA»nAa. 

for instance, it is found that a » wliich seldom occurs, if moderate care is employed, 

and A * then the volume of the mixture would be n Yuf* litres too sim^ iwd 
eonmuentlv the amount of sulphuric add in 1 IJtre would be too large by about 
of its actum quantity. Similar considerations are applicable to case (2), and leaS to 
A • ^ preparation of large quantities of liquids, according to the 

method just desenbed, large measures accurately divided are not neceBsaiy* pw>* 

Msee are c^venicntly performed in large cylindrical bottles, which are divided down 
me side wim di^sions corresponding to entire decilitres. Aa the liquid in eufi^ cww# 
ono vessel to the other till it is quite prepued, Ions is esdl|r 

s^ngth of a sefiution is best noted by giving the number (n) of grsmine^ 
•toms of the active substanee which it cont^s in 1 litre. By " gnuikaMH^ ; 
ug nadem^d a number of grammes equal to the atomie weight of the 
iu . w***^*®^* 10® grammes silver. 28 iron, 88-6 chlorine, fte. It is itertM 

t&e eaiciuations are hereby simplified. For instance, 1 litee of solutioik of siliMda^ 
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tAining fi tttomfl (— « x 108 grms.) of Bilver oxactly preoipitatefl n x 85*5 gnne. of 
clilorme, n x 80 grms. of bromine, n x 127 grms. of iodine. It is also evident that 
calc^ation will be facilitated by making n a small number. If it can be done without 
loss of time, it is in fact advisal^ so to atyust the strength of the standard solution 

that 1» ^ 

It is of the hipest importance that the standard solutions should remain of constant 
etrcn^th. To ensure this condition, they must be carefully protected from evaporation 
and other hurtful influences. Large quantities may be preserved in bottles of 1 or 2 
litres capacity, provided with well ground stoppers. Bottles which' are not in daily 
use sliould have have their stoppers greased and bound over with bladder or sheet 

caoutchouc. 

III. Description of the most important Volumetric processes hitherto employed,— » 
Amon^ the many volumetric methods hitherto dilscovcred, those only are of general 
Bcientiiic interest by help of which the analysis of a whole series of bodies can be made 
with one, or at least, a few standard solutions. These alone will bo more particularly 
considered here. For the many methods applicable in special cases, reference must be 
ina<lc to the several articles of tliis work. 

Volumetric determinations may be classified os follows, according to the principles 
on wliich they ore based : — 

1. Analysis by Precipitation, — The quantity of the substiinco to be determined, is 
derived from that of the reagent required to separate it out in an insoluble state. 

2. Analysis Ijy Stituration, — The quantity of a base or an acid is measured by the 
quantity of acid or base which is necessary to convert it into a neutral salt. 

3. AnaJiysis by Oeeklatimi and Heduction. — ^The quantity of substance to be deter- 
mined is found by the quantity of chlorine, bromine, iodine, or oxygen to which it is 
equivalent (regarded as oxidant), or by the quantity of chlorine, bromine, iodine, or 
oxygen which it requires to pass from a lower to a higher stage of oxidation. ' 

1. Anaj.ysis by Prectpitation. — Of the numerous methods belonging to this divi- 
sion, we will here consider those only which depend upon the insolubility of the com- 
binations of silver with the halogens (chlorine, bromine, iodine, cyanogen). 

If the neutral or slightly ocid solution of a chloride, bromide, iodide, or cyanide, 
is mixed with a solution of nitrate of silver, it is well known that an insoluble chloride 
bromide, &c., of silver is precipitated, while a nitrate remains in solution. For 
instance 

NO»Ag + ClNa « ClAg + NO*Na. 


All those silver precipitates have the common property of forming, on violent agita- 
ti<m, a curdy mass which rapidly subsides. Hence it is possible to recognise exactly 
the point at which the precipitation is completed. The reactions mentioned may, 
therefore, be employed, on the one hand, to determine chlorine, bromine, &c., by 
means of a standard silver solution, and on the other, to determine silver by standard 
solutions of chlorides, bromides, &c. 


f^pecial processes for the determination of Hydrochloric Acid and Chlorides, 
Necessary reagents. 

1. Chemically pure silver in the form of foil or wire. 

2. A silvCT solution (nitrate) containing ^ gramme-atom (10*8 gnn.) silver in 
1 litre. It is easily prepared by dissolving 10*8 grm, of silver in excess of nitric acid 
and diluting to 1 litre, 

3. A solution of g^.-atom — 1*08 grm. silver in 1 litre, 

4. A solution of cnloride of sodium of>^ grm.-atom (■» 6’86) in 1 litre. 

a. 6*85 grm. pure recently fused chloride of sodium is dissolved in water and diluted 
litre. 


b. A solution of chloride of sodium saturated at ordinary temperatures, has a com- 
position almost independent of the temperature : it contains in 1 litre, 318*4 gnu. of 

Nafcl, 18*37 C.C. ^ 1 gives accordingly the standard 

solution required. 

The chloride of sodium solution must, if properly prepared, be exactly equivalent to 
the silver solution (2). We must never neglect to try whether this is really the case 
by the meth^ to be described bdU>w, and if necessary to make the proper correetiona. 

5. A solution of chloride of so^um containing yj* g;nii.-atoni in 1 litre 0*585 gnn. 
/of* prepared chloride of silver ; this is obUined mixing equal volumes of 

(4X shaking vigorously and pouring off the dear liquid. 

^J^^f<>rmanpe of ike Analysis, — liSt us at fl 


^ first assume thiSt we have mi 1 . 

Knowledge of the amount eA chlorine in the substance to be eimmlned. In this < 
a weight quantity is introduced into a bottle of dear g^ass with a wslUfittin|f steppei^ 

s2 
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diawlred in water or nitric acid, and the pre\’ioiisl 7 calculated quantity of stronff 
solution of silver (2) is added from a pipette. ^ The quantity of substance, and tliiS 
of the water employed in its solution or dilution, are to be so taken that 100 c.c. of 
the mixture may contain 0’4 grm. to 1 grm. silver^^iuid less than about 3 gms. of the 
dissolved salt^ If a mixture has to be examined which is poor in clilorine, this rela- 
tion is no longer possible. In such cases, enough froshly precipitated chloride of silver 
(6) must be added to bring the quantity of silver present up to that mentioned. Small 
quantities of silver-precipitates disseminated through much liquid do not evince that 
adherence and consequent tendency to subsidence which is necessa^ for the accurate 
performance of this mode of analysis. Solutions which are poor in chlorine, such as 
mineral waters, must be concentrated by evaporation previous to analysis. It is also 
advisable in such cases not to employ a standard solution of silver, but to weigh 
metallic silver and dissolve it in a minimum of nitric acid. 

The mixture obtiiinod as above is now to be violently and continuously shaken, till 
It has lost its first milky appearance, and forms a mixture of curdy chloride of silver 
in tlie midst of a clear solution. A speedy clarification is evidence of an excess of 
silver ; slow subsidence indicates the revtu-se. 

As soon as the chloride of silver has sufiiciently subsided, § c.c. of strong solution 
of silver must be added, in order to determine whether chlorine is still present in the 
solution. If no precipitation occurs, the J c.c. silver solution is neutralised by the 
addition of 4 c.c. solution of chloride of sodium ; the liquid is then shaken, and J c.c. 
of solution of chloride of sodium being added shows whether silver is in solution. Let 
us assume, for example, that the addition of the chloride of sodium has shown the 
presence of silver in considerable quantity. The amount of solution of chloride of 
sodium, which is exactly equivalent to this, cannot of course be known ; but in every 
case we are sure of the existence of some maximum value (V c.c.) which certainly 

includes it. X c.c. of chloride of sodium solution is then added, the mixture is shaken, 
and ^ c.c. of the same solution being added sliows whether the precipitation with the 
first quantity was complete or not. In the fii*8t case, ~ c.c. of silver are added; in 
the second ^ c.c. of cldoride. In both cases, the completion of the precipitation is 

tested by the addition of J c.r. of test solution. 13y continually adding half the 
nossiblo maximum of the necessary reagents, we soon an*ive at a point when less than 
J c.c. of one of the two solutions is present in excess. When this point is arrived at, 
cubic centimetres are added singly of the weaker atomic) solutions, until the last 
cubic centimetre leaves the liquid quite clear. This last c.c. is not at all considered, 
and the one preceding it is considered only of the value of J c.c. In this way, a result 
is obtained, the error of wliich corresponds to less than i c.c. of the weak standard solu- 
tion. It is easily seen that a systematic procedure like that given is quite essential, in 
order to arrive quickly at a result ; by planless addition of standard solutions, we may 
lose much time without arriving at any result. As long as ^ atomic solutions are addcci, 
it is scarce^ necessary to wait for a complete subsidence of the precijjitate previously 
formed. The white cloudy freshly precipitated chloride of silver is easily distin- 
guished from the previously prccipitat^ violet-coloured, and coagulated ehloride. 
As soon, however, as we b^in to work with atomic solutions, we must always wait 
for the complete clarification of the liquid before adding a fresh quantity of solution. 
Weak precipitations are best seen by holding the vessel against the light, with a piece 
of black paper obliquely behind it. The precipitation can be considered complete only 
when the last cubic centimetre of solution gi\-es no more turbidity after | to I’minute’s 
standing. 

Thoso who make such analyses for the first time, will do well to place in several 
flasks some chloride of silver (6) and 100 c.c. water, then add to the several flasks 
If 2 milligi^mmeB of silver; shake, and after subsidence add to each flask 1 && 
of the atomic solution of chloride of sodium. By this means the judgment 
greatly awdsted in the subsequent actual reactions. 

Bxperience has shown that it is not expedient to work with less than } grm. of silver 
St once, and that no greater accuracy is obtained by adding less at once than 1 C.C. of 
atomic solution ; the termination of the reaction is thereby only rendered moni 
indisBmet. 

If it be desired to arrive at the utmost accuracy in such determinations, a seeond 
S2ialyw may be made by dissolving 1 grm. or more of silver in nitric acid, adding tbs 
quanti^ of aobatance neoesaaty for its inocipitation, as found from the prendeaa 
analyai^ and eoin|d#tii^ the precipitation by means of the atomic s<duHoii. Tha 
determination of atomic weights, performed in this way by Mangnac and Paloas% ^ 
allows to what ae(mi^ the process may be brought. 

It haa heen hitherto assumed that the amount of chlorine in the sobstanoa ia aj^ 
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proximately known. If this is not the case, the definite determination must be preoeded 
Iv a trial upon s small quantily of the subatance. The more exact snch trial lb ifiadev 
the quicker will be the peifonziance of the final determination. 

The calculation of the analysis is rezy simple. The number of atoms of sQTer» 
cliiuinished by the number of atoms of chloride of sodium, added as standard solution, 
is equal to the number of chlorine-atoms containod in the substance. 

That which is here described for chlorine is applicable, mtUaiia mutandis, to bromine, 
iodine, and cyanogen. 

The determination of silver by means of chlorine also follows immediately from the 
al»ove, and requires no further explanation.* 

2. Anajlysis by Saturation, — methods belonging to this division depend upon 
the fact that potash, soda, ammonm, baryta, st^ontiu, and lime combine easily and 
tlin'ctly with acids, and that the corresponding car^nates are fully decomposed in 
contact with stronger acids, with evolution of carbonic acid. The solutions of the 
I cutral salts which the above named bases form with strong acids are without action 
apoii litmus, while the smaUost excess of acid or alkali is immediately detected by its 
ri dilening or blueing that vegetable colour. 

Riaffents. — 1. Pure anhydrous nu>nocarbonatc of sodium* If this salt be kept ready 
I’n pured iu powder, it mustalwnys be ignited before use. Carbonate of sodium, fused 
in a platinum crucible, and cast in slabs, is less hygroscopic, but its use must bo 
•avoided, since Scheerer has shown that carbonate of sodium loses on fusing a con* 
t-itleralde part of its carbon io acid, 

2. Standard solution of hydrochloric add, containing nearly or exactly 86’ ff grins. 
JlCl (1 atom) in 1 litre. This may be prepared in several ways, 

a. The most exact method is to determine the specific gravity of a sample of eon«* 
contruted pure hydrochloric acid, deduce its strength by means of lire's ttible t 
llYDUocHixmtc Acid, under Cut.orinr), add the proper amount of water and determine 
tA ficih/ the strength of the mixture by means of silver solution, as described in a pro- 
oe»Ung paragraph. 

l>. \ concentrated acid, whose strength is approximately known from its speciflo 
gravity, is so far diluted that it contains, as nearly as can bo effected by this means, 
*20‘2 pvr cmL of If the liquid so obtained bo quickly boiled in a narrow necked 

or in a retoi-t in contact with platinum (not in an open basin), a time soon 
arrives after which hydrochloric acid and water evaporate in the same proportion in 
which they are contained in the residue. If about one half be evaporated wo may be 
certain that the point mentioned is attained. The percentage strength of the residue 
tlcponds upon the contemporary barometric pressure, according to the foUowring tables 
d* rived from experiments made on this subject bv ^scoe and Dittmar. (Chem. Soc, 
<^u. J. xii.) 


0*73 

0-74 

0-76 

0*76 

20*30 

20-28 

20-26 

20*24 



Height of barometer in metres 


IVrccntage strength of 
residue in HCl 


It will be scon that in cases where the barometer stands at about 0'76, the percentage 
of IICI may, without incurring great error, betaken as 20*24. 180*8 gnus, of suck an 

acid are accordingly equivalent to 36*6 gr. of HCL 
c. Concentrated hyd^hloric acid of known specific gravity is so far dilated with water 
t hat it contains rather more than 36*5 HCL In a measured <|uantity ( Kc.c.) of this 
acjd, carbonate of sodium is dissolved m the cold in the proportion of 63 milUgrammes 
to every 1 c.c. of the acid. A few grammes of sulphate of sodium are then added^ 
and the whole is boiled to expel the carbonic acid. The sulphate of sodium is added 
te^prevOTt the evolution of hyorochloric acid. 

The liquid so prepared contains, besides the neutral salts, only the esoesa of acid 

M t»t^«Trbnitac*« method of determlnlos ■Hver h«« reeentlv been Imrettlcated by Mttlder (MsMuIdert 
^tberprobir-methode,*' ate., Leipslg bal Ha hu msda the tlnfulsr obearvatlon, that a 

mixiura of^rsactl j aquivalent quaotitiM of Ag and Nsd-tolutloD glvM pracipiCstss vib hath rssfMCi. 
Of cither of the two ftolntioot a quantity squtvslant to of the •llvmr Just pradpKsCad It to ba added, 

^nra tba forinaiion of nraelplucat eeaeee. Sum ba*. In the eoune of hfi detarmloetfone of atornlo 
■ BlnniUr olMervatIcm ; but aoeordlna to him, tha Hmtte of the state of Indfflbrent equU 
ara narrower. Them obaervationa ahow that In order to attain the hlgheet poeiibla deiree of 
•c^rccj, « atr^i, empirical procedure must be adopted. 

^ wboae Hrensth ta between twaoty end thirty par Mt. the yalaClon be tw eee B p e dHa 
Cvetity q, and percentafep^ le slm by the equBtlon>- 

p aa m (#«.|) 0'S. 
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whose qtuintity has to be determined in order to find the strength of our test'^cid; 
f 01 'this pnipose the mixtnre is coloured slightly red with solution of U^ust and 
ail iirbitramy diluted caustic soda solution is added while the liquid is hot» till the last 
drop causes a decided blue colour (without mixture of yiolet). The quantity of 
soda (f C.C.) required to produce the efiect is noticed^ On the other hand, a &Ked 
volume (v) c.c. of the test-acid is measured, and in exactly the same maimer, the 
quantity (fi c.c.) of caustic soda required for its neutralisation is determined. 

From the l^t test, we have found that 1 c.c. of the arbitrarily diluted soda is equi- 


valent to of our acid. Hence we had previously added ^ v c.c. more of this acid 


than is necessary for the neutralisation of FI 53 miligrm. of carbonate of soda^ f. e. 


( V of test acid would have exactly sufficed to 'neutralise the weighed 

i f . . ( vt\ 

quantity of carbonate of sodium. If, accordingly, we dilute ( ^ ^ ^ 


V C.C., then 1 c.c. of the mixture will contain exactly 1 milligramme-atom of HCl. 
In most cases, however, it is better not to perform this dilution, but to note that I c. c. 
jr 

test-acid contains / \ 36-6 milligrammes of HCl. 


3. Tist Sulphuric acid . — It is not necessary to have this as well as the hydrochloric 
test-acid. Nevertheless it has over the latter the important advantage of being wholly 
non-volatile when boiled in dilute solution. It can be prepared according to the 
method described for hydioehloric acid under (c). 

4. I'eat Cauatic soda^ which is, volume for volume, exactly or nearly equivalent to 
the test-acid. Carbonate of sodium is rendered caustic in the ordinary manner, and 
so far concentrated that the requisite strength is nearly attained. A small quantity 
more of milk of lime is then added, the liquid allowed to cool (the air being excluded), 
and the clear liquid drawn off by a syphon. For the exact determination of its strength, 
50 c.c. test- acid are poured into a porcelain basin, a few drops of litmus are added, 
and then the soda-solution is poured in from a burette till tho colour begins to deepen. 
A decided reaction is rcscovered by addition of 1 c.c. of test-acid ; about 2 grms. of 
sulphate of soda are then added (if hydrochloric acid is being employed) ; the liquid is 
heated to boiling, and soda is again poured in, till the liquid exhibits a distinct blue 
colour. Tho calculation of the result requires no explanation. 

5. 8oli(tion of Litmus . — Powdered litmus is digested in the cold with twenty times 
its weight of water, tho solution filtered, and so exactly saturated, that 1 c,c. of 
tho litmus solution diluted with about 100 c.c. water, is turned decidedly red by ^ c.Ci 
of tcst-acid, and decidedly blue by tho same quantity of test-alkali. 


Acidimetry , — Free acids in aqueous solutions, if these bo free from magnesia, 
alumina, and the heavy metals, and are not deeply coloured, may bo determined in a 
manner which will bo sufficiently clear from paragraph 4, If hot solutions are used, 
the caustic soda may without injury contain a little carbonic acid. But if we are 
compelled to work in tlio cold, in consequence of the presence of salts of ammoni^ or 
because the acid to be determined cannot bo prevented from evaporating by addition 
of sulphate of sodium, caustic soda must bo employed which is ^most perfectly firee 
from carbonate. But even in such case, the termination of the reaction is not so easOy 
recognisable as when the solution is warm. It is best detected by dropping in 
soda rather quickly and without intermission, till the liquid, after stimn^, remaiiis 
distinctly blue for some seconds. Tiie gradual change of this colour to violet is no 
evidence of tho solution not being neutral. Such change depends upon the subsequent 
action of carbonic acid upon the litmus. In the determination of weaker aeidi^ 
such as the organic, the same exactitude of reaction is not observed as occurs in tJie 
determination of sulphuric, nitric, hydrochloric, and other strong acids. It m^ be 
also noticed that many substances somewhat modify the blue colour which, u 
eriterion of completed rcEiction. In presence of many substances, such as ammoniscul 
salts, 5cc., the change of colour from red to blue does not occur so quickly and deddsdlj 
as when these substances ore absent ; and in a few instances, as when acetic acid is 
senti the real ^int of saturation is not reached until after the change of coloar.has taksa 
pllwe. In order to render the analysis in such cases as these, as accurate as possibly 
It Is advisable to make a control expenment under the same conditions as occur in tbs 
real determination. Thus, for instance, if the strei^^ of an acetic acid be reqpiired« 
it win not be sufficient to make an analysis in the orfUnarr way, because the nentnd* 
acetates of sodium and potassium have an alkaline reaction, and this wOl maA tbn 
tme point of saturation ; it is best, therefore, to prepare a solution of acetic add of 


* The cliaoft of colour U best ceea la a porcclaia hisin, or la a IU»k •Uadtof oa white fH> s a 
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Isovrn stMiigth'— by adding a knoini ausmtily of standard solpbnric said to ozcesa ol 
acetate of aodinnH and to determine how much standajrd soda-solution is necessary 
to biixig about a definite change of colour in acid solution. The stren^h of the 
aoda^ution being thus empirically determined with acetic add, the xeu analysis 
can be made without any inference to hypothesis. 

Alkalimeiry.--~C3.viBiic alkalis and their carbonates are easily determined in a 
manner which is so analogous to the method giren (2, c.) for the preparation of standard 
aci^ that a fuller description is unnecessary. If many such determinations are to be 
made, it is advisable to employ test-solphunc (not hydrochloric) add, and so to dilute 
the soda that it saturates the test-acid, volume for volume. If ammonia is to be deter^ 
mined, the reneutralisation by soda must be performed in a perfectly cold solution. 

Bnrtjta^ Strontia^ and Lime, and their carbonates, are determined exactly as the 
•!ic fixed alkalis. But hydrochloric acid must be employed and no sulphate of sodium 
oiiu be adJe^ otherwise sulphates of these earths are precipitated, and such prod- 
pifates influence the litmus reaction. If only a small excess of acid has been used, the 
cimmtity of hydrochloric acid lost by a boiling of short duration is very inconsiderable. 
If this excess of acid does not occur in the first analysis, it may bo made to do so in a 
second one (see page 117). 

3. Analysis by Oxidation and Kkduction. — It is known that most ele- 
meiits combine in various proportions with oxygen or its substituents ; that lower 
oxifles or chlorides ore converted into higher oxides or chlorides, by the direct or in- 
direct addition of oxygen or chlorine; and that these higher compounds often give up 
a ]>ortion of their oxygen or chlorine when in contact with reducing agents. Amongst 
the innumerable reactions of this kind, ail those can be employed which occur quickly, 
and in which the termination of the reaction may be recognised with distinctness. 
Amongst tlie numerous methods of volumetrio analysis of this kind hitherto pro- 
)>os4;d, we shall mention only the most important. These may be divided into 
two classes: («) those in which permanganic acid ia the oxidant, — (6) those in 
which iodine acts as oxidant. 

( a ). 'With Permanoanic Acid : 

I. Ih'ttrmivation of Iron , — If a solution of permanganate of potassium be added to 
a strongly acid and dilute solution of a protosalt of iron, the Mn*0"K* gives up { of 
its oxygen to the iron, converting it into s(*squisalt, and is itself converted into a 
manganosum- and a potassium-salt of the acid added ; e, g. : 

Mn^O'^K* + 10SO*Fo + 8SO*II* « 2SO«Mn + SO*K* + 6(SO<)»Fe* + 8H*0. 

The deep pu^le red colour of the permanganic acid is continually destroyed as long 
as any protoxide of iron is present ; but as soon os oil the protoxide of iron is converted 
into sesquioxide, the next drop of the reagent, even if the solution is very dilute, gives 
a distinct rosc-red coloration. Hence it is clear that protoxide of iron may be 
dr.'t4’nnincd by means of permanganate of potassium. A convenient standard solution 
is obtained by dissolving about 8 grammes of the commercial crystallised salt in 1 litre 
of wafer ; 1 c.c. of sucli solution oxidises, according to the relative puriW of the salt, 
from 12 — 14 milligrammes of iron present in the form of protoxide. On account of 
tin's un^rtainty, and bc'cause the solution gradually though slowly decomposes, a fresh 
estiiniition of the strength of the solution must precede every series of iron deter- 
minations, For this purpose, 0*fi grm. of pure iron (thin hai^ichord wire is almost 
ii«>ri«M;tIy pure) is dissolve<l in a great excess of pure dilute sulphuric acid, the air 
bi'ing as far as possible excluded. Hohr recommends the double salt, SO^FeNH* <4 
3JHO, as a standard. The air-diy salt does not oxidise in air: it contains ^ of its 
of iron. The solution is then allowed to cool, and is dilated with water free 
from air to between 0*4 and 0*5 litres. Chameleon solutionis added from a burette 
to this liquid, till the colour, of the last drop no longer disappears. From the result 

is easy to calculate how many mUligrummes of iron are oxidised by 1 c.e. of the 
<wameleon solution. In order now to^termine the quantity of iron in a given sub- 
Htan^ so^ much of the substance as will oontain about 0*5 gr. of iron is dissolTed, if 
possible, in water or sulphuric arid ; hydrochloric arid should be used only when it 
oannot be avoided. If all the iron is dissolved as protoxide, the aolution is diluted 
to about 0*4 or 0*5 litres, and examined just as was done in the .case of the standard 
eolatiQn*above deserih^ If the iron is present partly or wholly as sesquioxide^ this 
mvious to the dllutioD by boiling with sine free ^m iron, m completely 
muced to the state of protoxi4*» reduction may be considered complete when 
the Mluiion has become completely or nearly colourless. If ai^ metals such as 
^ hereby preripitated, thqr must be removed % ^niek flltzatiou 

That the detcora^^ion may be accurste, it is necesssiy— 1. That ths srintioii be 

s 4 
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TeE 7 dilute, in order tliat the yellow colour of the sesquiozide of iron foi 
interfere with the distinctness of thd reaction. If hydrochloric acid 
water than usual must in general be added, because in concentrated solutu 
chloric acid reduces permanganic acid. 

MnW + 14HC1 - 7H*0 + lOCl + 2MnCl* 





2. An excess of acid — ^if possible, of sulphuric acid — must be present. tHie 'i 
this is not only to make the colour of the sesquioxide of iron faint, but also to j 
the oxygen of the air and the small quantity of air in the water used for the C 
from exerting an oxidising action during the operation. 

It is scarcely necessary to mention that protoxide of iron may in this ; 
determined in the presence of sesquioxide. The principal advantage of \ 
mination consists in the fact that the presence of many substances, which often { 
implicated weight-analyses, does not interfere with its simplici^ and accuracy.;’ 

the uron contained in ferrocyanides may be determined by means of ] 

potassium. 

The behaviour of permanganic acid towards protoxide of iron maji^ i^ 
indirect estimation of many substances which are capable of oxidising pi„ 
iron. It is only necessary to allow the substance to act upon a knoinii ^ 

iron in excess dissolved as protoxide, and to estimate the amount of CKrotoatntfteaeted 
upon, in the manner just described. Free chlorine, the active chloruie in^wh>ride of ^ 
lime, the higher oxides of man^ineso nitric acid, &c., may be determined in thii^ 
way. We shall subsequently discuss other and better methods of estimating these 
substances, and wiU not therefore here enter into further particulars. 

2. Determination of Cojtper. — The solution of the substance in water or nitric acid , 
is mixed with a qnantity of tartrate of potassium and sodium sufficient to ^ 
precipitation by the subsequent addition of an excess of caustic potash. The 4 
iiquia is heated to boiling, and milk-sugar is added, till all the copper is 
as suboxide. This is collected on a filter, washed with hot water, and^ 
together with the filter, in strong hydrochloric acid and chloride' of sodiUmT^ 'The 
resulting solution of 2NaCl + Cu^CI®, is to bo diluted and troutod with permanganate 
of potassium, as in the determination of iron. The filter, if the operation be qul4^y 
performed, has no action upon the permanganic acid. Sinco in this reaction i 
of copper bike up one atom of oxygen from the permanganic acid, every voluu 
our solution will oxidise as many atoms of copper (317 gnus.) as U aoes j " 

(28 grms.). 

6Cu*0 + Mn*0’ « JOCuO + 2HnO 
and lOFeO + MirO’ = 6Fe*0* + 2MnO, 

3. Determination of Oxalic acid. — ^Wlien oxalic acid and permanganic acid aas 
brought together in acid solutions, the former is oxidised to carbonic acid, the latter i 
reduced to protoxide of manganese, which unites with the acid present : 

+ 6C»H*0^ + 2SO*H* - 10CO» + 2SO*Mn + 7H»0. i 

Henc& oxalic acid may be determined by means of pe^anganate of potassium ^ a dilute . 
solution containing an excess of free sulphuric acid, in a manner exactly similar to 
that described under iron. For the determination of the permang^ic a<dd, either 
air-dried, crystallised oxalic acid, C’H^0* + 2H*0, or pure iron, is emp2gj)||idr A 

of test-solution which oxidises x atoms (x . 28) of iron, will convert ^ etosiis pf 

acid (x : 31*5) into carbonic acid and water. ; • 

The behaviour of permanganic acid towards oxalic acid may be emplcj^ the , 
valuation of commercial peroxide of manganese: 1 grm. of tiie Viry powder^ r 
peroxide is mixed with a weighed quantity (about 1*5 gramme) pf "ciystamsed oxaHs^^ 
acid and a considerable excess of pure mlute sulphuric add, and wanned 
peroxide of manganese is decomposed. Water is added, the solution allowed to 
and tlie excess of oxalic acid determined as above : 1 atom of peroxide ^ mangidkiipr^! 
transforms 1 atom of oxalic acid into carbonic acid : 

MnO» + + SO«H* - SO«Mn + 2CO* + 2H»0. 

(5). MbTHODS IK WHICB loniNS ACTS AS OXIDISIKa AOBNT.--^^ 
aqueous solution, in presence of oxidable substances, often acts upon the 
water so as to form hydriodic add with its hydrogen, while the oxrgeiu ~ 
substance nresent. Now as the smallest quantity of iodine maybe re , - 

property of blueing starch-solution, whereas hyctiodic add and the ieiiidi^Mi 
actmn upon standi, the substances mentioned may often be determined by tiuxipg 

* The determtoatlon of nitric acM beenme* exact onijr when the reeeiton taketplaoefn ani 
of byfirogen, hut thl* precaution bdng taken, oxkllae* exactly 19Fa (Freteniua.> 
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Mtotm iohitlpitt with staPch-Bolution, and then adding a standard solution of iodine 
iodide of pcftassium, untd permanent blue coloration occum. In order that this 
Mction may succeed, the substance to be oxidised must, even in veiy dilute solution, 
pogsefB the property of decolorising the iodide of stardi which has been locally 
Emed, For examples of determmations of this Idnd, we will take the following. 

U^svlphurous add, as potassium-, or sodium-salt, in neutral or alkaline solutions 
^lade alkaline by bi carbonates of the nlkalis), acta upon iodine in sudi a manner 
tfltratbionates of alkalis and metallic iodides are proouced, 

2S*0*Na« + 21 « 2NaI + S^O«Na* 


j^i^ious aoidt in the form of an alkali-salt, is convei’tod by iodine into arsenic acid, 
'In n iolutiori made distinctly alkaline by carbonate or bicarbonate of an alkali-metaU 
V must be added till the iodide of starch formed is no longer decolorised on the 

additiou of bicarbonate of sodium ; 4 atoms of iodine (608 pts.) oxidise 1 atom of 
. mnmrioui acid (198 pts.) : 

. % ^ V As^O* + 41 2H«0 « 4HI + As*0^ 

may be determined like hyposiilphurous acid in solutions rendered 
. ieebly alliiiiUi by an alkaline carbonate. The product formed is sulphuric acid: 

" ^ SO* + 21 + 2H»o « 2ni + soap. 

If we eSdeavour to determine free sulphurous acid by iodine, very divergent results 
are obtain^ when the solution is strong. In such cases, tlie quantity of sul- 
phurous acid, converted into sulphuric acid varies very m\ich, according to the quantity 
of water present and the rapidity with which the iodine is added, ■ If, however, before 
adding the iodine, the solution is so far diluted with water free from air, that less tliau 
0*4 grnu-rCf sulphurous acid is contained in 1 litre of water, the reaction, 21 + 2H*0 + 
S0*'iSfc 2IiJ + SO^ll*, occurs with perfect regularity. 

‘Hw^jrircumstances under which this reaction takes place, were determined by 
Ihins^ii ^Ann. Ch. Pharm. Ixxxvi. 266), and applied to a series of very accurate volu- 
metric determinations, the most important of which we shall hero explain. 




Analyses hy means of Iodine and Sidphurous Add» 

— 1. Pure iodide of potassium. 2. Pure liydrochloric acid. 3. Freshly 
prcpai^ thin, veiy clear starch-solution,* A dilute solution of iodide of potassium, 
roixilililith stsVeh and hydrocldoric acid, must give a mixture which remains colourless 
forwiflpal minute. 

4. A standard solution of iodine in iodide of potassium, 6 gnus, of commercial 
iodine, and 10 to 12 grais, of iodide of potassium, are dissolved in about 20 c.c. water, 
and as srion as all the iodine is dissolved the solution is diluted to 1 litre. 

6. A solution of sulphurous acid in distilled water. This must be S 9 diluted that 
jibiiit 10 volumes of it are necessaiy to decolorise I volume of the iodine-solution (4). 
This solution should be prepared in quantities of 10 to 20 litres, and allowed to stand 
about an hpur excluded from the air, before use, so that the oxygen contained in the 
dissolved air may be absorbed by the sulphurous acid. It may be advantageously 
kept in an earthenware vessel, prfivided with a tap at the bottom, and a tine drawn 
out tube above to allow the air to enter. The strength of such u solution may be 
considered as ciiQs^a&t during the performance of one analysis. 

The flrst queitloKi is to determine exactly the strength of the iodine-solution, already 
approximately known. *>If w-c had a small quantity of perfectly pure iodine of known 
this might bo easily done by comparing such iodine with the standard-solution 
hy means^ hf tfie same sulphurous acid. Such a quantity of iodine to serve as a 
tn^snre, is obtained by boiling between 200 and 400 tniiligrammcHf ( "■ A) of pure 
tohydrous bichromate of potassium with fuming hydrochloric achl, and collecting the 
^olved chlorine in a solution of iodide of potassium (for one part of the bichromate^ 
f.r^ 20 parts iodide of potassium are employed). 1 atom ( 294*8) of bichromate ' 
ubscates under these circumstances 6 atoms of iodine (6 x 127’01: 

Cr*K*0» + 14HC1 - 7IPO -r 2KC1 + Cr*CP + 6a 
6C1 + 6KI - 6KCI -I- 61 

f® perform this operation without loss, the following method is adoptenL 
. .tube of about 4 — 6 mm. internal diameter, a bulb of about 30 c.c. capacity 

f flaak is thus obtained of the form shown in Jig, 48, To a short piece 

of tttbi^ a longer and narrower tube is tuscxl, drawn out at d, and l>ent as 

snown iD^ the - If the neck of the flask and the adapter-tube be ground flat and 

coimected with eamitchoiie, in mich a manner as to bring them close togetifier, an appa* 

AM When aitersd and Mturstad with chloride of »odlU0i, ta»f be tkepl a kmf time wlih. 

(llobr.) 
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ratos is obtained for the evolution of chlorine, which is scarcely iic^or to one 
sisting wholly of glass. The caoutchouc tobe before use must be freed from adhering 
sulphur by boiling with very dilute caustic soda and thorough washing with water*™ 

A retort of about 160 c.c. capacity {fig, 49) serves to hold the soluuon of iodide of 
potassium. The neck of the retort is widened at a, to receive any solution driven 
bock by the expelled air. In order to make the determination, we Iring the hi*> 
chromate of potassium into the dask, which is then filled to | with fuming hydro* 
chloric acid; the delivery-tube is attache^ and placed so far in the retort ^edhp 
to the commencement of the neck with iodide of potassium solution), that the chlorine 
which is not imm^ately absorbed must collect at h. The flask is first gently heated 
till the decomposition is complete, then more strongly, in order to drive over every 
trace of chlorine into the iodido of potassium solution by means of the gaseous T^ter 
and hydrochloric acid. The retrogression of the iodide can scarcely take plM if 
some care is taken, because it can only occur very slowly, in consequence of the small 
volume of the apparatus and the fineness of the point d. After the hydrochk^ acid 
vapours have been evolved for about five minutes, it may be assumed that'-all the 
chlorine is expelled. Without discontinuing the boiling, the dellveiy-tulM with* 
draivn from the retort, and the vapours are conducted into some fresh solufion of 
iodide of potassium, tlie boiling being continued for a few momenta longer. If this 
solution remains uncoloured, the operation may be regarded as sueoessfiil. 

The contents of the retort (coloured deep brown by iodine) are quickly cooled, and 
poured out into a beaker glass, and portions of 400 to 450 c.c. of the dilute sulphuitms 

acid are successively added, without 


Fig. 48 . 



Fig, 49 . 


loss of time, until the liquid is 
colourless. The measurement of the 
sulphurous acid is effected in a flask 
which contains, up to a mark on its 
narrow neck, from 400 to 460 o.c., 
but whose capacity need not be ac- 
curately known. The flask is rinsed 
out with the sulplmrous acid, filled 
up to the mark, and emptied in a 
definite manner, which should be 
strictly adhered to during the sanie 
analysis. Direct experiments have 
shown that tlie volume of the liquid 
delivered is sufiiciently constant. 

The liquid decolorised by sul* 
phui*ous acid contains an excess of 
this body. Starch and then noimal 
iodine-solution arc therefore added 
till blue coloration occurs. Let the 
volume of tlie latter necessary for 
this bo c.c. Immediately after* 
wards, ono^ of the measures of sul- 
phiu’ous acid previously employed is 
taken, and the volume (t c.c.) of 
standard iodine-solution aetemuned 
wliieli is necessary for its oxidation. If, then, the number n of the flasks of sul- 
phurous acid which were added to the iodido of potassium solution from the retort 
has been noted, the strength of the normal solution may be easily calculated. 

Let us call, for brevity, the contents of the flask the ** volume.** From the result 
of the determination just given, wo find that nt c.c. normal iodine-solution wete 
^ necessary for the oxidation of n volumes sulphurous acid. For such oxidation, f* c,c. 
of the same iodine-solution, together with the quantity of iodine product by tbs 
distillation of A milligrammes of bichromate of potassium with hydrochloric were 

also sufficient. This amount of iodine ^A, ^ 14/^} millg. is therefore equivideiit 
to (wf — <') c.c. of iodine solution. Uence 1 c.c. of the latter contains 



A X 3 X 127 


147-4 {tU - t') 
A X 3 


milligrammes of free iodine, or 

Tmilligramme-atomB offreoioditte. 


147-4 {ni - 

as all Bubaequent analyses depend njon these determinatioiis^ tiia lartif 
must be performed two or three times, and the mean taken of the tesoHi (whi^ 
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nearly agree). The mwt Turioiu analjeee may be performed by means of an ezaet^ 
determined iodine-solution. We will take the mllowing 

1. The determination of hypomlphunnu^ and atHwimu adds baa been 

ali^y described. 

2. Sidfhurett^ hydrogen may be determined similarly to sulphuroiia acid, in a 
solution containing less than 0*4 grm. in 1 litre; but from some unexplained cause the 
results are only amroximately exact. The reaction which here occurs is represented 
by the equation; jH*S + 21 «= 2HI + S. 

3. Petermination of Bromine^ and Chlorine. Iodine dissolves directly in 

a solution of iodide of pota^ium ; bromine and chlorine form bromides and chloridee* 
liberating an equivalent of iodine. The quantity of the latter is determined by adding 
excess of sulphurous acid (n volumes), then starch, and finally solution of iodine (t* ac.), 
until the well-known reaction occurs. If now i c.c. of iodine solution were necessaiy 
for the oxidation of 1 volume of sulphurous acid, the liberated iodine must be equi- 
valent to of iodine-solution, or the chlorine, bromine, or iodine must have the 

value of (nf — ^*)Z' milligramme-atoms. 

4. Determination of the Oxides of Chlorine which contain less than five atome of 

Oxygt n for two aio^ns of CMorine,^ All these substances are decomposed by iodide 
of potassium and hydrochloric acid in the following way : ' 

CPO- + 2a?HCl » + 2(;r + 1)CL 

The free iodine is determined according to (3). Commercial bleaching powders are 
tested for the amount of active chlorine which they contain, by treating them with an 
excess of iodide of potassium and enough hydrochloric acid to cause a slightlv acid 
Traction. Each atom of active chlorine liberates an atom of iodine ; 

CaCl*0» + CaCl» + 4IIC1 + 4KI « 2CaCi* + 2H«0 + 4H:Cl + 21*. 

5. CA/or^ca,-— -According to Pnnaen’s experiments, these salts when distilled with 

liydrochloric acid do not give up free oxygen, but only free chlorine and lower oxides 
of chlorine. If the products of distillation be received in excess of iodide of potaa- 
sium, the final result is the liberation of 61 for C10*H. Such iodine may be deter- 
mined according to (3).* * 

6. lodatcs , — One atom of free iodic acid decomposes with 5 atoms of hydriodic acid 
to 3 atoms of water and 6 atoms of free iodine (HIO* + 6HI *» 6I + 3H*0). 
'I’isifl reaction may serve for the determination of iodic acid. On the other hand, 
pure iodate of potassium may be conveniently employed for determining the strength 
of the normal iodine-solution. (Bunsen.) 

7- Mttnllic oxides ^ntaining a portion of their oxygen in such a state that it liberates 
an equivalent quantity of chlorine on boiling with strong hydrochloric acid, may bo 
(h trrn»int‘d by boiling them with fuming hymx>cljloric acid, collecting the chlorine in 
of potassium, and determining the iodine set free according to (3). To this 
(Nass belong all peroxides, the higher oxides of manganese, chromic acid, and other 
metallic acids, &c. &c. In analysing manganic oxides, a weak hydrochloric acid of 
about 20 per cent, must (exceptionally) be employed, because on using fuming hydro- 
chloric acid, dilorino is apt to escape. The calculation scarcely needs any explanation. 

1 he amount of free chlorine, if we retain the usual symbols, amounts to (nt — t*)T 
milligramme-atoms. Half this number of atoms of active oxygon are therefore 
present, and these stand in a known simple numerical relation to the number of atoms 
of the substance to be determined. 

8. J/rtai/w oxides which may be peroxidised by chlorine, are detormined by boiling 
t hem with a weighed excess of bichromate of potiissium and hydrochloric acid, receiving 
the excess jf chlorine in iodide of potassium solution, and determining it according 
lo (3). As an example of the calculation, let us take the determination of protomde 
of iron. Let the amount of bichromate of potassium employed be A milligraoimee'; 

^147^ milligramme-atoms), if iron had been absent, would have liberated 

mitligTammo-atoms of fbee io^e. If instead of this, we actually find only (nl — <•) T 
tniUigramme-atoms, then : 

- (nt-ti)r 

'i^gnunlne-atoma of chlorine most have served for the oxidation of the iron. Or : 


nMlhgtainmea of iron must have been present 

* IfperdilorlcacU were produced in tfcli rMcUen (sad Itt bos noC y«i town prevsS), 

s« srptted to chloratto, not firm secursU rentlf*. BtmMn, hi hi* IlMiiSIr, |^m satjr 
oeteniiliiiitkiii of dhlorst* of potwalua^ which, however, ofrcoi verjr w«ll with UuNMTf . 
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Haring become ao^iuunted tbe most imTOiiant rolometnc methods we nmjr 
now consider a point in connection with the calculation of the results. Xf a long series 
of determinations of the same kind have to be performed successively, the time neces- 
sary for their calculation is of great consequence, and it is important to consider the 
best way of simplifying it as much as possible. This may generally be effected by so 
choosing arbitraiy magnitudes which occur in the calculation, os the weight of the 
substance, the strength of the normal solution, &c., that the mathematical expression for 
the result may be as simple as possible. The following examples will illustrate this : 

1. A number of soda determinations have to be made with an acid which contains 

1*017 milligramme-atoms of sulphuric acid(SO*H’' = 98) in 1 c.c. If a milligrammes 
of soda be employed in the analysis, and if the volume of the acid used in neut^isation 
V .1. j ^ s 1017 s 62 X 100 ^ . 

be k C.C. then the soda contains per cent, of anhydrous 

If now 1’017 X 62 x 100 milligrammes of soda be weighed each time, 
IS = 1, ana the percentage of the soda m caustic 

fldda is ■■ kj that is, simply equal to the number of c.c. of the standard acid used. 

2. In the prerious division (8), wo have considered the determination of iron hy 
means of iodine-solution and sulphuroii.s acid. If t milligramme of the iron compound 
be employed for the analysis, the percentage (ar) of iron is derived from the formula 

t 3 A 


soda (Nb* 0). 
then the fraction 


2 X 28 X 100 _,«)rj 


in which the letters have the signification before given. It is clear that the calculation 
is considerably simplified if (1) 2' be a round fractional number, for instance, 

(2) if A bo made a simple multiple of 147*4, for instance, 6 x 147*4 milligrammes. 

(3) . By taking € so us to bo a simple submultiple of 2 x 28 x 100, for instance, 
80 X 28 raillignuiimes. — W. 1). 

AlffA&T8ZB (VOZiUMSTllZC) of GABSB. This branch of analysis baa 
of late attracted much attention from chemists ; but the chief improvements and de- 
velopments relating to it are due to Professor Bunsen. Previous to his researches 
on the HU>)ject, the processes adopted for measuring and analysing gases were so ex- 
ceedingly imperfect, the inaccuracies introduced so numerous, and even the reagents 
made use of so defective, thwt only the mo.Ht variable results could be obtained ; now, 
on the contrary, gases may bo analysed with an accuracy wliich cannot be equalled 
in any other branch of chemistry. So fur indeed as accurucy and simplicity of mani- 
pulation are concerned, Bunsen’s method leaves little to be desired ; but it is long and 
tedious, even a simple analysis requiring some days for completion. The necessaty 
calculations for the rc'duction and correction of the oijservations are also numerous and 
require considerable time and attention,* To obviate these inconveniences, several 
methods have of late been proposed, by which the composition of a gas may be accu- 
rately determined in a very much shorter time, and without the calculations formerly 
necessary. 

The arrangement of the subject adopted in tliis article is: first a description of the 
apparatus and general method proposed by Bunsen ; then that of the more recent and 
expeditious methods ; and lastly, the processes, wliich to a certain extent are common 
to all the methods, for separating and estimating the different gases. 

According to the method of Professor Bnnsen, the gases are collected and measured 
in graduated tubes over mercury. For this purpose, two straight glass tubes kre used ; 
one of them, which should bo al^ut 260 mm. long and 20 mm. in diameter, is termed the 
absorption -tube, and the other which is from 600 to 600 mm. long, and 20 mm. in 
-diameter, is termed the eudiometer (^s. 60, 61). The absorption-tube is pro- 
vided with a sort of lip as shown in the figure, to enable the operator to pass the gas 
easily out of this tube into the eudiometer. As this latter tube is the one in whicluthe 
combustible gases are exploded, two platinum wires must be fused into the cI<Med end 
of it, for the passage of the electric spark. This is done by strongly heating the end of 
the tube in the blo^ipe lamp, and then just touching it at the point where the wire is 
to beiXltti^uced, with a hot platinum wire to this the glass strongly adheres, and by 
tins means is drawn out to a fine thread, which, on*being cut off close to the eudiometer, 
ii to be hollow ; through this hole a platinum wire is introduced, and the glass 
eMrefoIly fhsed all round it. A second platinum wire is then by similar moans fimed into 
the opposite side of t he eudiometer. These wires should not projtMit straight across the 
tube, as' they are then apt to becosie bent and moved their proper distenea 

* For a m<if detallMl account of Bunien't method of analvKie, and tor ftiKber InfonnaHeo ea 
«e would refer the reader to Bunieu*a Gaioiuetiy,’* tnmatarod Igr BoseSfc 
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apart on filling 
eudiometer from ^ 
rjiem bent so afl to he against 1 
vires should be at the distance apart of about 1 to 2 m.ni. In order to ascertain 
vhethcp the wires have been properly fused in, so that the con- 

of the platinum and glass may be perfect and no probability Fit;, 60, Fig, 61. 
of leakage can occur, the eudiometer is filled and inverted in a 
juen uiy trough, and then, while held in a vertical position, sharply 
rapped against the bottom of the trough ; this communicates a move- 
mont tothe mercury in the tube, which sinking for a moment leaves 
a vacuum at the top, whereupon if the wires are not fu^-ed in abso- 
lutely air-tight, a row of small bubbles will be seen rising from the 
defective point. 

Having proved the tube to be air- tight, the next operation is to 
ptch, by means of hydrofluoric acid, a millimetre scale on it and 
on the absorption-tube. This may easily be done by the following 
pi-ocoss, wliich was also suggested by Professor Bunsen. The tube 
to lie etched is heated up to the temperature at which bees- wax 
melts over a fire, being held by means of a stick which passes 
through a cork fitted into the open end of it. The tube is tlien 
r*f>Yt*rcd as uniformly as possible with melted wax, which is best 
Hone by painting it all over with w'ax, by means of a brush 
or feather. During the cooling, it should bo eontiniially turned 
muiul in the hand, so as to keep the wax ^millydistributed over the 
wiiole surface. If the tube when cold is found to bo completely 
covered with wax, it is then ready for etching. 

Fig. 62 represents the apparatus used for this puipose, a it is a 
taljle or large Ixtard, with a groove running along it of such size 
that the tube to be graduated will lie easily in it; d d represents 
tJiis tube, which is firmly held in its place by two brass plates e c, 
scrcwe<l down upon it. At the other end of the groove, a 8tan<lard 
tube 6 6, is also firmly fixed by means of a brass plate, and on this 
tube is tlic scale wliich is to bu exactly copied on the wax covering 
the tulie d d. This is done by means of a long bar of wood, to one 
rtul of which is fixed a steel {>oint, and to the other a kind of knife. 

The rod is held by the ends as shown in the figure, the right band 
piiib’rig tlie knife. In using the apparatus, the steel point is 
ttllowod to fall into one of the divisions on the standard tube, 
which are fiurposoly deeply etched, and w'hilo it is held there, a cut is made by means 
'if I ho knife on the wax covering the tube. The length of this out, and tlie consequent 
Vircadtli of the scale, is regulated by the distance between the two brass plates sc. 
Ah soon as this first stroke has been made, the wooden rod is gently moved a 




Fig. 62, 



little forwards until the point falls into the next mark on the^ standard tube; tiien 
a s^pond cut is made in the wax, and so on. The steel point should always rest 
against the brass plate c- c, which will then serve to ke^ it in the iwme straight Uite, 
in order to render the reading of the scale more easy, it is convenient to haw 
fifth stroke on it longer than the others ; which is easily accomplished W haigq t<^t s 
made in the brass plate a, at the distance of 6 mm. apart, so that when • 

arrives at ene of these slits, it passes further across the tube than in otS ttf cayi. 
IVfore removing the waxed tube, it must be carefully examined, ^d if any fiiil^ |faMpBe , 
are seen, they may be removed by applying a thin heated wire to the spCtt weak 
when the wax has cooled, afre^ stroke maybe made. The tabs is nowremoTed, and 
«t each centimetre, the figures indicating the number of millimetree from the ara 
S''TBtched in the wax by means of a neeme. If any of the wax has been removed Pttm 
the tube by the preesnre of the brass plates, tbrae places must U caJtefuUy re-covered, 
^d thelabe is then ready to be exposed to the hydrofluoric acid. 
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Thifl ifl mogt conTeniently done in a kind of long narrow leaden di^ Powdered 
floor-spar is strewed along the bottom, and a large excess of solphiiric acid added; 
heat may then be appli^ As soon as the gas comes oif abundantly, the lamp ia 
removed, the tube laid over the dish resting on two wire supports, and the whole is 
covered with a sheet of paper. When the tube has remained there about three minutes 
it shoiild be remov^ and one of the divisions examined by passing tho over it, 
to ascertain to what extent the etching lias taken place. In from three to six minutes, 
most tubes will be sufficiently acted on. Tho etching may also be accomplished witli- 
out applying heat to the hydrofluoric mixture ; in this case the tube must be left in 
contact with the acid for several hours. This latter method yields perhaps the most 
distinct graduation. In order to render the scale still more clear, it should bo rubbed 
over with a mixture of vermilion and copal varnish, which fills and hardens in each of 
the divisions, rendering them veiw evident to tlie eye. 

Since no tube is of precisely tho same diameter for any length together, the scale 
thus etched bears evidently no constant relation to the cubic capacity of the tulw. 
In order then to ascertain to what extent the capacity varies in different parts of tube 
equSl volumes of mercury must bo poured into it, and the space they occupy rewl off 
on the scale. B'ig. 63 represents a convenient form of apparatus for always obtaining, 

these equal volumes of mercury, a is a small glass 
'Fig, 53. tube fixed in a handle and capable of containing 

about that amount of mercury which is required to 
fill the eudiometer through 20 mm. of its length, 
c is a glass plate, on the top of which the two ends 
of a strip of caoutchouc are fastened by sealing wax, 
so as to form a loop which in slipped over the 
tliiimb. lly turning the stopcock, which allows the 
mercury to flow from the reservoir 6, tlie ghi?;} 
measui*e, tho top of which must be ground perfectly 
even, is completely filled, and the mercury rises 
in a curve above the top ; on depressing the plate c, 
tho excess is expelled and the tube obtained per- 
fectly full; care must, however, bo taken that no 
bubbles of air remain adhering to the sides. In 
filling the measure, it is well to allow the end of 
tho tube e to rest on the bottom of it, and only 
gradually to withdraw it when nearly full of mer- 
cury. The tube to bo calibrated is firmly held in 
a perpendicular position by means of a clamp, an«l 
the measures of mercury are then carefully poure<l 
in, any bubbles of air which may remain adhering 
to the tube, being removed by means of a small stick 
or piece of whalebone. After each addition of 
mercury, the height wiiich it occupies on the scale is 
read off. In order to prevent errors from parallax, 
this should be done by means of a telescope fastened 
to a clamp which moves on ape^ndicular support 
In all readings-off, it is the position of the highest 
part of tho mercuiy meniscus on the scale that is observed. Tliis process for deter- 
« mining the cubic capacity of the tube should always be gone through twice, and tho 
mean of the two series of observation taken as the basis of calculation. An example 
will best show how these calculations are made and the results tabulated. The height 
of the mercury in the tube after the successive additions of the measured quantity is, 



91 

230 

36-6 

6016 


dilf. 

- 13-9 

- 13-6 

- 13*66 


In the second column is expressed the height which this constant quanti^ of xnei^ 
cuiy occupied. This varies of course with the capacity of the tube, increasing as tha 
tube dinuniahes, and diminishing as the tube increases in size. One of these diffevanoe^ 
generally the largest, is taken as the standard, say 13'9, that is, 13*9 vofaunes of mee* 
CUT have been found to occupy on the scale : 

mm. 

1 X 13*9 - 9*1 

2 X 13*9 - 23*0 

3 X 13*9 - 36*6 

4 X 13*9 - 60 13 
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This givM ^ relatiye values of the scale at these particular points, and it only 
remaiiis to interpolate the respective values of each diviBion between these successive 
points. In the first instance, between 9*1 and 23*0, each millimetre vrill represent 
iiacUy 1 volume of mercury ; but in the second instance, where the 13*9 Tols.of mer- 
cury occupy only a length of 13*6 mm. where the tube in fact is broader, each division 

vill have a value equal to ? — 1*022, and this number represents the capacity of 
X3*6 

each millimetre between 23*0 and 36*6. Again the capacity of each division between 
13*9 

36 6 and 60*16 is ■ 1025. In this way is formed a table, which, although 

13'd6 

porfwtly arbitrary, is relatively correct, the amount of error arising from the alteration 
ot* tiie size of the tube between each reuding>off of the height of the mercury, being 
quite inappreciable, when the measured quantity does not. extend over more than 
about 20 mui. The following table is calculated from the foregoing observations. 
In the first column, the divisions on the scale are given, in the second their arbitrary 
value. 


9 

13-80 

24 

28-82 

39 

44*17 

10 

14-80 

26 

29-84 

40 

46-20 * 

11 

16-80 

26 

30*86 

41 

46-23 

12 

16-80 

27 

31-88 

42 

47*26 

13 

17-80 

28 

32-91 

43 

48-28 

14 

18-80 

29 

33*93 

44 

49*30 

15 

19*80 

30 

34-96 

45 

60*33 

IG 

20-80 

31 

35*97 

46 

61*30 

17 

21-80 

32 

36-99 

47 

62*38 

. 

18 

22*80 

33 

38-02 

48 

! 63-41 

19 

23-80 

34 

39*04 

49 

64-43 

20 

1 24*80 

36 

4006 

1 60 

66-46 

21 

25-80 

36 

41-10 1 

61 


22 

26-80 

37 

42-12 1 

62 


23 

27*80 

38 

43-15 

63 



As it is always the highest point of the meniscus of the mercury that is read off 
the scnlc, both in calibrating the tube and afterwards in measuring the amount of 
caa it may contain, a slight correction must be applied to eveiy observation to correet 
the error which would otherwise arise ficom the convexity of tlie mercury. Hy re- 
ft irftig to Jig. 64, it will easily be seen how this error arises. (1) In c^ibniting tho 
tube : If a o if represent the meniscus, it is the number on the scale coinciding witn the 
line c c\ that is read off, although tho tube is not full up to that point by the space 
o c c* a* ; and (2), in analysing a gas, when the tube is in the reverse position, the same 
number on^ the scale would be read ofij altbough the meniscus of the mcrcuiy only 
coincided with the curve n o leaving in fact a space as much below e <f unoccupied 
by mercury in this instance, as was left above it in the former one. Hence after re- 
fwring to the table to ascertain the relative value of any teadin^-ofi5 theiw mitHt be 
added to it a quantity equal to the whole apace ana* What this^ number is, which 
bas always to be a^ra can easily be ascertained by the following 
endiomet^ being in a perpendicular position with its closed end downwards, 3 
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small quantity of merciuy is poured into the tube, and its height eireAillj noted; 
a few drops of a dilute solution of corrosive sublimate are now added, the effect of 
which is entirely to destax>y the meniscus, and render the surfece of the meicuzy 



perfectly flat : the heights ar' at which it now stands in the tube is read off. Twice the 
difference of these two readings is then the quantity to be added to each observation 
after referring to the table of capacities. 

The most convenient form of mercury-trough is that proposed by Bunsen, and 
represented in fig. 55. It is about 350 mm. long, and 80 mm. broad. The two sides 
c 0 , are made of thick glass plates, and the lower part of it a, is formed out of a single 
piece of wood hollowed out. In order to economise the amount of mercury 
Fig. 50, necessary, the inside of the trough is made round at the bottom instead of 
being square, n forms a convenient support for the eudiometer. Before 
using the trough, it should be well rubbed with corrosive sublimate and 
mercuiy, or else small babbles of air are apt to remain adhering to the wood, 
and may afterwards rise into the eudiometer. 

A good thennoincter and barometer are of course indispensable. The 
length of the degrees on the thermometer scale should be such that tJio 
position of the mercury, to a tenth of a degree centigrade, may be easily 
read off by means of the telescope. The barometer generally used is of 
the syphon form {fig. 56), The scale is etched on the glass and the 
closed end is bent as shown in the figure, so that the scalo on the two limbs 
is in the same straight line. The thermometer is placed in the open 
end of the barometer, and held in its place by a small piece of whalebone, 
which acts as a spring. Before reading off the height of the barometer and 
thermometer, the latter should be gently moved a little up and down, thus 
communicating to the mercury in the barometer a slight movement, which 
overcomes any adhesion between the mercury and the glass. 

The kind of room which is used as a gas-laboratoiy when this proceM 
is adopted, is a point of venr considerable importance. It should nave a 
northerly aspect^ and the wails should be thick ; in fact, the room muqt be 
protected in eveiy way from sudden changes of temperature. The mercuiy 
trough and barometer should stand on a table immediately in fl^t of a 
window, if possible a double one. The table is provided with a rim round 
it-, in order to prevent the loss of any mercuiy that may happen to be spilt 
upon it Between eveiy two operatLons in the analysis, at le^ half an hour 
must be allowed to elapse, in order that all parts of the apparatus may xetuni to 
the temperature of the room. Great care must be taken in flllins the eu- 
diometer and absQiption-tube with metemy, that no air remains adnerisg to 
the sides of the tube. This is most easily avoided by introducing the mereoiy 
through a funnel, to which is attached a narrow glass tube reachii^Te^ 
neariy to the top of the eudiometer ; the mercuiy then rises gradnally, the f 
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Jcopt full, and expels the air very thoroughly from' the tube, A small bubble of air 
V ill however generally be found to remain in contact with the platinum wires in the 
<Muliometer ; this must be got rid of by placing the thumb over the open end of the 
tube, and holdiM it in an inclined position ; then, by means of a sudden jerk, the 
bubble may be detached from the wires, and by merely inverting the eu^ometer, 
allowed to escape. 

All the readings-oif, as before statecl, are made with the help of a telescope, which 
phould be at a distance of seven or eight feet from the tubes. Care should always be 
toktMi that the division to be read off is nearly in the middle of the field of tlie tele- 
fi.djv, or a slight error may arise from parallax. It is therefore convenient to have 
tlio telescope provided with a cross wire. 

At each stage of tlie analysis, four oliser^'ations have to be made: 1st, the height 
of the mercury in the gas-tube; 2nd, the height of the mercury in the tixiugh as 
measured on the scale of the gas-tube ;* 3rd, the tempera- 
ture ; and 4th, the atmospheric pressure. The barometer 
and thermometer are always read off last ; for before doing 
this, it is necessary to approach the table in onler to move 
the thermometer, as before described, and the lieat given 
out from the body would inej^ease the volume of gas in the 
tube. In order to read off accurately the level of the 
mercury in the trough, it is necessary so to |)lace a pieco 
of white paper between the glass side of the trough and 
the tube, that it may reflect the light from the window on 
to the scale. F/g. 67 shows how this is conveniently ar- 
ranged, the scale being seen through the slit w. 

After each operation in the analysis, before ica^nng the 
tubes to cool, a rapid observation should be made with 
the telescope, in order to see that the scale on the eudio- 
meter is in its right position, passing apparently exactly 
through the highest point of the meniscus, and also that 
the height of the mercury both in and outside the tube 
can be easily read off. 

In ordt r to render the observations thus made at different 
temperatures and pre8sur<‘8 comparable, they must be re- 
duced to a common standard, the one generally employed being dry air at 0*^ C„ and 
mitlor a pres sure of 1 metre of mercury. If v represent the volume of gas as taken 
*[ii tlie table, m the error of the meniscus, b the height of the mercury in tUo gas- 
tul e al>ovc that in the trough, (9 the temperature, and Jt the lieiglit of tlu; barometer, 
fiic fuiiow'ing formula will give the corrected volume K', under the standard tempo- 

raturc and pressure: t uSaij ') ° 

There is also another point which must not be overlooked in tlie calculation, vis, tho 
< fli <*t of tlie tension of water-vapour. If the gas is saturated with moisture, and tho 
t« rnporature at which the observation of its volume was made is known, it is then 
<’11 ly nccessaiy to refer to the table of tensions of aqucotis vapour and extract tho 
number corresponding to that temperature: this must bo deducted from the height of 
tlie barometer. Thus, the formula for the reduction of gases saturated with aqueous 

vapour ia . £1 a V% where T is tho tension of aqueous vapour 

f r the temperature To ensure a gas being completely saturated with moisture, a 
dr p of water is always introduced into the eu<Uometer before filling it with mercury. 

In order to show more dearly how these calculations are made, the following ex- 
^iniple taken fijom Bunsen’s Gasometry, is cited, of the measurement of the same 
^jnaittity of air, first saturated with moisture and afterwards diy. 



^I^J^ation at the lower level of the mercuiy • 
Gh^rvation at the upper level in the eudiometer 
Height of the column 6 to be subtracted from 



* no divisiomi 817’3 and 310-7 oorrei^nd to the 
Tolumea in the table of eapadty . 

Correction Dor the meniscus 
Temperature of the sir 
Height of the baiometsr . 

Tension^ aqueous vapour for 20-2 O. 



Moiit. 

Drf. 

, 

663*9 mm. 

666-9 lum* 

• 

317-3 

810-7 

• 

248*6 

266-2 

V . 

292-7 

286-0 

m 

0-4 

0*4 

t 

20*2 a 

20*2 O. 

S 

T 

0-7460 m. 
0*0176 m. 

0*7474 m 


T 
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log.(r + m) 

+ log. (R — & — T) 

+ compl. log. (1 + 0*00366^) 


For the dry air we have : 

log. (F + m) 
+ log. (B ~ b) 
+ compl. log. (1 + 0*00366^) 


log. 293 1 - 2*46702 

log. *4807 *- 0*68187 - 1 

compl. log. 1*0739 « 0*96903 -• I 

log. r 2*1 1792 

r 131*20. 


log. 286*4 * 2*45697 

log. 0*4922 «= 0*69214 - 1 

compl. log. 1*0739 s= 0*96903 — 1 

log. r 2*11814 

r « 13126. 


A modifioation of Bunsen’s method has been proposed by Messrs. Williamson 
and Bussell (Proceedings of tho Royal Society, vol. ix. p. 218), whereby the effect 
of any alteration in tho barometer or thermometer on the gas during the analysis 
ia entirely eliminated : moreover, tho gas operated on is always read off saturated 
with aqueous vapour, so that no calculations are necessary for reducing the 
volume to a standard temperature and pressure. The principle on which this simpli- 
fication depends is, that of always retaining the gas at the same degree of elas- 
ticity. If, for instance, a fall of tem^rature has occurred, then by diminishing tlie 
pressure on the gas a certain amount, its elasticity will remain unaltered ; and for a 
rise in temperature, the pressure must be correspondingly increased to retain the gas 
at the same volume. This equally applies to any alteration in the barometer. The 
means adopted for ascertaining exactly how much the pressure on the gas has to be 
increased or diminished for any variations of the barometer or thermometer, is simply 
to introduce a standard quantity of air into a tube over mercury, and mark off tho 
height of the mercury on tho tube, at the normal temperature and pressure ; then, at 
any other temperature or pressure, by raising or lowering the tube in the mercury- 
trough, BO as exactly to bring tho mercury again to the same mark, the elasticity of 
the air is maintained constant. The gas in the eudiometer is always read off ut this 
constant de^ee of expansion, and this is done merely by raising or lowering it in the 
trough, until the column of mercui 7 within the eudiometer is of exactly the saTuo 
height as that in tho tube containing tho standard amount of air. Fty. 68 represents 


68 . 



the apparatu used in this method. ▲ b is the tube oontaining the standard amount 
of air, and is tmrmed the “pressure-tube:" the imper part of it is six or Obven 
inches and of about the diameter of an ordinary Bunsen's eudiometer ; the lower 
yfVtft B is of about the same length, but only f inch internal diameter. Into th« pres* 
■nre-tuhe is introduced such a quantity of mereniy that, when it is inverted in the 
troog]^ the merciuy stands at a convenient height in the naiow tube ; at poin^ the 
mark is made which indicates the height of mercury needed at any temperature or pree* 
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tore, to reduce tlie enclosed air to its on^a! rolume. * The mercuiy-trou^h o D diifen 
from the ordinary form in being provided with a well J8, at one end, in which the 
eudiometer is to be raised or lowered so as to bring the gas it contains to the same 
pressure as the air in the pressure-tube. Both the eudiometer and the pressure-tube 
^ held in a perpendicular position by means of clamps r and o, w'liicn slide on up- 
right rods. Each clam£> is provided with a simple kind of slow movement, by which 
the tube can be raised ’or lowered by the operator, wliilst he is looking through a 
U‘leBcope at a suitable distance. 

t\q, 59 is an enlarged view of one of the clamps, which shows more distinctly how 
the slow iiioveinent is produced, a is the part which slides up and down the vertical 
r,>(l; it is furnished on the inside 

with a small steel which moves Fiff, 69, 

in a groove, thus causing the arm 
always to remain in the same plane. 

(' u IS a tube through which tlie rod 
i\ carrying the clamp, pusses, li is a 
KiTfw which retains the rod F iu its 
place, and by means of wliich tho 
frii tioii on the rod passing through 
tlic tube can bo increased at pleasure. 

0 is a small cylinder fixed to c n ; 

Oil turning this round to the right or 
to the leti, tlie string above or below 
is Wound on to it, and consequently 
the ro<l F raised or lowered. In order 
that the Iieat from tho body may not 
afilrt the volume of the gases in the 
tubes, thin iron rods, some six feet in 
h ngth, are screwed into thoao cylin- 
ders, and rest on the arm currying 
th»* telescope, as shown in fy, 68. H 
is merely' an arrangement for tighten- 
ing the string, k is a peg su placed 
wifli regard to the stop l, that when, 
by turning the clamp round, it is 
jircsM'd iigjiinst the atop, the tube is 
then in the right position for applying 
flu* llnnl adju.stmcnt and reading ofl*. In operating with this apparatus, the pressure- 
tube is jdaced immediately in front of the eudiometer, and the clump moved up or 
d.ovn the vertical rod till the top of the inercuiy inside about coincides with the mark 
'►n the stem of the tube ; in tho same way, the eudiometer is so adjusted that the 
int< rnul column of mercury is of about tho same hciglit as tlrnt in the pressure-tube. 
Tiio iron rods are then screw'ccl on, and the whole allowed to rooL 

'J’he method adopted in reading off the amount of gas is, while looking thro^h the 
telcHoopc, first to turn tho rod connected with the preKsurc-tubo so as to bring the 
ini-rrury exactly up to tho mark on the stem, then raise or lower the eudiometer so 
tiiat tho meniscus of the mercury inside it may coincide precisely with the meniscus in 
the pressure-tube. This is easily done, as the diameter of tlie pressure-tube is con- 
siderably smaller than that of the eudiometer, and the meniscus in the latter can be 
ch arly seen on both sides of the meniscus of the pressure-tulie. It is convenient also 
to liave a second pressure-tube, the stem of which should be about three times os long 
Hj* tiiat of the one already described. By this means, when only a small amount of 
has to be measured, it can bo read off at a greatly reduced pressure, and conse- 
quently with greater absolute accuracy. In order to render the reading made with 
one pressure-tube oompai'able with those made with the second, it is only neccssaiy to 
nie^ure the same amount of gas at each of these dc^i^cs of expansion, this ut onco 
^«talili«hes the proportiou in wliich any amount of ^os read off, at the greater degree 
''•f f'xpansioti, for instance, will have to be diminished in order to r^der it com- 
parahle with gas read off at the lower degree of expansion. This method yields Tety 
socurate results, and they are obtained with less trouble than by Bunsen’s method, 
snd without any tedious calculations. 

The method and apparatus next to be described is that proposed by MK. Re|^n aul t 
and Reiset (Ann. Chim. Phys. 13] xxvL 333). Its peculiar adrsatage is, that 
acaljiies may be made by it witn very much syeater rapidity than is possible by 
^thcr of the methods prerlously desciibod, and ako that it does not require a room to 
w set apart for gaa analysis. 

t2 
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Til© economy of time is ef^ted in 'two- ways t by surrounding the gtii-tnbuii 
with water, which almost immediately causes their contents to 'assume 
temperature as that of the external medium; secondly, by the use of liquid reagents 
instead of solid, which are necessarily used in Bunsen’s method. ^ 

The form and principle of M. Regnault’s apparatus will be easily understood from 
Jiffs, 60 and 61. It consists essentially of two parts, which can be easily joined and 



separated. In the one part, the gas is subjected to the action of the liquid reagents, and 
ttiis is termed the laboratory or absorption-tube; in the other, the gas is mea- 
sured, and it is termed the measuring-tube ; these are represented in tlie figures by / y* 
and a b. The measuring tube a b, is from 15 to 20 niin. internal diameter. It is divide 
into millimetres, and terminates above in a fine capillary tube a r, while the lower 
©Ad is luted into a cast iron piece having two tubulations, b and r, and a stopcock 
JR. To the second tubulation c, is luted a straight tube c open at Iwth ends, of the 



■am© diameter as the tube a ^ and divided also into miDimetresu The stopcock If !• 
bated thrcMigh in two directiona at right angles to one another, as shown in 
that by taming the key in difiRarent positions, commimi* 
cat km can be establisHed between the two tabes a b and c or the mercuiy can be 
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Allowed to flow from either. These tubes are surrounded by a glass ^linder filled 
with WAter, in which the thermometer T is immersed. During the analysis* the 
thermomet^ must of course indicate a constant temperature ; should any mteiution 
have taken place, the originai temperature must be restored by the addition of hot or 

^^Tlie^whole apparatus is fixed on a cast-iron stand E E, fhmished with leTelling- 
The absorption tube ^ is open at the bottom and terminated above by a 
furved capillary tube / e r\ This tube dips into a small mercury 
trough K, of cast iron, or what is still better, gutta-percha. Fig, 65. 

Fiqs. 65 and 66 represent more clearly the form of this trough. 

When in its place, it rests on a small iron bracket, which by means 
of the rack i i, and the pinion o, to which the handle b is at- 
tacheti, is easily moved up and down. It is retained in any 
jK>sitiou by the rachet y, to which, in order to facilitate its 
working, a weight is fixed, and ns tliis is turned fVom one side 
to the other, the rachet is thrown in or out of gear with the 
j*inion. To the emls of the capillary tubes, which terminate the 
til. sorption- and measuring- tube, are carefully luted two small 
htoi l sto])cocks, r r', the ends of wliich exactly fit each other, 
aiitl have the shape represented in Jig, 67, in section. In order 
tv) ronder tlie joining of the two as air-tight as possible, a little 
molted cfioutchoue is applied to the faces a b and a b\ which 
are llion pressed together as tight as possible by means of a screw 
cUinip, rcftrcsfiited in jUg, 68. The laboratory-tube is held in a 
Avrtical jK^sition by the clamp «, which is lined with cork, and 
can bo adju.steJ to the required distance from s by means of 
1 1)0 Horow s. The measuring- tube a b is provided with two 
ilium as in the oi^inaiy eudiometer. The following 

ii. .-..unt given by Regnault (Coura do Chimie, iv, 77) of an 
rtnalysis of a mixture of air and carbonic acid will perhaps best 
explain iiow' tlie apparatus is used. 

I' hr first o|x?ration is to fill the measuring-tube: this is done 
by ]n'uriiig mercury into the tube c until it begins to escape 
through the stopcock r, which is then closed. The labors tory- 
tiilie is next filled by plunging it into the morcuiy-trough K, tuo 
M..1 K'vx’k r being open. To fill the capillaiy-tube f e r , the best 
HI. t hod is simply to apply the mouth to the open end of it and 
huck tlio ni<‘rcurv up, then close the sto|X!Ock. The tube being 
now jtcrfiTfly full of mercury, it is fixed in its place and the 
••li)nip serrwod on to the sto})cocks, 

'I' lie gas to be analysed is now introduced into the laboratory- 
Inl.r, the trough V having been lowered to such n position th.at 
tfie end of the labordtory-tube only reaches to a short distance 
nndor the mercury ; the gas is theji easily passed up into it. This beii^ done, the 
troiigli is again raised and the mercuiy allowed to flow out of the mcasuring-tabc, by 
wbicli inrans the g.as is forced over into the measuring tube. When the mercury reaches 
the cafkiUiuy lube f r, the stopcock r is nearly closed, thus causing it to rise but slowly, 
iitid will n the column of mercury arrives at a certain mark v on the horisontal part of 
’lie capillary tube, the stopcock r\ is closed. The level of the mercury is thus 
brought to a given division a, of the tube a 5, and the difference of height ot the two 
columns can immediately ho read oflf on the scale of the tube c d. The water should 
be well agitated by blowing air into it through a tube which descends to the bottom of 
tin* cylinder. The height of the thermometer and barometer must also be observed. 

1 n ordi^r tliat no calculation should be necessary for estimating the tension^ of 
nqm?ous vapour, the gas is always saturated with moisture; this is done by moistening 
’lie sides of the measuring-tube a b: the mercury, in {>as8ing through, mmly remoye# 
’he excess of water, and always leaves a small quantity adhering to the sides of the 
’ube. I>*t / be the temperature of the water, which, as before stated, must be station- 
- rv (luring the analysis, f the tension of the aqueous vapour at this temperature; v 
Uic volume of the gas; H the height of the barometer; and lastly, h the difference 
'f the height of the mercury in the two tubes, ff + A — ^ is then the elasti- 
’ of the gas when dry. Having thus measured the quantity of gas ^en, the next 
j’icraiion is to absorb the carbonic acid present. The trough V is again lowered and 
»y means of a l/ent pipette, a single drop of a strong sdution of caustic potash is 
infroduced into the laboratoiy-tube. Mercury is then poured into the tube e d, and 
* be Htopc^k B turned so as to establish communication between the tubes a h and e dL 
^11 opening the stopcocks r the gas is then forced back into the labomtoiy-tubEb 

T 5 
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As tHe mercury in it sinks, the caustic potash moistens the sides of the Hihe, thus 
exposing a yeiy large absorbing surface. In a few minutes, the whole of the carbonic 
acid is absorbed ; and the absorption may be rendered still more speedy and certain, by 
raising the trough and opening the stopcock r, so that the may again be drawn into 
the measuring tube and afterwards forced back a second time into the laboratory-tube, 
thus bringing it in contact with a fresh surface of potash. It has been shown that after 
this operation has been repeated twice, no appreciable amount of carbonic acid remains 
unab^rbed. As it is essential that none of the absorbing liquid should ever pass 
over into the measuring- tube, the error arising from an amount of gas remaining in 
the capillary tube / « t\ is best eliminated by always making this a constant quantity, 
which is done by closing the stopcock r\ when the column of liquid reagent or mercuiy 
arrives at a certain mark (r. 

The absorption being completed, the level of the mercury in the tube a A is again 
brought to the mark a, and the difference of height K of the mercury in the two tubes 
a h and c d, is read off, h' the height of the barometer, is also noted. If the tempe- 
rature of the water in the cylinder has changed, it must be restored to the original 
temperature by the addition of hot or cold water. The elastic force then of the gas 
deprived of carbonic acid and dry, is + A' — /; and consequently {H + A — /) — 
(// + h' — f) = II — ir + A — A', is the diminution of elastic force, caused by the 

absorption of the carbonic acid; and ^ the proportion of 

carbonic acid in the gas when dry. — The proportion of oxygen in the remaining gas 
has now to be determined. The laboratory-tube is detached, thoroughly washed, and 
dried, first hy means of paper, and afterwards by bringing it into connection with an 
air-pump. It is then again filled with mercury and fitted on to the measuring- tube. 
The trough ii is now raised, and the stopcock opencil. On now turning the cocks r r\ 
the morciny in the laboratory-tube passes into tlie capillary-tube a r, and is allowed to 
proceed as fur as a given mark t ; when it reaches this mark, the stopcocks r r are closed. 
Tho mercury in the measuring- tube is then again brought to the point a, and the 
difference of the level A" and tho lieight of the barometer 7/" read off. 77" + A" — / 
is therefore the elastic force of the dry gas now in tlie apparatus, a small quantity 
(about 5 ^) of tho whole having been lost by detaching the laboratory-tube. This 
second measurement prevents any inaccuracy thence arising. 

A proper quantity of liy<lrogen is now intro<lneed, and a uniform mixture of the 
whole produced by passing the gas two or three times backwards and forwards from 
’ the laboratory-tube into the measuring tulje. When tlioroiighly mixed, the column of 
mercury is again brought to the mark r, and the gas in the measuring tube to the 
point a. The difference of height A'" of the two columns of mercuiy is read off, and 
tho height //"' of the barometer. II*** -»• 7/" — / is therefore the elastic force of the 
mixture of hydrogen, oxygen, and nitrogen. The capillary-lube rn, is now com- 
pletely filled with mercury, so that none of tho gas shall escape combiistion, and an 
electric spark ])assed through the mixture. After tlio explosion, the stopcocks r r are 
carefully opened and the gas subjected to a slight pressure, so that the mercury is 
forced back along the capillary- tube till it arrives at the jx)int t ; the stopcocks are 
then again closed, and the gas expanded as before to tho mark a. Its elasticity will 
now be represented by W + A'" - /. Consequently (77'" -h A'" - /) - + 

^ — // ^ + A'" — • A"", is the elastic force of the gaseous mixture 

which disappeared during tlio combustion ; ^ {H'" — H’"’ + A'" — A"") is the elastio 
force of Uie oxygen confined in tho dry gas, of wliich the clastic force was Tf" + A"-/; 

avi.i 1 ^ A • „ ... . 

ana ^ ' ^ proportion of oxygen contained in the gas when 

freed from carbonic acid, whence the proportion of oxygen in tho original gaa may bo 
easily deduced. -o o 

As the gas is made to occupy a constant volume during the whole analysis, this 
entirely removes the nei^ssity of calibrating any of the tubes. This apparatus may, 
however, be used in a different ^vay, and then tho calibrating of the tube a b becomes 
necessaiy. In this case, in.stead of always bringing the gas to a constant volume and ' 
reading off the pressure it supports, the pressure is retained constant, and the diffiarence 
of volume read off, Tho calil)iution of the tube a A is efibeted by filling it completely 
with mercuiy, and then allowing a small quantity to flow out through the kopoock s, 
collecting and weighing this, then reading off on the tube the height through which 
the mercuiy has fallen. The temperature of the water in the lylindOT should be kept 
constant during the whole operation. 

The apparatus^ of- MM, Regnault and Roiset leaves but little to be desired with 
regard to the rapidity with which analyses can be made ; bnt t.fii* rapidly is to a 
certain extent obtained at a sacrifice of accuracy, cousidemble change in the bnlk of 
gus operated on being represented by only a small change in the amount of ptessufei 
In a comparison made by Messrs. Frankland and Ward, of the methods of Bunsen 
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and Reffnault, it wa* sliown that an errop of ^ of a millimetre in the first obser- 
vation would cause in Begnault*s method an error in the percentage amount, seven 
times as great as would be the case when Bunsen's method was adopted. There is 
also considerable practical difficulty in maintiiiniug the water in the cylinder at precisely 
the same temperature for any Icn^h of time together. 

Messrs. Frankland and Ward have constructed (Chem. Soc. J. toI. ri. p. 197) 
another form of apparutus for the analysis of gases, which, in mechanical oonstraction 
and in the method of working 

it, is very similar to the ap- Fig. 69. 

paratoB of Begnault and Bm- 
feiot, but |) 0 sses 8 es at the same 
time many important advau- 
tai^es over it The effect of at- 
!nosi»heric pressure on the gas 
i.s futirely removed ; the prin- 
ciple adopted in measuring the 
K mount of gas yields very ac- 
curate results ; the gas may be 
l•xJ>andcdto almost any amount 
itMiilering this apparatus one of 
<‘i>nsiilprable impoi*tance. Fig, 

69 is a drawing of the appara- 
tus. “It consists of the tripod A, 

Jurnished with the usual level- 
ling screws, and carrying the 
vniical pillar b b, to which is 
attached on the one side the 
movable mercury- trough c, of 
giitta-iicrcha, with its ruck aud 
junion a at, and on the other 
the glass cylinder D n, with its 
contents. The cylinder is 36 
inches long, and 4 inches in- 
tornal diameter; its lower ex- 
tiviiiify is firmly cemented into 
an iron collar o, the under 
Mirfacc of which can be screwed 
pe rfectly water-tight upon tho 
bracket -pinto c/, by the intcr- 
Iw^^ition i>f a vulcanised caout- 
clioiic ring. The circular iron 
plate d is perforated with three 
apertures, into which the caps 
*■ ( c are 8crewc<l, and which 
coajniuuieato below the plate 
with the T-piece b k. This 
laffer is furnished with a doublc-wiiycock /, and a single-waycock g, by meana of 
'viiich the tube.s cemented into the sockets e ee^ can be made to communicate with each 
other, or the exit pipe h at pleasure.” p, o and H are three glass tubes which 
f re nrmJy cemented into the caps e e e, p and h are each Ifi to 20 mm. internal 
j inmetnr, and to avoid any difiTcronce in the capillary action, are selected of as nearly 
ic wuTTio l*oro as pcMsible. The tube o is somewhat wider, and may be continued to 
any convenient heiglit above the cylinder. H is accurately graduated into milU- 
nu'trj's. and is furnished at the top with a small funnel *, into the neck of which a 
g a-Hs Htop|>er, nl>out 2 mm. in diameter, is carefully ground The tube f terminates 
M H extremity in the capillary- tube Ar, which is carcftilly cemented into the 

aiui Ki eel stopcock /. f has also fhsed into it at m two platinum wires, for the passage 
f spark. After this tube has been firmly cemented into the cap e, its in- 
if w ^ accurately divided into ten equal parts. This is done first by filling 

supply tube o, up to its junction with the capillazy tube Ar, and 
inw Ihe mereuxy to run off through the nozzle A, until the highest point of the 

division 10 previously made, so as exactly to ooindue with the 
r in., j millimetre scale on h. The weight of the merciiiy thus mn off is care- 
I ** again fill^ as before, and divided into ten equal 

ttiirV-’ ^ mercury to run off in successive tenths of the entire weight,, and 

'*^ig the height of the top of the Aicniscus after each abstraction of the metals 

I 4 
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by €^ewmg a small copper ring on to the tube at that point. By uinng proper pre- 
cautions with regard temperature, &c., an exceedingly accurate Calibration can l>e 
made in this way. In practice, howevcar, it is found much easier to make the calibra- 
tion in the following manner. The ten copper rings are screwed on to the tube first, 
.at about equal distances apart, but without any relation to the capacity of the tube 
which is ofterwards ascertained by expanding the same volume of gas down to each 
of the ten divisions, and reading off the height of the column of mercury in the tube 
H in each instance. The way in which the laboratory tube j is joined to the rest of 
the apparatus is precisely similar to that adopted by MM. Begnanlt and BeUet, and 
already described. 

When the instrument is thus far completed, it is requisite to ascertain the height 
of each of the nine upper divisions on the tube above the lowest or tenth division ; 
this is teiy accurately effected in a few minutes by carefully levelling the instrument, 
filling the tube o with mercury, opening the cock /, and the stoppered funnel f, and 
placing the cook f in such a position as to cause the tubes f h to communicate with 
the supply-tube o. On now slightly turning the cock y, the mercury will slowly rise 
in each of the tubes r and n ; when its convex surface exactly coincides with the 
ninth division on f, the influx of metal is stopped, and its height in h accurately 
observed ; as the tenth division on f corresponds with the zero of the scale upon ii, 
it is obvious that the number thus read off is the height of the ninth division above 
the zero point, A similar observation for each of the other divisions upon f completes 
the instrument. 

Before using the apparatus, the largo cylinder d d is filled with water, and the 
inside of the tubes f and u arc once for all moistened with distilled water, by the 
introduction of a few di’ops into each, as in Begnault’s apparatus. The three tubes 
being then placed in communication with each other, mercury is poured into o until 
it rises into the cup the stopper of which is then firmly closed. When the mercury 
begins to flow from I, that cock is also closed. The tubes f and h are now apparently 
filled with mercury, but a minute and imperceptible film of air still exists between 
the metal and the glass : this is effectually got rid of by connecting r anti h with 
the exit-tube A and allowing the mercury to flow out tmtU a vacuum of several inches 
in length has been produced in both tubes. By allowing the instrument to remain thus 
for an hour, the whole of the film of air above mentioned will diffuse itself into the 
vacuum, and will become visible as a minute bubble in each tube, on allowing the 
vacuum to be filled up from the supply-tube o. By opening for a moment the stopper i 
and the cock /, whilst o is fall of mercury, these bubbles are expelled. The ab8or])tion 
or laborutory-tubo i being then filled with quicksilver, and attached to I by the screw 
clamp, the instrument is ready for use. 

The method of introducing the gas, applying the absorbents, and passing the gas 
from one tube to the other, is in this apparutiis so precisely similar to that adopted in 
using Kegnault’s apparatus, and before described, tliat it need not be further dwelt 
.upon. Tiie method of reading off tho amount of gas is, however, different^ and 
requires a few words of explanation. When the ga.s has been passed over into 
tlio tube F, mercury is allowed to flow out of the stopcock until a vacuum of two 
or three inches in length is formed in n, and tho metal in f is just below one of 
tho divisions ; the cock f is then reversed, and tho mercuiy very gradually admitted 
from o until the highest point in f exactly coiTcsponds with one of the divisions on 
that tube ; that this is really the case, must afterwards be ascertained by viewing it 
through a telescope. The height of the mercury in the tube h is then read off. If 
the division on the tube f, to w’hich tho gas has been expanded is, for instance, the 
fourth, then, from tlie number road off on the tube ii must be deducted the height of 
this fourth division above tho zero point of the tube. The remainder will express tho 
volume of the gas ; but in order to compare this with subsequent readings made at 
other divisions upon p, tho number thus obtained, which represents the pressure of the 
gas, is reduced to what it would have been had tho gas been expand^ to the tenth 
division of p. This is very simply done, by merely multiplying the number repre- 
senting the pressure of tho gas by a fraction whose denominator is 10, and numerator 
the number of the division to which the gas has been expanded ; thus, In the case above 
cited, the multiplier would be 0'4. 

The following are tho results of an analysis of air made by Messrs. Frankland and 
Ward. 

Volume of air used. (Determined at fifth division on F.) 

Observed height of mertnuy in H .... 673*0 mm. 

- Height of fifm division ab^e seio • • • • 383*0 

Corrected pressure of gas . • • « • 290*0 

Corrected pressure of gas at tenth division ^ • 146*0 
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Volomo after the admisaion of hydrogen. (Determined at alxth division.) 

mAMmimp {rt v *V**n.o 


Observed height of mercuiy in k 
Height of sixth division above zero 
Corrected pressure of gas 

Corrected pressure of gas at tenth division 


772*8 mm. 
804*0 


468*3 

•6 

280^8 


Volume after explosion. (Determined at fifth division.) 
Observed height of mercury in H . • 

Height of fifth division above zero 

Correct pressure of gas • . . • 

Corrected pressure of gas at tenth division • 
Resulta. 

Volume of air used 

A' olumo of oxygen 


763*3 

8830 

380*3 

•6 


190*16 


14600 

30-276 


Hence: 

Nitrogen 79120 

Oxygen •.••*••••« 20*880 

100*000 


Grositly superior as this form of apparatus is to that of Hep^ault, and capable as 
it is of yielding accuTiito and rapid results, still there are defects in it which detract 
soincwliat from its practical value. The principal of these is the great difficulty there 
exists in always maintaining the apparatus in a perfectly air-tight condition, especially 
as tlie stojKiocka T and I have to bo joined and separated once or twice during an analysis. 
Considerahle inconvenience has also been found to arise from the very fragile nature 
of the luljoratory-tuhe ; this, even when full of mercury, is only supported by the 
capillary tube, to which it is fused, and consequently the slightest blow or pressure 
njw in it is apt to cause it to sepanitc at this point of junction. Some difficulty is also 
<*xpcri<‘nced in keeping the water in the cylinder at exactly the same temperature 
d tiring the whole course of the analysis. Hcgnault, as before state^ suggests adding 
Ift or cold wat(T till the required temperature is obtained; this is an opei-ation 
'which takes considerable time, and without much caro is likely to lead to fallacious 
results. Dr. Frunkland has proposed using a stream of water direct from the street 
main, which enters the cylinder at the bottom, and is allowed to flow off by an oxit- 
inho n<'ar Iho top. This is a great improvement uiK)n Kegnault's method, but oven 
^ this arrangement, slight variations occasionidly occur. 


Hjnnng now described the principal forms of apparatus used in the analysis of goses^ 
wo shall proceed to state the methods to be adopted for the separation and quantita* 
tivo estimation of the different contituents which may occur in a gaseous mizturo. 
Gases which have a strong affinity for any particular reagent, are estimated directly by 
introducing the reagent into the absorption-tube; but since many gases are not absoro- 
iihlo in this manner, another and indirect mctho<l has to bo adopted, as for instance, 
in the cjiso of hydrogen, which is estimated by exploding it with oxygen and observing 
diminution of volume thence ensuing. 

Tlie follow ing list will show which gases are estimated directly and which indirectly. 
Twf* of the number, namely oxygen and carbonic oxide, will be found in both lists, sS 
tlu*y can be estimated by cither method. 


^ Hydrochloric acid (anhydrous). 
’ Hydrobromic acid, 

Hydriodic acid. 

Hydrofluoric acid. 
Hydrosulphuric acid. 

•^ulpbjiroufl acid (anhydrous). 


Gases estimated by the direct method. 


Carlionic acid (anhydrous). 
Oxygen. 

Car^^nic oxide. 

Olefiant fps. 

Nitric oxide. 


Nitrogen. 
Oxygen. 
Hydroj^en. 
Carbonic oxide. 


Gases estinuUed indireeUy. 

Light carburetted hydrogen. 


Bth^ 

Met 


tjL 
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The gnees estimated bj absorption may, for analytical purposes, be conveniently 
divided into three groups. 

Ist Group: — HydrochloHc acid; Hydrohromio add; Hydriodie add. These are 
absorbable by means of sulphate of sodium. 

2nd Group: — Hydrosul'phuric add ; Sulphurous add ; Carbonic add. These are 
absorbed by caustic potash, but not by sulphate of sodium. 

3rd Group: — Oxygen; Hitric oxide; Carbonic oxide; Ohjiant gas. These are 
neither absorbed by sulphate of sodium nor by caustic potash. With regard to the 
manner of applying the reagent, if the apparatus of Kegnault or Frankland be used 
a few drops of a very strong solution of the reagent arc ijitroduced into the laboratory- 
tube, by means of a bent pipette, as little of the liquid being used as possible, to pre- 
vent any appreciable loss arising from its absorbing power. But in using Bunsen’s 
method, or that proposed by Williamson and Russell, the reagent must be introduced 
in a solid form rf possible, or if necessarily a liquid, some porous substance must bo 
saturated with it. 

Estimation of the Gases of the Group, — The sulphate of sodium is intro- 

duced into the gas by first melting it in its water of crj'stallisation, and then dipping 
into it the end of a platinum wire whicli has been bent into a short coil ; this is repeated 
several times until a ball of the sulphate of sufficient size is obtained. If much of 
these acids is believed to be present, the bull should be of a large size, or else the 
sulphate of sodium is apt to become deliquescent, and run down the sides of the tube. 
All aqueous vapour must also be can‘fully rimioved from the gas before introducing the 
sulphate of sodium. Tliis is best accomplished by means of a ball of phosphoric acid, 
which may easily bo made by dipping the coiled end of a platinum wire into hot liquid 
phosphoric acid ; a drop adheres to the wire, and tlion as the acid cools the size of the 
ball IS increased to about that of a large pea, by turning it round in the viscous melted 
niass. The thickness of the platinum wirc.s us<‘d in these experiments should be such 
that the balls of reagent may be easily pushed into the eudiometer without the wire 
bonding. Great care must also bo taken that the surface of the ball is as smooth a.s 
possible, or adhering air will bo introduced into the gas, and some of the gas removed 
on witlKb’awing the ball. Oxide of bismuth or zinc may also be used for absorbing 
the moinbors of this gmiip. A bull of these substances is best made by applying the 
moist oxide to tlio end of the ]'>latinum wire, and then igniting it in the flame of a 
spirit-lamp. The ro.suUH obtained with these absorlients arc, however, generally not 
quite so aecurato as those oldainud with the Kidphute of sodium. Thediirereiit members 
of this group cannot be separated by any endiomctrical process. If several of tliem 
occur tog(*tIier, the ball of sulphate of sodium used fop tlieir ab.sorption must after- 
wards be dissolved in water, and the solution analysed in the ordinary w'ay. 

Estimation of the Gases of the %nd Group. — As stated above, the members of 
this group are all absorbed by caustic pota.sh. A ball of this substance is made by 
fusing caustic potash and adding sufficient water to render it, when cold, soft enough to 
receive an impression from the nail; the end of the platinum wire bent into a coil is 
fhoTi placed in a bullet-mould of convenient size, and the fused potash poured in. If 
tile ball should adlioro firmly to the mould when (‘old, as is sometimes tlie case, heat 
must bo applied ; it will then easily bo removed. On using a potash-ball for absorbing 
gases, it must always be moistened with water before introducing it into the gas. 
When much gas has to be absorbed by this means, tlie potash-ball should, after some 
hours, bo removed from the eudiometer, washed, and then again introduced. It should 
bo allowed to remain some four to six hours in contact with the gas, in order to ensure 
complete absorption. 

Hydrosulphurii: acid. — This gas is best absorbed by means of a ball of peroxide of 
manganese. The manganese is very finely powdered and m ado into a thm paste, with 
water; this is introduced into a bullet-mould with the platinum wire in it, and then 
dried on a hot sand-bath. If, however, this ball were at once introduced into a 
gaseous mixture, it would, from its porous natu:^ absorb an appreciable amouQ^ of 
other gases besides hydrosulphuric acid. • To obviate this, the ball before being used 
sbould bo thoroughly moi.stoned with a syrupy solution of phosphoric acid ; care must 
however be taken that tliis does not soften the ball, or it may fall to pieces on attempt- 
ing to introduce it into the eudiometer. There is also another method of estimating 
this gas, but it is applicable only when sulphurous acid is not present A iiotash-bail 
containing a large quantity of water, but not moistened externally, so that, on with- 
drawing its none of the potash remains in contact with the mcicuiy, is introduced into 
the eudiometer: this absorbs the hydrosulphuric and carbonic ocii if any is present 
** Distilled water acidulated with acetic acid, is then boiled in two flasks until the 
dissolved air has been removed ; the contents of one flask is then poured, whilst boiling 
into the other, filling it up to the top of the neck. The flask is then well clo^ wiUi 
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H cork coTwed with A plato of caoutchouc^ bo that no bubble of air is left between the 
liquid and the caoutchouo plate. As the liquid cools, the cork is pushed ftuther into 
the neck, in order to prevent the formation of a vacuous space and the possible en- 
trance of air. The ball of potash, cut off from its platinum wire immediately on with- 
drawal from the gas, is allowed to dissolve in this liquid when cool, and a few drops 
of a clear solution of starch are added.” The amount of hvdrosu^huric acid present 
is then determined by means of a standard solution of iodine. In order to wm the 
determination from any error which might arise from impurities in the potash, the 
exi^eriment is repeated exactly in the same way with a ball of the same potash, but 
containing no sulphide of potassium The amount of iodine used in this case is then 
subtracted from the amount used in the former ejrperiment. 

Sidphuroxis acre?.— This gas is estimated by exactly the same methods os those 
Biloi>tcd for hydrosulphuric acid. 

Carbonic Caustic potash is the reagent always used in determining the 

amount of this gas in any mixture. The method of preparing the bull, and the neces- 
sary precautions in using it, were described when si)caking of potash as the general 
al»8orboiit of this group. 

Kstimation of the Goees of the ^rd Group . — This group consists of four gases 
not absorbable eitlicr by sulphate of sodium or by caustic potash. They will be treated 
ill the order in which they would have to be separated from a gaseous mixture. 

0.vf/fjrn . — This gas may be estimated cither directly or indirectly, the method to 
!«• adopted in any particular case depending on the quantity present^ and the nature 
of the gases with which it is mixed. If otljer combustible gases arepresont, or if there 
is only a small amount of oxygen in tlie mixture, it is ^wuys bettor to estimate 
it directly. Tlic method to be atlopted in determining it indirectly will bo described 
farther on, IMi osphoru s W'as fonnerly the substance generally used to free a gaseous 
mixture from oxygen ; but owing to the tensimi of the vapour of the phosphorus acid 
Ibnued, the difficulty of removing it, and the action w'hich many gases have in pre- 
viniing tlic union of phosphorus and oxygen at ordinary temperatures, the use of 
this reagent is apt to lead to incorri'ct results. A much better method of absorbing 
oxygen is to uso pyrogallato of potassium. It majr be introduced into tte ub- 
Kiii'|ition*tube cithcT by means of a pupier-mach6 bull, or if liquid reagents are used, a 
A w* ilroittf of a strong solution of the acid are first introduced and some caustic potash 
addyil to it. 

The |m|iior-mHch6 ball is made by thoroughly macoriiting some bibulous paper in 
'viti r, tlion, having introduced the platinum wire into a bullet mould, and tied the 
two linmlli togcilicr so that it cannot open, as much of tho pulp is forced in round tho 
I i.tfimim wire as jiossible. After being dried on a Kand-batii, a hard compact ball is 
t lMis t'onned; tliis is tijorougbly saturated with tho pyrogallato of potassium, and then 
iimncdiutely introduced into the gas. The absorption of oxygen bv this means is not 
!i!w ty.i very rapid, and it is often neccssaiy to withdraw tlie bull from tlio oudio- 
iii< t« r, agiiiii saturate it with the pyrogallato solution, and introduce it a second timo 
iiilt tlie r*udiometi*r. 

MirU' oa*<V/f .— This gas and oxygen can, of course, never occur together. The best 
m* of estimating it, is flmt to convert it into nitrous acid ami tlicn absorb the acid 
t liiis fonnt d, Ijy jiot ash. For this jmrjxjsc, afew bubbles of oxygen are introduced into 
tjie gfvH ill tlie aliHorption-tubc, and afterwards }>otash, either in the solid or liquid 
t^ rm. When the absorption is complete, a further quantity of oxygen is added; if . 
fttcr tin's atldition, no absorption is caused by tho potash, Ihcji an excess of oxygen is 
I r. Si nt, but if absorption again takes place, more oxygen must be added. Having in 
* ii’s manner sisccrtaincd that the whole of the nitric oxide is removed, it then only 
r* inaiiis to absorb the excess of oxygen present, by means of py rogallatc of potassium, 
f'S before described. When this gas is mixed with nitrous oxide, olefiant gas, or hy- 
<*rule of ethyl, this metho<l, according to Dr. Frankland, gives good nssults; but in the 
presence of other hydrocarbons, it is possible that the nitrous acid and peroxide of 
mtrog^n might exercise an oxidising action on them, and tlius vitiate tho results. 

1 r.ttosulpbate of iron was also formerly used as an absorbent for nitric oxide; but it 
‘I 'cs not yield very satisfactory results. 

iariHmic oxide . — Like oxygen, this gas is also estimated sometimes directly, somc- 
' At present, its direct estimation only will Iw treated of. This is best 

by means of a concentrated solution of subchloride of copper, A papicr- 
Tijache ball, similar to the one used for the pyrogallatc of potasHium, is the best moans 
mtrtKlucijig the solution into the absorption-tube, when the liquid alone ^nn^ be 
^^1. This gas is, however, generally estimated by the indirect method, which yields 
extremely accurate results. 


Bunt«ti*i GMom«tr]r, p. S6L 
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Olefiant gaa . — This gas, together with ^ others of the formula OH^, is easilj 
and rapidly absorbed by means of anhydrous sulphuric acid, dissolved in about an 
equal weight of the monohydrated acid. This mixture is best introduced into the gas 
by saturating a coke bullet with it. The bullet is made by taking a finely powdered 
mixture of equal parts of cannel coal and coke, or anthracite coal, and auer intro- 
ducing the platinum wire, compressing as much as possible of tiie mixtiwe into the 
bullet-mould, which is then carefully and slowly heated to redness. By this means a 
hard and compact ball is easily formed. Before introducing it into the acid mixture, 
it should always be warmed to expel any moisture present, and after being saturated 
with acid, must be introduced into the gas as quickly as possible. The ball, when with- 
drawn afl^ some hotirs from the eudiometer, should still gixe off dense white fumes, 
on coming in contact with air, thus showing that an excess of acid was present. 
Owing to tlie tension of the sulphuric acid introduced, and the sulphurous acid wliich 
is formed, the bulk of gas in the absorption-tube generally increases instead of dimi- 
nishes, on first introducing the coke bullet. To remove the acid vapours thus formed, 
after withdrawing the coke bullet, a potash-ball must be introduced. 

After the coke bullet has been withdrawn, although at present there is no direct 
method known for separating and e.<}timating singly the different hydrocarbons having 
the general formula still, if two of them occur together, the amount of each can 

be easily determined by an indirect method to be described further on. 

Gases estimated indirecti. y — In estimating the gases belonging to this class by 
Bunsen’s method, the long eudiometer is always used. After ha^nng completed the iil>- 
sorptions in the sliort tuVie, a portion only of the gas is introduced into the eudiometer, 
the amount depending on the nature of the gases operated on. In most cases, a 
volume occupying about 120 mm. on the scale, will be found convenient. Certain 
precautions are, however, necessary in using the tube for exploding gases. In order 
to close securelv the open end of the eudiometer, so that no gas may be forced out 
at the moment of explosion, a small round piece of cork or wood, of rather greater dia- 
meter than the eudiometer, is covered on one side with a thick piece of caoutchouc, 
an<l the other is so shaped tliat it rests firmly on the bottom of the mercuiy-trongli. 
Before exploding the gas, the eudiometer is tightly pressed down on to the caoutchouc, 
and held firmly in this position liy a wooden arm pressing ou the top of it. In order 
to prevent any air a ilierilig to the surface of tlie caoutchouc, which, after the ex- 
plosion, owing to the diminution of pressure, might be sucked up into the eudiometer, 
the caoutchouc, before introducing it under the mercury, should always be moistened 
with a solution of corrosive sublimate, wliich causes the mercury to adhere closely 
to it, and entirely removes the possibility of any air being introduced into the eudio- 
meter. • 

It will be found convenient, as it saves much time and calculation, to form for the 
eudiometer a tiiV»le of volumes. Tliis is done by introducing a small tube full of air, 
and then reading off the height at which the mercury stands; a second lube full is then 
introduced, and the lu'ight of the mercury again read off, and so on till the eudiometer 
is filled with air. By noting down the level of the mercury in the tube after each 
addition of air, the successive differences of these numbers express the hulk of the 
same amount of gas under different pressures, these pressures depending on the height 
of mercury in the eudiometer. 

The following is part of a table formed in this way : — • 


VolB. 

1 , 



Heiubt of 
mrrciiry. 

. fi3 . 



DiffereneeB. 

. 2 

2 . 



. 96 . 


, 

. 43 

3 . 



• 131 . 


, 

. 36 

4 . 



- 161 . 



. 30 

6 . 



. 187 . 


. 

. 26 


The use of this table is to enable the operator to see at a glance the amount of gas 
to be added when the mixture is to be exploded ; for instance, suppose the height o# 
the mercury in the eudiometer was 131, and the nature of the gas such that about 
2 vols. of oxygon had to be added, in order that an explosion of the proper degree of 
intensity should take place ; by referring to this table the operator would see at once 
that oxygen must be added till the mercuiy falls to 187- As the object of* the table 
is only to show about how much gas has to be added under different circumstanceSv 
any great degree of accuracy in forming it is not necessary. The reading-off of the 
heights of the mercury, after each addition of air, may be made without the telescope, 
and any alteration in the heights of the thermometer and barometer during the operas 
tiou need not be taken into account. 

The explosion of the gaseous mixture is best effected by means of an electric spail^ 
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for oWaining which, a email Iicyden jar ie charj?ed from an electrophopua op an 
electrical machine, or elao by the still simpler method adopted by Bunsen, which con- 
merely in pubbing a large porcelain tube with a piece of silk on which some 
ftT ialgam is spread, RuhmkorfTs coil may also be advantageously used for exploding 

^ llcfore filling the eudiometer with mercury, a drop of water should always be intro* 
(luced into the top of it, so that the volume of gas may be read off saturated with 

ACltlOOUS 'T£lJ)01ir* ^ ^ 

'^yUroocfi. This gas, from its incombustible nature, can, of course, bo estimated only 

bv removing all others with which it is mixed, and measuring the amount xvmaininff; 
biit although it cannot bo made to combine with oxygen, so as to remove it entirely 
i'T^ m a mixture, still, as is well known, the oxidation of it docs often take place to a 

asiderablo extent, and, if not properly guarded against, is likely to loud to very 
s, rioiLs errors in the analysis of gases. In fact, the discordant and incorrect pchuUs 
ol*t;iiiu*d by the earlier experimenters on the composition of the atmosphere, did no 
doubt arise in great measure from this cause. It became then a point of ^at im- 
jrfirtanco to ascertain whether this oxidation of nitrogen always took place when mix- 
iiiroH containing it were exploded, and if not, what nlust bo the relative amounts of 
(MunbustiMo and incombustible gases present, in order that no trace of any oxide of 
r.itrcgcn should bo formed. We are indebted to Professor Bunsen for a series of ex- 
p- rimeiits on this subject, which remove all uncertainty in the matter. By taking 
mixtures of atmospheric air and electrolytic detonating gas in different proportions, 
lie has clearly shown that when for every 100 volumes of non -combustible gas 26 to 
G J volumes of combustible gas are taken, no oxidation of the nitrogen takes place. 

To dctt?rmine the presence of nitrogen in a mixture, the following is the process to 
!«.• adopted; — Having removed all absorbable gases and measured off a suitable 
(juriutity in the eudiometer, some pure oxygen is introduced, and the volume of gas 
ineasiire(L An electric spark is now passed through the mixture. Even if no 
diminution of volume should ensue, it cannot be assumed that the gas was pure 
nitrogen, as the combustible constituents may have existed in so smsll a quantity tliiit 
till' glia was not of itself explosive. In order to ascertain whether tltis was the case, 
al)out 40 volumes of electrolytic detonating gas must be added for every 100 volumes 
<>( the incombustible gas. If, after the explosion which then onsues, the volume of gas 
^till remains unaltered, only pure nitrogen could have been piWsent in the gas examined. 

The elcictrolytic gas above-mentioned maybe prepared by means of the apparatus repre- 
s«>titcd in figure 70. The tube A is an ordinaiy test-tube of rather strong glass, filled to 
tlir level s s, with distilled water freed from air by 
bdiing. and acidulated with a few drops of sulphuric 
acid. The open end of the tub^ is closed with a 
Cork provided with a gas-deliveiy tube, and having 
t\yo platinum wires passing through it, to the ends 
of which are attached platinum plates, serving as 
clfi troilcs. Wlien the outer extremities of the wires 
connected with the poles of a voltaic battery of 
two of Bunsen's elements, and the portions of gas 
f V(-Ivcd in the first quarter of an hour are allowed to 
fsriipo, a chemical mixture of 2 vols. hydrogen and 
1 vol. oxygen is afterwards obtained, which disappears 
completely on explosion, so that there is no necessity 
to meas^ the amount of it mixed with any other 
Time must, however, be allowed for it to 
diffiiso itself through the mixture already in the 
cinlicmicter ; for this purpose, half to three quarters of 
an hour should be allowed to elapse, after the introduction of this gas, before the ex- 
F'h'sion takes place, and the eudiometer should be well agitated. 

— ^By exploding the mixture containing this gas with an excess of hydrogen, 
*no^quantity present maybe very accurately determined, care being taken that the 
•iniount of explosive gas bears a proper relation to the total amount prosen^ so that 

* ac detonation is not so violent as to endanger the safety of the tube or oxidise the 
nitrogen if present, and also not too feeble, as in that case oxygen may escape com- 
t twtion. pne-third of the total amonnt of contraction caused hy the explosion is the 
quantity of oa^gen which was present The hydrogen used in these experiments may 

- generated in a small flask from pore zinc and dilute sulphuric acid. To remove 
nny tzuces of carbonic and hydrosulphuric acids, and to pevent sulphuric acid being 

♦ mechanically, the gas, as it is evolv^ shonld be made to vbm through a 
containing caustic potash. The evolution of gas shonld always oe allowed to 

woe jibce for five or ten minutes before any of it u passed up into the endiomelsr. 


Fiff. 70. 
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For reiy esuu^t ezperimentfl, the hydrogen ehoTiId be obtained by another process, 
which yields an absolutely pure gas, namely, from the electrolytic decomposition of 
water. ^ For the generation of this gas, an apparatus similar in form to that used for 
obtaining the detonating gas {fig, 701, may be used. Instead, howerer, of two 
platinum plates, only one is usea, ana the positiYo pole consists of a platinum wire 
melted into the decomposing cell at the bottom, and there brought in contact with a 
layer of mercury amalgamated with zinc. The acid liquid is of the same degree of 
strength as in the former apparatus. On now passing the current of a battery through 
it in the proper direction, pure hydrogen is evolved, and is dried by passing through 
a small vessel containing sulphuric acid, or a tube containing chloride of calcium. 

Hydrogen , — The method of estimating this gas is precisely the reverse of that 
adopted for the estimation of oxygen. The amount of hydrogen present is represented 
by f of the contraction caused by explosion. The oxygen added is best prepared from 
powdered chlorate of potassium, contained in small retorts of about the capacity of 
eight or ten cubic centhnotrog. 

These little retorts ore easily made by blowing a bulb at the end of a piece of glass 
tubing, then introducing the powdered clilorate of potaaaium, and afterwards bending 
the tube a little above the bulb, so as to give it the form of a retort. The open end 
should also be bent upwards, in ord(*r that it may be introduced into the eudiometer. 
The air is, of course, first thoroughly expelled by evolving a considerable amount of 
gas befopo any is allowed to enter the eudiometer. 

Carbonic Oxide , — The method of estimating this gas by absorption has already bocn 
explained ; it is, however, most accurately, and in most cases most easily estimated liy 
exploding it with oxygen, and then absorbing tho carbonic acid formed by means of 
potash. 

Light Carhuretted Hydrogen (Marsh -gas).— This gas is also estimated by exploding 
it with oxygen, and measuring the contraction which has taken place and the amount of 
corhonic anhydride formed. Tliis gas and all hydrocarbons containing their carbaa 
and hydrogen, as they do in a condensed form, require much greater dilation with nou- 
combustiblo gases, in order to modify tho violence of the explosion, and prevent the 
oxidation of any nitrogen which may bo present. Ture light carburetted hydrogen 
■hould bo diluted with from 8 to 12 volumes of air and 2 of oxygen, in order that it 
may he exploded so as to yield accurate results. The object of using air instead of 
merely oxygen as the diluent is, that if the gas has afterwards be examined for 
nitrogen, the amount of oxygen which would be present would probably be so largo 
that the eudiometer could not contain sufficient hydrogen to explode it. 

Ethyl, Methyl, &c , — These hydrocarbons are easily estimated by simple conilmstion 
with oxygen, and measuring tho amount of carbonic acid formed, care only being 
taken that they are sufficiently diluted with incombustible gas. To pure ethyl some 
20 times its volume of air should be added, and 6 or 7 volumes of oxygen. Methyl, 
on tho other hand, requires only about 8 volumes of air and 2 or 3 of oxygen. In operat- 
ing with a mixture which may contain any of these gases, and of entirely unknown 
composition, tho best method of proceeding is to add at first so much air and oxygen 
that even if the whole of the gas were ethyl, an explosion of not undue violence would 
take place. If the gas should not explode on passing the spark through it, then a simdl 
quantity of electrolytic gas or hydrogen must be added. In this way all danger of a 
violent explosion may be avoided. The solubility of tho gases in strong alcohol may 
sometimes be examined with advantage, in order to ascertain roughly what is tho 
composition of tlio gas operated on, and^onsoquently how much diluent it is necessary 
to add. 1 volume of alcohol will dissolve some 18 volumes of etlwl, while of methyl 
and hydride of ethyl it dissolves only about its own volume. With regard to tliese 
two gases, methyl and hydride of ethyl, since they are isomeric, and in e^nal volumes 
contean the same amount of carbon and hydrogen, they cannot be distinguished by 
any eudiometrical process. 

The methods adopted for calculating the composition of the gas from the data which 
have been thus obtained, are as follows : — -With the gases that ore estimated dire^ly 
the nature of the calculation is easily understood. Sy taking a definite example, the 
method iwed in calculating the amount of combustible gwes in a mixture will bo rende^ 
vexy obvious. Suppose men that the gas introduced into the long eudiometer contains 
hydrogen, carbonio oxide, light carbu^ted hydrogen, and nitr^;en. Oxygen would 
be introduced, the mixture exploded, and the carbonic add formed absorbs ; then to 
determine the amount of nitrogen present, hydrogen must be added in excess^ and the 
mixtiae again eiploded to remove tho oxygen remaining. 

Let a be the amount of gas in the long eudiometer, 
i „ „ ailer the Edition of oxygen^ 

e n „ after the explosiont 
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Let A be the amoimt of gae after tbe absorption of the carbonic acul, 

^ » I, after the addition of bydroge&« 

f „ „ after explosion. 

From these obserrations the following data are dedutsed : — 

A the volume of combustible gaa. C, the volume of carbonic acid formed, 

oxygen consumed, D, „ nitrogen present, 

Ijn/ represents the amount of oxygen which remained unconsumed by the first ex- 
pinion. If this quanti^ be deducted from A, the remainder is evidently the amoiuit 
of nitrogen present 


A, the volume of combustihle gas which was present, is found by deducting the 
amount of nitrogen from the original volume of the gas, thus : — 

By subtracting the amount of oxygen — ^ consumed in the second explosion from 

tlie .'iniount originally added, we obtain /?, the amount consumed by the combustible 
g:is,thui; — 

The amount of carbonic anhydride formed, is : 

C ^ c A, 


The values of /?, and C being thus known, it will bo possible to calculate from 
them tliat of the three unknown quantities ; 

X the volume of hydrogen 
y „ „ light carlmrctted hydrogen 

s „ „ carbonic oxide 

On undergoing combustion the hydrogen and carbonic oxide combine with half 
tlicir volume of oxygen, whereas the marsh-gas requires twice its volume; and ftirther, 
lK»th the carbonic oxide and marsh-gas on combustion produce a volume of carbonic 
acid equal to their original volume. These data give, then, the tlirco following equa- 
tions : — 


X + y + flr 



y + sf 


A 

B 

C 


and from these may be deduced the value of jr, y, and 

X- A - C 


2B--A 



Thus is obtained the quantity of these gases present in the fixture. If another 
comhuslible gas had been present, its amount might also have been determined by esti- 
Tu.ating the water produced by the explosion as well as the carbonic acid ; or else 
it might be determined by previously removing the carbonic oxide by subchloride of 
copier in the maimer alread^ described. The aqueous vapour in a gas is estimated by 
plying the eudiometer within a larger tube, and filling the space between the two 
wit h steam, the hegt from which, as the gas is under a diminished preasnre, is quite 
sufficient to convert the whole of the water into vapour, 

^ If two members of the olefiant gas series OH^ should occur together, the quan- 
tity of each present may be indirectly estimated' in the following way : — A complete 
atialysis of the gas must be made in the ordinaiy manner, absorbing the olefiant gases 
l y fuming sulphuric acid, and exploding the combustible gases with oxygen. A 
jwnd analysis must afterwards be made ; but, instead of introducitig sulphuric acid 
to absorb the olefiant gas, oxygen is added, and the whole exploded.^ The aifierenee in 
toe amount of the carbonic amd frnn^ and in the contraction which has taken place 
the explosioBf is evidently due to the olefiant gases present. 
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Letf^atte 4>f«l€fiant gasea 


^ ciurbqnic acid 

f» >> contraction on combusta^n ^ C 

If the two g^s^are, for instance, belieTed to *be ordinary ol^ant gas and bnt^len^ 
then, sinca l votnme of olefiant gea gives 2 volnmes of carbonic aci^ and 2 yolamea 
contraction, and 4 volume of butylene gives 4 vohimea of carbonic anhydride and 
3 volumes contraction, then, if x represent the former gas, an4 ff latter-^ 

X -ir y « -d 
2r + 4^ — i? 

5-2^ 

y 3“ 

.S-2A 
x-A 

The contraction C gives also a third formula : 

2x + Zy ^ C 

whirl], combined with the first equation, gives the values of x ffody to be: 

y=C^2A 

X ^ + 2^ 

The values obtained from both these sets of equations ought to agree. 

By means of the following table, it will be easy to ascertain what formulae have to be 
adopted in calculating the amount of combustible gases present in any mixture.*^ 




Hydrogen 

Carbonic oxide • • • • 

Hydride of methyl . « 

Olefiant gas . . • • 

Methyl 

Hydride of ethyl . • • • 

Propylene . • • • • 

Butylene 

Ethyl 


If the gaseous mixture consisted, for instance, of hydrogen, carbonic oxide, and 
nitixjigen, and if .d = the volume of the gas, 6' the diminution after explosion, and D 
the amount of carbonic acid produced, then taking x « hydrogen, y •* carbonic acid, 
and X tm nitrogen, we have : 

X + y + X ^ A 
3 y ^ 

2 2” ^ 


Volume of 
Oxygen 
consumed. 

Decrease of 
volumo after 
explosion. 

Vol. of 
carbonic 
anhydride 
produced. 

06 

1*6 

0 

0*5 

0*6 

1 

2*0 

2*0 

1 

3*0 

20 

2 

3*6 

2*6 

2 

3*5 

2*6 

2 

4'6 

2*6 

3 

60 

30 

4 

6*6 

3*6 

4 


which gives : 


2 

y « i> 

2C--J) 

3 

D 

j 2C + 2D 
^ 3 


As another example may be taken a mixture of hydrogen, carbonic^ oxides and 
hydride of ethyl or methyl gas ; then, if x, y, and x represent the quantities cf thsae 
gases present : 

• 3^ + 2f7 - 4Z) 


td ~ 20 4- i> 

y “ 3 

20 ^ 2D ^ ZA 

gr— 
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(For farther detail*, see TOijiBfe Gteronietry, traiwlated 1>y Hoseo^ London, 18d7, 
pp. 42 -lU; Regnaulli ** Cbur* ^toenteire de chiimet Pteis, 2"*id. iv. 73—103; 
HaotiV‘ d. Chem. 2»* Autf. L 930— 97A) W. J. R. 

AVAl*ViiI0f ZOOCBSMSCA&« See Aitaxtsis, Oftailiic^^p. 26<t 

AlTAMZBTnrf — The faJttjr matter extracted from grains of paradise or 

C(X‘cuIua indicus (Awmiria cocculus\ is^tomposed of a solid glyceride, called anawf>#/» 
nr sharophanin^ together with a oertain quantity of a ftae. fatty acid. The seeds are 
first freed fix>m pIcrqtQMe imd colom-ing matter by digestion in ether, then exhausted 
with hot cthe!v and till filtered ethereal solution is exposed to a low temperature. 
Ananiirtin then separat^ m arborescent ciystais, which are purified by two or tl^e 
rrystallisations from boiling absolute alcohol. It melts at 36 or C., and on cooling 
FoIiJifios in a wihnkled mass, ^ut does not ciystidiise. It is waxy and not fbiable. 
(Francis, Ann. Ch. Pharm. xlii. 264.) 

Anafnirtic acid is obtained by saponifying nnamirtin with caustic potash and 
decomposing the soap with hydrochloric acid. It then separates as a colourless oil 
which gradually solidifies in a white crystalline mass. When dissolved in boiling 
dilute alcohol, it cryst^liaes on cooling in small needles, which have n nacreous lustre 
when dry. It melts at 68® C. and solidifies on cooling in very brilliant radiating masses. 
According to Francis (Ann. Ch. Pharm. xlii. 264) it contains Ueintx, 

however (Ix?hrb. d. 2Joochemie, pp. 387, and 1671'), wnsiders it to be identical with 
stearic acid. The sodium-soft separates from boiling absolute alcohol in elongated 
pri>ms. The silver-salt is a white precipitate, soluble in iimmoniu, and soon blackened 
iiy t‘XfK)Sure to light. Anamiriaie of ithyl is obtained by passing hydrochloric acid 
;^:is fur s(*vcnil hours into a hot alcoholic solution of nnamirtic acid. It separates at 
the surface of the liquid, in the form of aneaidy colourless oil, which solidifies on cool- 
iiiiT. It is but slightly volatile, and is partly dcconiposed by distillation. It contain* 
7d'4 per cent, of carbon, and 12*69 of ox^^gen. 

ASrAMTAS, OXXi OR BSSBROS A solution of butyrate of ethyl in 8 or 10 
times its w'eight of alcohol possesses the odour of the |)ine-apple [^Ananassa 8atim\ and 
is emjiloyed in confectionery and perfumery, also to imitate the flavour of rum, Thu 
butyrate of etliyl thus used must be quite free from volatile fatty acids. (Hofmann 
Ann, Ch. Pharm. Ixxxi. 87.) 

A.2VATA8B. Octafiedrite, Titane anatase, TiO^. — A pure op nearly pure oxid* 
of titanium crj'stallised in octahedrons, belonging to the qiiadmtic or dimetric system, 
with angles of terminal edges, = 136®22 and of lateral edges 07®66. The ci^stals 
arc otteii very much elongated : hence the name, from ia>Aiu(n%, erection. The mineral 
has an adanmntine lustre, exhibiting various degrees of translucenry dowTi to com* 
plfttMjpaeity ; its colour by transmitted light is greenish-yellow; by reflected light 
ycliow-grty, honey-yellow, hyacinth-red, clove-brown, and iron-black, more rarely 
<iark sky-lilue or indigo. Cleavage distinct parallel to the octahedral faces. S|>ecifitf 
gravity 3‘8;j — 3’95, sometimes uftcr heating, 4*11 — 4*16. Hardness 6*6 — 6. It is 
1 'rit t Ic, wuth sub-conchoi'dal fracture, and yields a colourless pow’der. fitreak uncoloured. 
intnsihle before the blow-pipe. Anatase is found most abundantly at Pourg d'Oisan*, 
111 Pauphiu4, with felspar, axinite, and ilmenite. It occurs with mica slate in th* 
in Bavaria near Hof; in the Fichtelgebirg, Norway; and in the Urals; in 
c.iJurite in Devonshire ; with Brookite at Tn'iniidoc, North Wales ; in Braxil, in 
qiuirtz, and in highly lustrous detached ciystals. It is also said to occur in the slag* 
f«'>m the iron furnaces of Orange County, New' York. (Dana ii. 122; Handw. d. 

< hem. *p*. Aufl, i 990). (See Bbooxite, Rutij.k, Titanic Acid.) 

ASTATTA, See Annotto. 

AWATOXTB. The name given by Breithanpt to a hydrated silic:ite of magnesium 
and aluminium found at Bilin in Bohemia. Its composition has not yet l>pen ascer* 
aiifrd with accuracy, but it contains 11-5 per cent, water, and 66-7 per cent, silica. 
tl IS softer than calc-spor, of a greenish- white colour, with mother-of-pearl lustre, 
ranslucent at the edges. Specific gravity 2*26. Cleavage in one direction very dis- 
tinct. A doubtful species. (Handw. d. Chem. i. 991.) 

j. ^•CHOXC ACZB« C*H’*0* ■* C*H**0**ro!0*. Leparyylic ociV?.— Discovered 1)y 
nekton (Chem. Soc, Qu. J. x. 166) among the products of the oxidation of Chinese 
ftf fi acid; and by Wi rz (Ann. Cb. Pharm. civ. 266) among the products 

tee action of nitric acid on the solid fatty adds of cocoa-nut oil. 

When Chtne*e wax i* oeated for several hours with 4 or 6 times 
Jis volume of nitric add, of specific gravity 1*39, the acid which distil* over being 
ftninially ponred back, a greenish distillate » obtained, containing caprylic, ceiian- 
■'*d butyric ad^ and a residue consisting of anchoic acid, toother with 
'oi . I. * U 
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suberic andpimelic adds. On boiling this residue wkb water, eraimrating the flltiate 
to the crystaUising point, pressing the crystalline crusts thus obtained, washing with 
ether, and recrystallising m)m hot water, anchoic acid crystallises out pure, the other 
acid remaining in solution. Cerotic acid also yields anchoic acid when treated with 
nitric acid, but not so readily as Chinese wax (Buckton). — 2. Several , pounds of 
the solid fatt^ acids of cocoa-nut oil (obtained by decomposing the soda soap with dilute 
sulphuric acid, and diatiUinp off the volatile acid), arc digested with nitric acid for 
several weeks till the oxidatmn is complete, and the mass solidifies in a white crystal- 
line magma ; this product is dissolved in twice its volume ^ hot water ; and the 
granidar mixture of suberic and anchoic acids which separates is redissolved and 
recrystsUieed several times, at last from weak alcohol, till the portion which first 
crystallises out exhibits the composition of pure anchoic acid. The mother-liquor 
separated f]*om the mystalline magma of Biiberic and anchoic acids, contains several 
other acids of the series (see Acids, p. 52) viz. pimelic, adipic, lipic, and 

succinic acid. (Wirz.) 

Properties^ — Anchoic acid forms snow-white abnegated nodules (Buckton); round 
granules resembling those of suberic acid, but harder (Wirz). Helts between 114® 
and 116® C. (Buckton); partially at 116®, completely at 124®, and aolidifles on cooling, 
in a finely radiated nacreous mass (Wirz). At a stronger heat, it sublimes wi% 
partial decomposition, emittii^ white inodorous vapours, which pr^uce a very suffo- 
cating effect when inhaled (Buckton): hence the name (a 7 X«*r, to suffocate). It 
dissolves in 217*4 pts. of wat.er at 18® C. and volatilises partiidly when the solution is 
evaporated (Wirz). Hot water dissolves it readily, the solution becoming whiter and 
semi-fluid on cooling (Buckton). It dissolves also in alcohol; has an acid taste and 
reaction. 

Anchoic acid is dibasic, the formula of the neutral anchoates being C*H“0* M^.O* 
It also forms acid salts. Anckoate of ammonium is an amorphous mass, which dissolves 
readily in water and alcohol, and gives off ammonia when heated. Neutral anchoate 
of potassium forms indistinct crystalline masses, which dissolve readily in water. 
The acid salt, forms microscopic granules, which remain unaltered at 140® C. 

It dissolves in 3 pts. of cold water, more readily in hot water ; soluble also in wood- 
spirit (Buckton). The aodium-n^Xt crystallises more readily than the potassium-salt. 
Neutral anchoate of barium, C*H’ ‘BaW, is obtained by neutralising the acid with 
baryta-water, or with carbonate of barium, or by precipitating a mixture of the 
ammonium-salt and chloride of barium with alcohol. Forme a transparent film which 
becomes dull at 100® C. (Buckton). After drying over sulphuric acid, it forms a 
white opaque mass, having the aspect of porcelain (Wirz). It is very soluble in 
water, insoluble in alcohol and in ether (Buckton). It does not appear possible to 
prepare an acid anchoate of barium (Buckton). 

The ammonium-salt forms a gelatinous precipitate with chloride of calcium, white 
with acetate of lead, whitish with /a rrows sulphate, light brick-red with/«rr«j chloride, 
and bluish-green with cupric sulphate (Wirz). It also precipitates ^nc-salts, mercu- 
rous salts and tnercunc salts (Buckton.) Anchoate of sUver C»H“Ag*0*, obtained by 
precipitation from the ammonium-salt, forms a white powtler which soon decomposes 
when moist (Wirz) : white flocks, which are permanent at 120® C., and dissolve spar- 
ingly in water. (Buckton.) 

Anchoate of Bitni/l. C**H^40«»aC*H**0^.(O*H*)*. — Obtained by passing hydrochloric 
add gas into the alcoholic solution of the acid. It is a yellowish viscid oil, lighter 
than water and having an agreeable odour. It boils at 326® 0. (Buckton). Becomes 
brown without distilling at 260® (Wirz). 

dblfCHlTflXlfi OP AXTCBITBXO ikOUs* The colouring principle of the aBcanet 
root {Anchtisa tinetoria). It is extracted by first macerating the root in cold 
water, to extract the matters soluble in that liquid, then drying it in a stove, and 
exhausting with alcohol. The solution, at first red, becomes violet by boiHim, then 
of a mvyish-greeu ; these changes of colour may, however, be prevented by aiding a 
few drops of hydrochloric acid. The extract is concentratod, and agitated with «n«r, 
which then becomes charged with the colouring matter, and yields it by evaporation in 
the form of a resinous mass. Anchusin is an amorphous substance, having a deep red 
colour and resinous fracture : the colour is not altered by exposure to lights It softens 
at 60® G, At a higher temperature, ft gives off very pungent violet vapours, similar 
to those of iodine ; at a very high temperature, it becomes carbonised, ft is insoluble 
in water, but dissolves in alcohol, and eemedally in ether ; oil of turpentine, and fbmd 
oils also dissolve it According to Bolley and Wydler (Ann. Ch. Pharm. UL 141) 
it oontaini C“H*0* ; 71*33 p. c, C; 7*00 H. 

Kitric acid tmnsfohns anchusin into oxalic add and a bitter substance. CoDeen* 
tt*tod sulphuric add dissolves it, forming a solution of a l>eaiitiful amethjrsl eolfWb 



ANCHUSIN — ANEMONIN. £dl 

The alkalifl A>rni with andhuain blue comTOunds, soluble in water, less eoluble in 
alcohol and ether. With subacetate of lead it forms a bluish-grey precipitate soluble 
ill alcohoL 

The alcoholic solution of anchusin eraporated over the Water-bath, leaves a blackish 
green residue from which water extracts a brown substance. The insoluble portion well 
washed with water and then treated with ether, yields a green extract containing; 
according to BoUey and Wydler, and formed fifom anchusin by fixation of 

water, and elimination of carbonic anhydride ; 

C"H"0* + 2H*0 « C«H«0« + CO*. 

A WO A& USXTB. Al*0*.SiO*, or — A <^8tallised mineral, fbund 

originally in the Spanish province of Andalusia, and occurring also in Scotland, Ireland 
the Pyrenees, and other localities, in mica-slate, and others of the older rocks. It 
forms rhombic prisms, belonging to the trimOtric system, with angles of 91^ and 
38“ 27^ Specific gravity from 3*0 to 3*2. Hardness « 7*d. It is invisible before 
the blowpipe : dissolves with difficulty in borax, forming a clear glass, and even less 
easily in phosphorus salt. It is insoluble in acids. The alhmina is generally more 
or less replaced by the seaquioxide of iron and manganese. The minerals ckiaitoUU 
and cyanitfi have the same composition as andulusite ; cyanite, however, belongs to 
the triclinic (doubly oblique prismatic) system, and is found in the oldest plutonio 
rocks, whereas and^usite and cyanite occur in metamorphic rocks, as in mica-slate 
and clay -slate. Crystals are also found having the external form of andalusite, but 
niside up of a mass of fine crystallaio grains of cyanite. (Haiidw. d. Ohem. 2** Aufi. i. 
991 ; Cm. iii. 412; Dana, ii. 257.) 

AWOAQirxss-WAW. {^Cera de loa And^igidts.) — The wax of a peculiar species 
of bee, found near the Oronoco and Amadou rivers, and used as a substitute for 
ordinary beeswa^ in the manufacture of caudles, &c. According to Lewy (Ann. 
Ch. Phys. [3] xiii. 458), it has a density of 0*917, melts at 77^ C., and contains 31*6 
per cent C, 13*5 H, and 4*8 O. It is not however, a definite compound, but, like 
ordinary beeswax, is a mixture of three different fata, one of which, constituting about 
half the entire substance, i^* insoluble in alcohol, melts at 72^0., and is identical with 
palm-wax. The solution obtained by boiling the original wax with alcohol deposits 
on cooling, a fat which melts at 82*^ C., and agrees in every respect with ceronn ob- 
tained from the sugar-cane ; this substance exists in the Andaquies-wax to the amount 
of 45 per cent. Lastly, the alcoholic mother-liquor yields by evaporation about 6 per 
cent, of an oily fat, not yet further examined. 

AWXiasxw. A mineral resembling felspar in external appearance, but difiTeruig 
from it essentially in composition. It may bo represented by the general formula 
M*) 

(A]3yiM'^>0* = M“O.SiO* -I- Al*0*.3Si0*, or (regarding silicic acid as tribasic) ■» 

33/0. 2 + 3(A/*0*.25j 0*), the symbol M denoting potassium, sodium, calcium, 

or magnesium, which metals may replace each other m any proportions. Speeille 
gravity 2*733. The mineral was originally obtained from the Anacs, but has since 
be^'n found in the Vosges and in other Jocalitios. (Ilandw. d. Chem. 2** Aufi. i. 998.) 

AWWABASBXmOOAITa and AWWaSOUrS. 8ee ILkBMOTOiuu 

Awsneownr. 0**iF/**0* (?) — A crystalline body, obtained from the leaves of 
^voral species of anemone, viz, Anet?tone pulantdlCy A, pratensis, and A. nemorosm. 
Water distilled oflT these leaves deposits, after some weeks, a white inodorous substance, 
which softens at 150® C., giving off water and acrid vapours. It is purified by 
related rcciystallisation boiling alcohol. 

1 uf ®*‘y*^*i* belong to the trimetric system. In the cold, they are but sparingly 
soluble in alcohol ; ether and water dissolve but little, even at a boiling heat ; the 
solutions arc neutral Anemonin is a poisonous substance; applied to the skin, it 
pMuces slight irritation. 

By the action of alkalis, anemonin is transformed into anemonie acid. Boiled with 
e^ter and oxide of lead, it yields a crystalline compound, C?**.£f**0**.P5D, soluble in 
boiling water. Strong sulphuric acid bUckeneanemonin. Hydrochloric acid dissolves 
sensible alteration. By oxidising agents, such as peroxide of manganese and 
wilphimc acid, it is converted into formm acid. Chlorine attacks it rei^ly whan 
ncated, forming hydrochloric acid and an oily volatile body. 

Anemonie Acid. — Thia name has been applied to an acid substance produced W 
we action of baiyta-water on anemonin (Ld wig and Weidm/inn, Pom. Ann. xlyh 
*o), and likewise to an amorphdiu subetimoe, is deposited together with 

^nin, from distilled anemone water {Sebwars, Msg. Phann. x. 193; six. 166^ 
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ANGELIC ACID. 

Feliling, Ann. Ch, Pharm. xxxyiii. 218). Both these substances are said to consist 
of anemonin together with the elements of water. (Gerhardt, Trait4 iv. 263.) 

AJrOSXiZOA BA&8AM« When the root of archangel {Angdica arclumgdictC) 
is exhausted with sti*ong alcohol, and the residue left after distilling off the greater 
part of the alcohol is evaporated over the water-bath, a viscid mass is obtained, which, 
when washed with water and digested in ether, yields a solution from which, by eva- 
poration, a black-brown balsam is obtained, amounting to about 6 per cent, of the root. 
This balsam is a mixed product, and on treating it with potash-ley and distilling off 
part of the water, a small quantity of an essential oil {angdica~oil) separates ; on con- 
tinuing to heat the mass with the alkaline liquid, a waxy body {angelica-wax\ is left 
behind: and the liquid concentrated to a certain point fields a ciystalline resin, 
angdidn. On distilling the residue with excess of sulphuric acid, butyric acid passes 
over with the water, and afterwards angelic acid. (Buchner, Ann. Ch. Pharm. xlii, 
226.) 

AWOBUO B.CZ1>. C®H®0* « [or C'*^0»./fO.]-~Thia acid exists 

in the root of the archangel, Angdica arcMngelica (Buchner, Ann.Ch. Pharm. xlii. 
22G), and in sumbul, or moschus root, a drug imported from Asia Minor, and probably 
also belonging to an umbelliferous plant. From archangel root it is prepared by boil- 
ing fifty pounds of the root, cut into small pieces, with four pounds of lime and with 
water, straining through a cloth, concentrating the liquid, and distilling it with dilute 
sulphuric acid. A complex distillate is then obtained, which is neutralised with potash, 
and evaporated to dryness over the water-bath. The residue, distilled with sulphuric 
acid diluted with twice its weight of water, yields first a distillate of water, acetic acid, 
and valerianic acid, and afterwards angelic aeid, part of which crystallises in the neck 
of the retort, while the rest passes into the receiver ; on leaving the distilled liquid in 
a cold place for some days, the angelic acid dissolved in it crystallises out. The 
crystals are washed with a small quantity of water, and repeatedly crystallised to free 
them from valerianic acid (Meyer and Zenner, Ann. Ch. Pharm. Iv. 307). — ^From 
auTidrid root the acid is obtained by exhausting the root with alcohol, evaporating the 
filtered solution, boiling the rosiitual balsam with strong potash-solution, filtering to 
separate a volatile oil, mixing the brown-red alkaline filtrate with sulphuric acitl, 
which separates a dark brown oil, and distilling this oil with water, added at intervals 
as long as the distilhitc continues to be mixed with drops of oil. This distillate, set 
aside in a cold place, deposits angelic acid, winch may be purified by twice saturating 
it with carhonatc of sodium, distilling with sulphuric acid, then distilling it alone, and 
lastly, boiling it for a long time to separate sumbulamic acid. (Reinsch, Jahrb. pr. 
Pharm. vii. 7^1.) 

Angelic acid is also produced by lieating the essential oil of chamomile {Anthemia 
nobilia ) — which consists of angelic aklehyde, together with a hydrocarbon (C*H") — ■ 
with hydrate of potassium : 

en-O -H KIIO - C^IPKO* -f 2II 

Ansetic APKslate of 

aMetiyde potasi.Uun. 

The oil must be gently heated with pulverised and tolenbly dry potash, till the 
temperature of the muss rises considerably, and hydrogen begins to escape. If tha 
source of heat be then removed, the action goes on by itself, the hydrocarbon vola- 
tilises, and angehite of potassium remains mixed with the excess of hydrate. On 
dissolving this residue in water, taking off the small remaining portion of oily hydro- 
carbon with a pipette, and trt»atmg the solution with sulphuric acid, angelic acid rises 
tn the surface in the form of an oil, which solidifies in a crystalline mass on cooling. 
This mode of preparation is much more productive than the preceding, provided the 
application of beat be discontinued at the right t ime. If it be continued too long, with 
the view of expelling the whole of the hydrocarlion not attacked by the j^tash, a 
•iderable portion of nie angelic acid will be resolved into acetic and propionic acids ; 

C*H«0* + 2BPO - C»H*0« f C»H"0* + H» 

the admixture of which gr^tly impedes the crystallisation of the angelic acid. 
(Gerhardt, Troiti ii. 449.) * 

Angelic acid is also produced, together with oreoselin, by treating peucedaain witll 
alcoholic potash : 

+ KHO - OWKO* + CTI-O* 

Peuee- Angelata OreoMlin. 

Uanio. ofpoiaMtum. 

(W agner, J. pr. Chem. Ixii. 276 .) 

.^bi^lic acid cfystaUises in large long prisma and needles, which are eoloaiilsas oaA 



angelic acid — anhydrides. as® 

tianspsTent. It melts at 4fi° C., boils st 190°, and distils without decomposition. It 
has a peculiar aromatic cnloiir, a sour but aromatic taste^ aud reddens litmus. It burns 
with a bright and rather smoky flame. It diasolves sparingly in cold, but abundantly 
in hot water, whence it crystallises in needles on cooling. In alcohol, ether, oil of 
tur^ientine, and fat oils, it dissolves witli great facility. 

Angelic acid is monobasic, and belongs to the series of acids whose general formula 

jg 1 other known members of which are acr}dic acid (C*), pyroterebic 

hypogaeic (C”), and oleic (C*). 

The angelates of the a meta/s are soluble in water and alcohol. The 
gait, (C*Ii'0*)*Ca" + 211*0, forms shining Inmitne, very solublo in water. The soluble 
angelates form with /d'«if-salts, a white precipitate. (C*H'0*‘)*Pb", soluble in a largo 
mmntity of water; with ferric salts, a tlc'sh-coloured insoluble precipitate; with cupric 
ttalfs, a* bluish-white sparingly solublo procipifate ; with vurvuroiis nitruto, a white 
precipitate, which soon turns grey and redissolvcs; u’ith mercuric chloride, no pre- 
cipitate ; and with nitrate of silver^ a white precipitate, which dissolves in a Jaige 
quantity of water, forming a solution which after a while deposits metallic silver. — A 
somewhat acid solution of oxide of silver in the boiling aqueous acid, yields, when 
evaporated at the gentlest possible heat, small, greyish-white crystals of the normal 
silver-salt, C*H’AgO*, sometimes also laminse of a basic salt. (Meyer and Zenner.) 

Anqelate of Ethyl, Angelic Etker^ is obtained by distilling angclate of sodium with 
a mixture of 1 pt. strong sulphuric acid, and 2 pts. of 94 per cent, alcohol. It is a 
colourless oily liquid, which smells like sour apples, has a sweetish, burning, aroinufi6 
ta.ste. and excites coughing and headache when inhaled. (Keinsch and llccker, 
Jiihrb. pr. Pharm. xvi. 12.) 

A NOEL 10 An H YD BIDE, or Atthydrous Angelic Acid, C'®H*^0* — (C®H'0)*0.- ■ 
Produced by the action of oxychloride of phosphorus on angelato of potassium : 

+ PO.CI* = + P0‘K* + 3KC1 

6 at. antfclato Oxychloride 3 at. angelic 
ol putassiuiii. of |tlioaphurut. anhydride, 

Tlie visind oil resulting from the action yields, when treated with carbonate of sodium 
and then with ether, a solution which leaves the anhydride on evaporation. It is a 
perfectly neutral, limpid oil, lieavier than water, and having a peculiar odour quite 
different from that of angelic acid. It does not c^stallis^ even at the temperature of 
a mixture of ice and salt. When distilled, it begins to boil at 240° C., but tlio boiling- 
point soon rises to 250°, and the compound is subsequently dccom|ioscd, yielding a 

distillaUi of angelic acid and a neutral oil, and leaving a carbonaceous residue The 

anhydride is but slowly rendered acid by the action of water, but dissolves readily in 
strong alkaline liquids. Aqueous ammonia first converts it into a buttery mass, and 
then dissolves it. In contact with aniline, it becomes strongly heated, and deposits 
crystals of phenyl-angelamide, N.H,C®H*,C®H’0. (Ohiozza, Ann. Ch. l*hys. [3] xxxix. 
210 .) 

AVCtBXiZCXar. A crystalline substance obtained, according to Buchner, by treat- 
ing angelica-balsam with potash (p. 287). 

AWOBBJUna. A variety of vivianite, found at Arglac, in the department of the 
Haute- Vienne, Franco. 

ABro>BBBZTS« Native Sulphate of Lead. 

AX airs TU BZM s. An OT^nic base, said by Brando to exist in true angustura 
bark, Cusparia febrifuga. Its existence is doubtful. 

ASTBYXlRZSas. Secondary Negative Oxidec, or Oxides of Acid*rcdiclei , — These 
bo^es are also often called anhydrous acids, and are sometimes even confbunded with 
acids. As regards their composition, they stand in the same relation to acids as oxide 
of ^tassium, K*0, to potash, KHO ; or, generally, as anhydrous (secondary) oxides, 
to hydrates (primary oxides): that is, they represent one or more atoms'^of water, 
’’"'0 (the substance taken as the standard of comparison for all oxides), in which 
the whole of the hydrogen is replaced by one or more negative radicles ; while the 
eoimponding acids represent one or more atoms of t|ater in which the same radicles 
replace one half of the hydrogen. 

For example ; — 

SyPpchloroui anhydride ■■ CLCLO, bypochlorons acid H.CfI.O, 

^fitric „ « NO*.NO*.0. nitric - H,N0*.0, 

Acetic „ * OTI»0.C*H*0.0, acetic ,, - H.C*H»OA 

Benaoic „ C*H*0,CrH®0.0, benxoie „ - a.C»H*O.Ol 

fi 9 
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ANHYDRIDES. 


Aceto-bdjusoic anhydride C®H*0.C*H*0.0, 

Sulphuric „ - SO* O, flulphimc acid H».80*.0* 

Succinic „ *= C^H*0*.0, succinic „ m H*.C^HWO* 

Phosphoric „ » PO.PO.O*, phosphoric „ H» PO.O*. ' * 

Erora these instances it is evident that there are three classes of anhydrides, namely. 
(a) those which derive from 1 at water by the replacement of H* by 2 atoms of the 
same monatomic acid-radicle (hypochiorous, acetic, &c*), or by 2 different monatomia 
radicles (aceto-benzofe, &c.); (6) those which derive from 1 at. water by the replace- 
ment of H* by 1 atom of a diatomic acid-radicle (sulphuric, &c.); (o) those which 
derive from 3 at. water by the repkeement of H* by 2 atoms of a triatomic acid-radicle 
(phosphoric). Anhydrides deriving from 2 at. water have not yet been shown to 
exist. 

All anhydrides are more or less quickly converted into acids by the action of water 
or of hydrates; in the dry state, or when dissolved in ether or other liquids which do 
not change them into acids, they are without action oii litmus or other vegetable 
colours. 

Anhydrides (a) are obtained by the action of chlorides of monatomic acid -radicles on 
monatomic acids or salts : 


2(C1.C1) + Hg^.Cl»:0* « 

Hypochlorite 
of mercury. 


C’H*O.Cl + K.C*H*0.0 « 

Chloride of Acetate «f 

benzoyl. |>otaB*iuni. 


HgT.CP + 2(C1.C1.0.) 

Hyynchlnrous 

aiihjrdride. 

KCl + C“H'0.C’H*0.0. 

Aceio-benzoic 

anhydride 


bodies, and those which contain only one acid-radicle, are 
usually Toktile without decomposition: those which contain two acid-radicles are 
decomposed by heat into two anhydrides, each containing one radicle. 


C*H*0.C»HK).0 + C*H*0.C»HK).0 

Aceto-benzofe Acelo-henzoic 

anhydride. anhydride. 


C*H*0.C*H*0.0 + C^H*O.C’IPO.O. 

Acetic anhydride. Benzoic unhydiide. 


ne anhyi^des of this class, which correspond to organic acids, are insoluble or but 
•lightly soluble in water ; they dissolve in alcohol, but are graduaUy decomposed bv it 
forming salts of ethyl (comjjound ethers) ; in ether they dissolve without alteration. 

, Ammonia and its denvativea convert them into amides, or alkalamides 


C»H*O.C’H»0.0 + 2NH* 

Benzoic anhydride. 

C*H*0.C*H»0.0 2N.C«H*H» 

Acetic anhydride. 3 at, phenyl- 

amine (aniline). 


H»0 + 

H*0 + 


2(N.C’H»O.H*) 

2 at. benzamlde. 


2 at, phenyUcetamide. 


With perchloride of phosphorus they mve chlorides of monatomic acid-radicles : with 
■^Iphide of phosphorus, sulphanbydnaes (secondary negative sulphides). 

The anhydrides (6) correspond to dibasic or diatomic acids. They are formed by 
the decomposition of these acids, or their salts, by heat. 


Succinic acid. 

Fe*(S0*)*0« 

SeiquUulphate 
of iron. 


H*0 + 


Fe^O* + 

Sesqul- 
ozide of 
iron. 


C*H*OlO 

Succinic 

anhydride. 

8(S0»0) 

S at. zol. 
pburie an- 
hydride. 


With ammonia, they give ammonium-salta of amie acids : 


C<H<0*.0 + 2KH* - N.C<H*0*.H»NH* O 

Buceiomtot. of wmno* 
anhydride. nium. 

•ad, to some extent, also secondary amides (imides) : 

C«HW.O + - HK) + N.C^H^O* H 

Suo^nic anhji Succioimide. 

dride. 


They react in a similar way with phehylamine (aniline) and some other nrimsry deri- 
Tatives of ammonia. 

Perchloride of phosphorus converts them into chlorides of diatomic aeid-fadieles. 

In the case of sulphuric anhydride, SO", or SO* O. which has been mudi 
adnutely studied than any other anhydride of this class, eerraia additionsl rrsnfloitf 



* aa§ 

haT* liMii otMorred. For instano^ it haa 1)aen found to oombina irith IqrdNtUocIe 
acid, fotming chloriiyd««ulphuiic acid ; 

SO* + Ha - Hso>a 

Chlorhydro. 

•ulphiirJc 

■cid. 

as well as with other chlorides, inorganic and organic (chlorides of ammonium, 
barium, ethyl, phenyl, &c.), to fom compounds which represent the metallic salts and 
ethers of this acid. It also combines with hydrocarbons, producing neutral compounds 
of varying constitution : 


2SO» 

+ C*H* « 

C*H*S*0* 


Ethylene. 

Etiilimic 

anhydride. 

SO* 

+ 2C*H* « 

H*0 + C»H«SO» 


S St. ben- 

Sulphoben- 


sine. 

side. 


The comparison of these reactions with those produced by acids in similar circum- 
stances (see pp. 43, 44), makes it clearly evident that anhydrides and acids are essen- 
tially different in their chemical characters. 

Very few triatomic anhydrides (c) ore yet known. Phosphoric anhyflride, P*0*, or 
PO.PO.O*, is the only well known member of this class. It is obtained by the direct 
combination of phosphorus and oxygen. Ammonia converts it into phoaphamic acid : 

PO.PO.O* + 2NH» * IPO + 2(NH.PO.HO) 

with perchloride of phosphorus it gives oxychloride of phosphorus (chloride of phos- 
phoryl) ; and, like sulphuric anhydnde, it combines with hydrochloric acid.— G. C. F. 

jkJVSTBRXTB. Anhydrous sulphate of calcium. There are six varieties of it : 
1 . Compact. Has various shades of white, blue, and red ; massive and kidney-shaped ; 
dull aspect; splintery or conchoidal fracture; translucent on' the edges; is scroUihod 
by tluor, but scratches calc-spar ; somewhat tough: specidc gravity 2*850. It contains 
a trace of sea-salt It is found in the salt mines of Austria and Salzhurg, ami at the 
foot of the Harz mountains ; also in the gypsum pits at Ashton-on -Trent, near Derby 
—2. Grantdar. The scaly of Jameson, is found in massive concretions, of which the 
structure is confusedly foliated. White or bluish colour, with a pearly luytro, Conino- 
Hition as above, with 1 per cent, of sea-salt. It occurs in the salt mines of HnJle. 
Specific gravity 2*957. — 3. Fibrous, Massive; glimmering, pearly lustre ; fracture in 
delicate parallel fibres ; scarcely translucent ; easily broken. Found at Halle, Ischel, 
«nd near Brunswick. — 4. Jiadiated. Blue, sometimes spotted with red ; radiated, splen- 
dent fracture; partly splintery; translucent; not hard; s|jecific gravity 2*9‘1(). — 5. Sparry 
or CuffT-spar. Milk-white colour, passing sometimes into greyish and reddish-white ; 
short four-sided prisms, belonging to the trimetric system, having two of the opposite 
sides much broader than the other two ; occasionally the lateral edges are tnuicated, 
whence results an eight-sided prism belonging to the trimctric system ; lustre splendent, 
pearly ; foliated fracture ; threefold rectangular cleavage ; cubical fragments ; translu- 
cent ; scratches calc-spar ; brittle ; specific gravity 2*9. This is the muriacite of some 
writers. It is doubly refracting. It is said to contain 1 per cent, of sea-salt. It is 
founfl at Bex in Switzerland, and Halle in the Tyrol. — 6. Silici/erous, or Vulpinits, 
^lassire concretions of a laminated structure ; translucent on the edges ; splendent 
and brittle: greyish-white, veined with bluish-grey; specific gravity 2*88. It con- 
tains 8 per cent silica ; the rest is sulphate of calcium. It is called by statoaries, 
Marum hardiglio di Bergamo^ and takes a fine polish. It derives its name fieom 
V’olpino in Italy, where it accompanies lime. XT. 

AWIXh A nearly obsolete synonyme of indigo. The same term is also used aa 
a ^onyme of Phbmtliicidb (j. v.) 

ARIXiAailO ACZB. Syn. of pHBfTiAiac Aom. 

AVXUlSU. 8yn. of PBEzm<Aaai>Bs. 

AVXUra. Syn. of PanTTLAimiB. 

Air t Jk A TiTS ATXORT, The proeea or series of proceases by which food is eon- 
verted into the constituents of the animal body (see Dionsnon and Nuninofr). The 
•atne term is used in the arts to denote the operation by which vegetable fibr^ siicli 
as cotton and flax, are made to unite with albuminona aubstances. 

AVXHii MMMOTt improperly called gwn-animi , — ^A resinous sabatanee nsad Ibr 
mmigatunu There are thm varieties of iC the East Indisn, tlie West Indian, and the 

V 4 
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brown American. West Indian anim6, aometimetf ealled courbarU ia the 

dace of the Hymmaa CowrhanU a tree belonging to tbe o^er growing in 

the West Indies and in South America ; the other varieties are of unknown origin 
The West Indian resin forms yello^sh-white transparent, somewhat unctuous 
or sometimes larger masses ; it is brittle ; of a light pleasant taste, and very agreeable 
odour ; hence its use in fumigation and in perfumery. It softens in the mouth, melts 
easily in the fire, and burns with a bright flame. Specific gravity 1*028 (Bresson), 
1*032 (Paoli). Insoluble in water, perfectly soluble in hot alcohol. Cold alcohol 
dissolves about 54 per cent, of it. The soluble portion is, according to Laurent, 
identical with the msin of turpentine. Tlie insoIubJo portion ciystallises front 
boiling alcohol in slender colouriesg needles, consisting, according to Laurent, of 
83*6 per cent. C, 11*5 H, and 4*9 0, agreeing with the formula C»II* O. According 
to Pilhol, the resin of Hymenaa CourbaHl is nearly insoluble in cold absolute alcohol, 
melts at 100° C, and contains 85*3 per cent, carbon, 11*5 hj^drogen, and 3*2 oxygen. 

Brown American iinim6 softens in the mouth, and dissolves completely in cold 
alcohol; specific gravity 1*0781 (Paoli), Oriental anime, which, accoi’ding to Gui- 
bpust, is no longer met with in commerce, is likewise perfectly soluTde in cold alcohol, 
has a density of 1*027, and appears to consist of tw'o resins, diflering in melting 
jK)int (Paoli, Trommsclorff'’s Joiirn. Ikl. ix. ISt. 1; s. 40, 61 ; Guiboust, Rev. Scient. 
xvi. 177; Laurent, Ann. Cli. Phys. [2] Ixvi. 315; Gerhard t. Traits, iii. 669; 
Filhoi, J. Pharm. [3] i. 301, 507.) 

There is some confusion respecting the use of the word aninU^ the French designating 
copal as rlsine anime ; and denoting the West Indian anim6 or courbaril resin, by the 
term Copal or anime trndre, 

A.1S ZlMEZlff SL An organic base obtained, together wdth three others, odorine^ 
ammoline, and olanine, from bone-oil {Olenm anitnale Dippvlii\ by Unverdorben in 
1826 (Pogg. Ann. xi. 59 and 67). None of these bases were prepared by Unverdorben 
in a state of purity. Odorine wa.s afterwards obtamed pure, and more exactly inves- 
tigated under the name of picolint^ by Anderson, who showed that it is isomeric with 
aniline, C®IPN. The other three bases, which were less volatile than odorine, were 
probably mixtures of the homologous bases ItUidine, C'lPN, and collidhu\ C*H"N, 
together with other substances. (See Gm. xi. 273.) 

^ AirXOKr (from £rior, that which goes up). — A term used by Faraday to denote the 
element of an electrolyte, which is eliminated at the positive pole or anode ; the other 
element, which is eliminated at the negative pole or kathodt\ being called a kiUhm 
{Kdriov, that which goes down). To understand these terms, we must suppose the 
decomposing body to be so placed that the current (of positive electricity) passing 
through it, shall be parallel to, and in the same direction with, that which is supposed 
to exist in the earth, yiz. from east to west, or in the direction of the sun’s diurnal 
motion. The positive "polo or electro<le will then be towards the east. (Faraday's 
Experimental Research^ in Electricity, vol i. p. 196.) 

JI.X7X8AMIZC ACnb. CTPNO®. (Zinin, Ann. Ch. Pharm. xcii. 327.)— Ob- 
tained by ptissing hydrosulplmric acid into a mixtui*e of nitranisic acid with 8 pts. 
of alcoholic ammonia. After twelve hours,' when the acid is dissolved, the whole is 
boiled, w’ith occasional addition of water, till all the alcohol is driven ; it is then 
filtered from the separated sulphur, and mixed with acetic acid, which precipitates 
anisamic acid in long brow*n needles: they are obtained colourless by solution in water 
and treatment with animal charcoal. It forms thin, brilliant, four-sided prisms, which 
dissolve but slightly even in boiling water, or in ether, but are readily soluble in alcohol. 
Hydrochloric and boiling acetic neiil dissolve it unchanged ; its solution in dilute nitric 
acid reddens on long boiling, and by cooling deix>sits brown fiakes and a white pulveru- 
lent subetance. It melts at 180°C., and is decomposed at u higher temperature. — The only 
anisamate that has been analysed is the silver-salt, C*n*AgNO*: it is a curdy precipitate, 
insoluble in water, readily soluble in ammonia and acids ; in the dry state, it may be 
heated to 120° C. without decomposition, but turns brown when boiled with water. 
The atmnonium-salt is very soluble, and crystallises with difficulty in foxuvsided 
tables; its a<Jueous solution is partially decomposed by boiling, ammonia being evolved, 
and the acid crystallising out on cooling. The kad and cadmium-salts are white 
precipitates. An aqueous solution of anisamic acid does not precipitate; lime- or 
Daryta-watcr, or sUyer-salts. With ammoniacal sulphate of copper, it gives, iti the 
col^ a light blue floeculent precipitate, which, on boiling, becomes pulverulent, and of 
a cinnamon colour. ... i 

The mode of formation of anisamic flrom anisic acid being analogous to that or mgr*" 
bensamic acid from benaoic acid, it should perhaps be reg^ed as ojeyanisanut^sm^ 
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H* ■)„ 

, CHITO* [or, mther, amaamie acid, (C‘H*0)Vq]. (Calioiir^ 

H ) 

Ann. Ch. Phys. [3] xxiL 833.)— Obtimed by tieating chloride of anisyl ■with dry am- 
iiiouiil, whereupon heat ia evolved, and the mixtnro becomes a solid mass of anisamido, 
which is soluble in alcohol, whence it ci^stallises by spontaneous evaporation in 
large prisms. It ia also formed by the action of ammonia on anisate of ethyl in a 
closed vessel. F. T. C. 

AXrXSAMXWSS (Cannizzaro, Compt rend. 1. 1100).— These bases are pro* 
ducetl by the action of strong alcoholic ammonia on the chlorhydrin of anisic aloohor 

(C-HMCl). <?H*OCl + NH* 1= C>H'>ON + HCl. 

i Anisamilie. 

2CH*Oa + NH* = C«H“0*N + 2HC1. 

Diiiuisamine. 


The resulting mass is freed from sal-ammoniac by digestion in water, then dissolved 
in alcohol, and the residue obtained by evaporating the alcoholic solution to dryness, 
consists, after washing with ether, of a mixture of the hydrochlorates of the two 
bases. These hydrochlorates are separated by water, tl\o unisumine-salt being much 
the more soluble of the two ; and the bases are obtained in the free state by adding 
ammonia or pota.sh to the solutions of the hydrochlorates, then agitating with ether, 
and evaporating the ethereal solution. 

Aniaamine crystallises in small needles, soluble in water, alcohol, and ether, and 
melting with colouration al> 0 Yc 100° C. lhanisamine forms at first u thick oil, 
which, after a few days, crystallises in white laminie. It is solublo in alcohol and in 
ether; leas soluble in water than anisamine. It melts and solidities between 32^ 
and 33° C. 

IJoth these alkaloids are strong bases. The vkforoplatmatn of anuaminCt 
'ii » '’ll‘*ON.HCl).PtCl*, crystallises in small gold-yellow himinse. The chloroplatimite 
o/' 2(C'*Il‘®0-N.H(.'l).FtCl* 4- 11*0,19 precipitaUHl as a lu*own oily litjuid, 
grii'liiiilly changing to a ma>s of 3’ellow needles. 

The constitution of theso bases may be viewed in two ditferent ways. If anisic 
alcohol be regarded as monatomie the bases then appear as oi*dinury 

amines, containing the radicle C*H*0, viz. : 

Anisamine =» I^iunisamine « 

but if we suppose anisic alcohol to be diatomic — (C*H*)".H* 0*, then the bases must, 
be r^*g.^rded as hydoramines (p. 197), viz. : 

Aniaamine - ; Dianiaamine - g, 

AirZ8A.KmX9B. See Phexylanisahide, under Phbny^mixb. 

AirzSB, OZZi or. Essence cTanis. Anise /. — The name given to the essential 
oil which is obtained by distillation witli water from the seeds of the common anise 
(I*impiuf/la anisumX ^ud the China or star anise {Itticium anisaturn). (According to 
HiM H. 20 lb. of see^ yield 5.J oz. oil.) This oil contains an oxygenated principle, 
which, by the action of oxidising agents, is converted into hydride of anisyL The 
same principle is found in ilie oils extracted from fennel (Anethum famumium\, and 
tiirnigr»n (Artemisia Dracunculus). All these oils may, therefore, be conveniently 
d(>*tcril>ed in the same article, though they differ slightly in their physioal properties. 

1. OH of anise and of fmnel is a neutral, yellowish, somewhat syrupy liquid* 
po8.scfising a peculiar aromatic smell and taste. Its specific gravity varies from 0*077 
to 0*991, It is soluble in all proportions in cold alcohol of specific gravity 0*806, illdi& 
2*4 pts. alcoliol of specific gravity 0*84 at 25° C. It appears to consist of two distmet oila, 
of which solidifies at temperatures below 10°, while the other remains fluid at all 
tomperatures. Scarcely anything is known of the latter of these oils ; according to 
Gerhardt (Traiti, iii. 362 et seq.) it ia iaomeric with oil of turpentine. The former, 
which is generally known as anethol or anise-eamphor^ has been examined by 
v/ahours (Ann. Cb. Phys. [3] iil, 274). The proportion of these two constituent# 
janes in different specimens of the commercial oil ; but generally tlie camphor compose# 

? of the whole. The crude oil absorbs oxygen when exposed to ilie air, becomes more 
^*Tipy, and finally loses the property of soUdifying by cold. In order to obtain the 
JJ®pnor in a state of purity, it is freed from the liquid oil by pressure between 
tolda of filtering paper, and repeatedly ciystalliacd from alcohol of spe^e giuvity 0*85. 
^J^frtaUiaea m a^, white, lustrous la^nm, of specific gravi^ 1*014, haviim a amell 
to, but #eaker and more agreeable than, that of the emd# , ptf. It U yeiy 
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friable, especially at OOC,; melts at 18® C., and at 222® boilfi and Tolatilises wni- 
j Jetely, but not without slight coloration. Its formula is C'*H**0. Its T^^msdensity. 
taken at 338® C., is 6'19 ; at lower temperatures, its density is higher. It is not affected 
by exposure to the air in the solid state ; but, if kept in a state of fhsion, it gradually 
ceases to solidify on cooling, and finally resinifies completely. ^ Nitric acid couTerts 
it into hydride of anisyl, anisic or nitranisic acid, and oxalic acid; the products va»y 
with the concentration of the acid. Generally a yellow resinous substance is also formed, 
to which Cahours gives the name nitranisidCj and the formula C**H'®(N0®)*0 (?). 
This is a very insoluble substance, which melts at about 100® C., and is completely de- 
composed by distillation ; when treated writh a strong solution of potash, it gives off 
ammonia abundantly, and is converted into a black substance, which Cahours calls 
melanisic acid. Under certain circumstances, the action of dilute nitric acid produces 
an acid containing 10 atoms carbon (see Anisoic Acid). When distilled with sidphuric 
acid and Hckromate of poiasamnit oil of anise yields anisic and acetic acids. (Hempel, 
Ann. Ch. Pharm. lix. 104.) 

Strong boiling solutions of caustic alkalis do not attack oil of anise ; but when it is 
heated with potash-lime in a sealed tube to the boiling point of the oD, a peculiar 
acid is formed, which appears to be isomeric with cuminic acid. (Gerhardt.) 

Anise-camphor treated with <icid sulphite of sodium^ is resolved into methyl and 
hydride of anisyl, + IPO = 2CH* + C*HH)*. (Stadoler and Wachter 

Ann. Ch. Pharm. cxvi. 172.) 

Anise-camphor absorbs hydrochloric acid gas abundantly, forming a liquid com- 
pound, C‘®H‘’‘O.HCl, which contains 19*8 per cent, chlorine. It absorbs chlorine 
rapidly, with evolution of heat and vapours of hydrochloric acid, forming substitution- 
products, in which the number of atoms of hydrogen replaced by chlorine varies with 
the duration of the action of the gas. The trichlorinated compound {chloranisatS 
C‘®H“C1*0, is a syrupy liquid, which is completely decomposed by distillation, and 
from whieli, by the further action of chlorine, aided by heat, a still higher chlorine 
compound may bo obtained. Oil of anise treated witn pentachloridc of phosphbru% 
yields a liquid boiling at a high temperature, probably C*“H'®C1*. (Aelsmannand 
Kraut, J. pr. Chem. Ixxrii. 490.) 

When anhydrous bromine is gradually added to anise-camphor, heat and hydro- 
bromic acid are evolved, and the whole becomes liquid, and finally, when the bromine 
is in excess, solidifies after a time ; it is then washed with cold ether, and recrys- 
talllscd from boiling ether. The bromanisal^ C‘®lPBr*0, thus obtained forms large 
lustrous crystals, in.soluble in water, very slightly soluble in alcohol ; it is decomposed by 
heat, decomposition commencing ataliout 100® C. ; it is not further acted on by bromine. 

When oil of anise is treated with j^erchloride of tin or trichloride of antimony^ 
it thickens into a red pitchy muss, which, when boiled with water, deposits a white 
substance, apparently isomeric with anise-camphor. Cahours calls it anisoin. It 
is also formed when oil of anise is gradually mixed with 1| pts. strong Bulj)huric 
acid, and the resulting resinous mass treated with water. It is purified by solution in 
ether, and reprecipitation by dilute alcohoL Thus obtained, it is a white, inodorous 
solid which fuses a little above 100® C., and, when further heated, bums with a brilliant 
flame and an aromatic smell; it is heavier than water; insoluble in water, almost 
insoluble in alcohol, even on heating; more soluble in ether and volatile oils. It is 
soluble in strong sulphuric acid, forming a red solution, whence it is reprecipitated by 
water. It is not attacked by a boiling solution of caustic potash. When distilled, it 
partly volatilises unchangea and partly passes over as an isomeric oil. When cry- 
BtalUsed from its ethereal solution, it forms very small white needles. The substance 
ubtatned by W ill t Ann. Ch. Pharm. Ixv. 230), by dropping oil of anise into a strong 
solution of iodide of potassium saturated idth iodine^ and treating the resulting magma 
with 6 or 8 times its volume of alcohol, is, according to Gerhardt, whose statement 
is confirmed by the recent experiments of Aelsmann and Kraut {loo. ci7.), identiew 
with anisoin. This substance, when treated with chlorine, yields a chlorine 
tution compound. — Anisoin is also produced by treating oil of anise with chlorida of 
bensoyL (Aelsmann and Kraut.) 

When anise-camphor is distilled with chloride of srinc, a volatile oil 
which after a time genendly debits crystals, volatile without decompontion and 
not melting at 100® C. Both ofl and crystals have the same composition ss the 
original camphor; and the vapour-density of the oil is the ssme as that 0^ ^ 
camphor. The oil is readily soluble in strong Bulphnric acid, formii^ a fine criinso# 
solution ; the addition of water destroys the colour, but does not i^ecipitate anythu^ 
By satimiting the i^ueous solution with carbonate of barium, a gummy salt is oj 
tained, whose solution gives a dark violet colour with ferric salts both 
alkalis destroy the colour (Gerhardt). The same product is obtained wl^ oil W 
anise or anise-camphor is treated witii 3 — 4 pts, concentrated sulphuric acid, 
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the oil which separates filtered off, and the aqueous filtrate saturated with 
carbonate. It appears to be identical with Laurent’s avijfhodmcointU of 
OT, obtained by him from oil of tarragon. 

2 . Oil of Tarragon (Laurent, Reyue ^ont x. 6) consists mainly of a camphor 
iaomeric with that of anise, and behaving in the same manner with nitric and sul- 

buric acids and metallic chlorides. The proportion of liquid oil in this essence 
? Yery small : hence the crude oil does not boil below about 200<^ C., and the boiling 
gradually rises to 206^, where it remains stationary. Its specific gravity is 
0 - 945 ; vapour-density 6*157 at 230°, When treated with chlorine, it evolves heat and, 
acid vapours, and gradually becomes more syrupy ; one of the products thus obtained 
(chloride of droconyV)^ of about the consistence of turpentine, gave on analysis per- 
centages which seem to indicate the formula C**H‘*CPO.CP. When treated with 
alcoholic potash, this substance yielded a thick oil {chlorodraconyl) containing 42*6 
per cent carbon and 3*4 per cent, hydrogen. 

3. Otl of Biiter Fennel (C ah ours, loc, cit ), — This essence is composed of two oils, 
the lefis volatile of w-hich can readily he obtained pure by fractional distillation. Its 
composition is the same as. that of anise-camphor ; but it does not solidify at 10° C. Its 

gravity is somewhat less than that of water ; it boils at 226° C. Treated with 
nitric acid, it behaves like anise-camphor; with bromine it givra a liquid viscous pro- 
duct, which is very difficult to purify. The more volatile oil appears to have the same 
composition as oil of turpentine. It boils about 190° C. When a stream of nitric oxide ia 
led into it, it becomes thick and tiirliid, and on addition of alcohol of specific gravity 0-80, 
yichh a wliite, silky precipitate, which is purified by repeated washing with iucohol. This 
tiubijtancc, which forms fine ciystalline needles, contains 3C**H**,8NO. It is discoloured 
whoa heated to 100° C., and at a higher temperature is entirely decomposed. It is ^nrcely 
wduhlo in jilcoliol of specific gravity 0*80, rather more in absolute alcohol, still more 
in ether; soluble in strong caustic potash, and reprccipitatcd by acids. When heated 
with caustic soda, it yields ammonia, an oil smelling like petroleum, and a gas which 
«ftacksthe eyes. When treated with sulphydrate of ammonium in the cold, and then 
hy an acid, it gives a precipitate which explodes slightly when heated ; the filtrate 
gives an abundant blue precipitate with ferric salts. It dissolves in boiling sulp* 
li}’drate of ammonium, fonning a brown solution, and depositing sulphur, wliilo a 
►frving smell of oil of bitter- almonds is evolved. It is scarcely attacked by boiling 
liyjjohulphite of sodium. (Chiozza.) F. T. C. 


AmSHnHAMXBB. Ifydrure asoantsyl. C«n«N*0*. (Cahours, Ann. Ch. 
J'liys. j.'l] xlj. 487.) — The action of ammonia upon hydride of anisyl is analogous to 
that wliich it exerts upon the hydrates of benzoyl and salicyl, a hydramide being 

f"nij('d : 

3C»H*0« + 2NH» - + 3H*0 

Hydride of Anlfthvdra. 

anityl. miao. 


1 his substance is obtained by abandoning for some time a mixture of I vol. hydrii e 
of anisyl, and 4 — 6 vols. of a saturated aqueous solution of ammonia, in . a closed 
Teasel, when shining crystals of anishydramide gradudllv form, until, afler some 
Weeks, the whole becomes a semi-solid mass. The crystals are then freed from ad* 
htriiig liquid pressure between folds of filtering paper, and dried. They are ha^ 
snow-white pnsms, ve^ easily powdered; insoluble in water, soluble in boiling 
alrohol or ether, and in warm concentrated hydrochloric acid, whence they recry- 
* » coob’ng. They melt at about 120° C. When anislwdramide is acted on by 

*ulphi(le of ammonium, a white powder is obtained, which Cahours (Compt. rend. 
hJraul^^*^ Gerhardt (Trait6, iii. 360) hydride of evij^hanieyU Its 

kor the probable oonstitution of anishvdramide, see Htubahidu in art AiczDBi^ 
P< b 7. 


afilshydramide is kept for two hours at a temperature between 166® 
oa 0., it is converted into an isomeric alkaloid, to which the name anieine has 
wen pven (Bertagnini, Ann. Ch. Fharm. Ixxxviii. 128), In order to obtain 
j j a state of purity, it is dissolved in boiling alcohol, and hydrochloric 

*** fo the solution, when the hydrochlorate separates out in ciystals. Them 
the mother-liquor, decomposed ly potash or ammonia, and the ftee base is 
“II^Btallised ftom alcohoL Thtis obtained, anisine forms colourless transient prisms^ 
J^**^ly soluble either in hot or cold water, slightly solnble in ether, reaoily in uooboh 
a solution has a strong alkalme reaction and a bitter taste. Anisine forms ciystaUisable 
acids. Thehydrofiklorate, C**H«KK>*.Ha, crystallises in colourless bri^t 
slightly soluble in water, readily in aloohoL When dried at the ordinal 
they oootaui 4C®*H*V*0*.HCI -f 9H*0; they give off water at 10U°C« 
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The ehtoroptatiHaU, 2 (C**H*‘N* 0 *HCl).PtCT‘, obtained by adding Wchloridooffa«tia^ 
to the hydrochlomto, forms brilliant orange-coloured scales, slightly soluble in ateohol 

F- TeC. ■ 

iLSrZSZC jILCZS* Hydrate of aniisyl, Draconic acidy^c. C*H*O**(C*H*O)"H*0* 
(Call ours, Anti. Ch. Phys. [3] ii. 287; ziv. 483; xxiii. 351 ; xxv. 21 ; xxviL 439* 
Laurent, Revue Scient. x. 6, 362; Gorhardt, Ann. Ch. Phys. [3] vii. 292.) — ^Thii 
acid, discovered by Cahours in 1841, is a product of the oxidation of anise-cain* 
phor aud of the crude oils of anise, fennel, and tarragon. The acids obtained 
from these several oils were at first distinguished by different names; but their 
identity is now clearly established. The first product of the oxidation of these sub. 
stances is hydride of anisyl, which, by further oxidation, is converted into anisic acid. 
(See Anisyl,, Hydride of.) 

Cahours jjrepiires anisic acid by boiling oil of anise with nitric acid of specific 
gravity 1’2 (23® Baum^), when a yellow resinous substance {nitraniside) is formed, 
together with anisic acid, which crystallises from the acid liquid on cooling. The 
crystals are washed with cold water, and dissolved in ammonia; the ammonium-salt 
is repeatedly crystallised till it is colourless, anti then decomposed by acetate of lead; 
the difficultly soluble lead-salt is washed, and decomposed by sulphuretted hydrogen ; 
and the anisic acid is dissolved from the sulphide of Icail by boiling water, crystall^eU, 
and purified (if necessary) by sublimation. 

Laurent’s method of preparing it from oil of tarragon is as follows : — 1 pt. oil 
together with a little water, is heated in a large retort, and 3 pts. common nitric acid 
are added gradually. The mixture thickens by degrees, and is finally converted into 
a brown, resinous, slightly crystalline mass. Tliis is washed, and extracted with hot 
dilute ammonia, which dissolves all but a small quantity of a brown substance. The 
ammoniacal 'solution is evaporated to a syrup, when it deposits a further portion of 
the brown substance, which w'as held in solution by the free ammonia: if the evapora* 
tion be carried too far, the anisato and iiitranisato of ammonium contained in the 
solution may bo partiall}’ decomposed. The syrup is mixed with water, boiled, and 
filtered through animal charcoal ; and the filtrate (neutralised, if acid, by ammonia) 
is evaporated, wlien anisato of ummonium cry'stallises in rhomboidal tables, while the 
nitranisato retnains in the mother-liquor. The anisate is recrystallised two or three 
times from alcoliol, dissolved in a boiling mixture of alcohol and water, and nitric 
acid added to the hot solution, which, on cooling, deposits crystals of anisic acid. 
These are furtlier purified by rccrystalUsatiou from boiling alcohol, and, if necessary, 
by sublimation. 

Anisic acid may also bo prepared by dropping hydride of anisyl upon fused caustic 
potash. A soft resinous nuiss is obtained, which, when dissolved in water and 
saturated with hydrochloric acid, deposits crystals of anisic acid, which are purified 
us above. If hydride of anisyl be procurable, this is the most advantageous method, 
since the formation of nitranisic acid is entirely avoided. (Handwb.) 

Anisic acid crystallises in brilliant colourless prisms, belonging to the monoclinie 
system, often of considerable size, with angles of 114® and 66®. The acute edges ara 
mostly truncated; the base is replaced by two principal and three smaller faces. It 
has no taste or smell ; is tolerably soluble in hot, but scarcely in cold, water ; readily 
soluble in alcohol or ether, especially on boiling ; its solution reddens litmus feebly. 
It fuses at 175® C, and solidifies on cooling to a crystalline mass; at higher tern* 
peratnre it sublimes without decomposition into snow-white needles. 

It is isomeric with salicylate of methyl. 

It is violently attacked by chlorine and bromine (see below, SuBSTiTUTioK-PBODXJCr5)| 
Hot concentrated nitric acid converts it into nitranisic acid. Fuming nitric acid 
converts it into dmitranisol or trinitranisol (see Akisoi.), the product varying with 
the duration of the reaction and the proportion of the reagants. If heat oe applied, 
a third substance, chrysanisic acid, isomeric with trinitranisol, is simultaneouslT 
formed. A mixture of sulphuric and filming nitric acids converts it into tiinitraniwl* 
Perchloride of phosphorus attacks it violently, forming chloride of anisyl^ chloride 
phosphoryb and hydrochloric acid. When distilled over caustic baiyta, it is docoB- 
posed into carbonic anhydride and phenate of methyl (anisol). 

C*H*0» - CO* 4- C*H\CH*)0. 

AiiiSBtea* Anisic acid is nsually considered as monobasic ; hut it is 
diatomic, like gly^Uic and lactic acids. The general formula of the anisates is C*H*HO* 
(see Amisyi.). They are mostly crystallisable : the airline and ear^y salU 
soluble, and the addition of a mineral acid separates anisic acid from '^eir aolutipiil** 

The aluminium-sali * ciystalLises slowly in fine needles, when a dUuta soliitiflB m 
alum ia added to anisate of ammonium. ' ^ 

The C*H»(NH*)0*, is very soluble, and dystaUisM in laige nKuaWs 
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uWes, tlie augles ot vhose base arc aad 96®. Exposed to the air, they become 
opaque : heated to 99® C. in wuo, they lose ammonia, pure anisic acid being left 

^**^The barium-salt^ when prepared directly by boiling anisic acid with baryta, crys- 
tallises first in needles, and then in rhomboidal scales. Chloride of barium does not 
precipitate anisateof ammonium immediately, but after some time, a difficultly soluble 
crvstalliiie precipitate forms. 

The caicium-salL Chloride of calcium precipitates anisate of ammonium imme- 
diately ; if tlie solutions are dilute, it ciystallises in groups of needles. 

The copper-salt is a bluish- white precipitate. 

The ft rrio-saft is a yellow precipitate, composed of microscopic needles. 

Tlie kad-salt is a white precipitate, soluble in hot water, whence it crystallises on 
cooling in shining scales, which retain i atom of water after drying at 120®. 

The 7 )uignesmm-salt is soluble. 

The manga at se-sa/t crystallises slowly from a mixture of sulphate of manganese and 
anisate of ammonium. 

The mercuric, mercurous, and xinc-salts are white precipitates ; the first crystallises 
from hot water in microscopic needles. 

The potassium-salt cr^'stallises in rhomboidal or hexagonal tables ; the sodium-salt 
ill needles. 

The silver-salt is a white precipitate, crystallising from hot water in fine needles, or 
peai’ly scales. 

The strontium-sali crystallises gradually in small hexagonal or rectangular laminae, 
from a mixture of chloride of strontium and anisate of ammonium. 

Anisic Ethers. (Cahours, Ann. Ch. Phys. [3] xiv. 402.) 

Avisate of Methyl, = C*H’(CH*)0*. — A mixture of 2 pts. anhydrous 

w.Hul-spirit, 1 pt. anisic acid, and 1 pt. strong sulphuric acid, assumes an intense 
r:irmiiu‘-rcd colour; on the application of a gentle heat, wood-spirit first passes over, 
and tin-n a lioavy oil, which solidifies in the receiver. This is anisate of methyl. It 
is purified by washing with hot sodic carlx>nate, and with water, and rccrystallisution 
from alcoliol or ether. Thus prepared, it forms large, white, shining scales, which 
mi lt about 47® 0., and solidify on cooling to a ciwstalUno mass ; at a higher temperature 
it distils umlceomftosed. It has a faint snicll, resembling that of oil of anise, and 
a liurning tsiste. It is insoluble in hot or cold water; readily soluble in alcohol op 
tiliiT. fspri ially on boiling. Unlike salicylate of methyl, it does not coinbino with 
jv fusil or sn<hi ; but, when boiled with a strong solution of either alkali, is decomposed 
iiifo mctliylie alcohol and an alkaline anisate. Aqueous ammoiua does not dissolvo 
it, luit gradually decomposes it intq methylic alcohol and anisamidc, the latter of 
vhii h crystulliHca out. Bromine, chlorine, and fuming nitric acid attack it violently, 
l- rmiiig respectively the methyl-salts of the corresponding substitution-acid. 

Am sate of Ethyl, C*®H‘*0* = 0*H’(C*1P)0*. — When a solution of 1 pt. anisic 
in ubout 6 pts. absolute alcohol is saturated atalxmt 60® C. with liydrochforic ucid 
himing liquid is obtained, whence wat«T precipitates only anisic aciil. On 
<1: 'tilling this liquid chloride, hydrate, and finally anisate of ethyl puss over; and on 
'yhiing Water to the distillate, the latter product separates out as a Ijonvy oil, which 
J' Wiishcfl with sodic carbonate, dried over chloride of calcium, and rectified over 
' xjdc of h.*ad. It is a colourless oily liquid, heavier than water, with a smell like 
T lat of oil of anise, and a warm aromatic taste. It boils between 250® C. and 255®, is 
in'ohiblo in watt^ readily soluble in alcohol and ether. It may be kept uncliangod 
Oi closed vessels ; but, when exposed to the air, it gradually becomes acid. Its dccom- 
p*!»itions are precisely analogous to those of the methyl-salt. 

Suhstitution-derivatives of Anisic Add, 

HudMANisic Acid. Bromodraconesic acid (Laurent). C*II’BrO*. — When 
cvfT . anisic acid is treated with bromine, heat is evolved, together with abundance 
acid; the |>roduct is washed with water, and crystallised from lx>iling 
i., V* ♦ acid is thus obtained in white shining needles, slightly soluble 

iri \ readily in hot alcohol Or ether. It melts at 206® C., and sublimes in 

roa laminae. When distiUed with lime, it yields carbonic anhydride and bro- 

alkaline bromanisates are soluble; the potassium and sodium-salts 
Hi,} ”|^.”>aai«ol by dry distillation. In their solution, lead-, silver-, barium-, strontium-, 
t give wdiite precipitates ; the lost three are not quite insoluble, but 

‘Osulhac gradually from dilute solutions. 

Aft thyl, C*H*(CH*>BrO*, is obtained by dropping liromina on the 
and toeating theyellowtoh-red prodnet as in the case of bromanisic acid. iJau 
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in the same manner as the anisate, bromanisle being substituted for anisie add. Tbe 
mixture is boiled in a water-bath for a quarter of an hotur, and water added, when the 
bromanisate separates in flakes, which are washed with dilute ammonia and crys* 
tallised from hot aMobol. It forms colourless transparent prisiiw, which melt at a 
gentle heat : it is insoluble in water ; soluble, especially on heating, in alcohol and 
wood-spirit; less soluble in ether. By boiling potash it is decomposed like the 
anisate. 

Bromanisate of Ethyls C*H*(G^H^)BrO*, is obtained by the same process as anisate 
of ethyl, anisic being replaced by bromanisle acid ; or by treating anisate of ethyl with 
bromine. It is purified in the same way as the methyl-salt. It forms long, white, 
shining needles, insoluble in water, soluble in alcohol or ether : it fuses at a gentle 
heat, and sublimes undecomposed. It is decomposed by boiling potash, and is not 
attacked by excess of bromine. 

CnnoBANisic Acin, C*H'C10*, is obtained by passing chlorine over anisic acid 
in fusion; the product is washed with water, and crystallised from alcohol of 96 
per cent. It forms fine shining needles, scarcely soluble in water, readily in alcohol 
or ether. It melts at about 176° C., and may be sublimed without decomposition. It 
is not acted upon by clilorinc, even in sunshine. Strong sulphuric acid dissolves 
it by aid of gentle neat; it recrystullises from the solution on cooling, or is at once 
precipitated by water. When heated with baryda, it is decomposed like anisic acid. 
The metallic chloranisatcs resemble the corresjionding bromanisates in solubility and 
general properties. The chloranisatt n of methyl and tthyl are obtained by submitting 
the corresponding anisates to the aetioii of dry chlorine ; the latter may also be prepared 
in a similiir way to anisate. of ethyl. Both are crystalline compounds, insoluble in 
water, soluble in alcohol or ether, and decomposed by boiling potash. 

Nil’ll ANISIC Acid, C*II’(N0^)0*, is formed by the action of strong warm nitric 
acid on anisic acid. It is usually prt»pared by boiling oil of anise with nitric acid of 
specific gravity l*3ii (3G^ Baunie), until the oily substance which first forms has com- 
pletely uisapyK*ared. The addition of water then precipitates yellowish flakes of impure 
nitranisic acid. This is purifie<l by washing with water, dissolving in ammonia, re- 
urystalUsing the aminonium-Hult till it is colourless, dissolving it in water, precipitating 
the acid by nitric or hydrochloric acid, and washing it repeatedly with water. It is 
also formed in Laurenfs process for preparing anisic acid from oil of tarragon, remain- 
ing in the ammoiiiacul mother-liquor whence anisate of ammonium has crystallised 
out. It is obtained theneo by adding nitric acid, w'ashing the precipitate, and boiling 
it for half an hour with nitric acid ; tlie acid solution deposits on cooling short prisms 
of nitranisic acid, wliich are washed wdth water, and crystallised from hot iucohol. 
Nitranisic acid rry-stallisea in small shining needles, of a slight yellow tinge, without 
taste or smell. It is scarcely solulilo even in hot water; readily in alcohol or ether. 
It melts Victween 175° and 180°. When carefully heated further, it partly sublimes, 
partly blackens, and is decomposed ; if heated suddenly, it decomjioBes at once, with 
evolution of light. It is not attaektxi by chlorine, bromine, or strong nitric acid; by 
fuming nitric acid, it is acted on in the sumo way as anisic acid. When heated with 
pcrehlorido of phosphorus, it yields a dark yellow oil. with a very high boiling point, 
which is probably chloride of nifnniisyl, C*H*(N0*)0®,C1 (C a hours). An alcoholic 
solution of sulphide of ammonium converts it into anisamic acid (p. 291), According 
to Laurent [lo(\ ciU') nitranisic acid combines, atom for atom, witn aniSic, chloniniaic, 
and bromanisic acids, forming peculiar dibasic acids. 

The alkaline mtranuates are soluble and crj-stallisable : the ammonium-salt crys- 
tnlliaes in fine needles, grouped in spheres ; it is soluble in alcohol. The alkaline- 
earthy nitranisates are difficultly soluble; those of the hea'vy metals generally 
insoluble. 

jyUranisate of methyl is prepared by a process analogous to that described in the 
case of anisate of methyl; or by dissolving anisate of methyl in fuming nitric acid, 
adding water, and crystallising the precipitate firnm alcohol. It forms laisutiful 
large shining tables of a yellowish hue. It is insoluble in water ; readily soluble in 
hot alcohol or wood-spirit, 'whence it separates almost completely on cooling. It melts 
at about 100° C., ana sublimes undeeomposed. 

NitranUate of tihyl is prepared either by dissol'ving anisate of ethyl in an equal 
volume of fuming nitric acid, or by a process analogous to that describe in the case 
of anisate of methyl. In the latter case, the mixture must be kept at a temperature of 
60° — 70° C., while it is saturated with hydrochloric acid. The compound is precipitated 
by water, washed with dilute ammonia, and crystallised from alcohol. It exactly 
resembles the methyl-salt in appearance, and eolubiliW in water and alcohol, ana 
melts between 08^ and 100° C. Strong aiilphurie acid mssolves it in the cold, OKirs 
readily on heating ; it partly reetystallises as the solution cools, and is eomj^st^y 
precipitated by water. Bromine exerts no action upon it. 
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Triniirani$i9 Acid, C*H*(K0*)*0\ is obtained bv treating anisic acid in the 
cold with a mixture of Aiming nitric and Aiming salphnric acid, and diluting the 
mixture with 5 to 10 times its volume of water, it forms very beautiful salta with 
the alkalis, especially with ammonia and potash. 

SuLPHANisic Acid, C"H*0*.S0*. (Zervas, Ann. Ch. Pharm. ciii. 839; Lim- 
pricht. Gm. Handb. xiii. 128.) — Obtained hy heating anisic acid with common 
sulphuric acid to 110^ C. or with fuming sulphuric acid to 100*^, diluting the mixture 
with water, adding carbonate of lead, Altering at the 1x>iling heat, and boiling the 
insoluble residue with water as long as the Altered liquid rields mystals of the lead- 
salt on cooling. These, when decomposed by sulphuretted hydrogen, yield the acid 
(Zervas). Limpricht treats anisic acid with sulphuric anhydride. 

^ Sulplianisic acid, obtained by slow evaporation of the aqueous solution, forma 
needles which are permanent in the air, and give off 6*9 per cent (1 at.) water at 
100'^ Cm and suAer no further decomposition below 170®. The aqueous solution may be 
boiled without decomposition. 

Sulplianisic acid is dibasic. The tuiphamsatei of ammonium, potassium, and 
sodium ciystallise readily, the Arat in long slender needles. The bariuni'Calt, 
C*ll'‘lhi"0*.SO* + 8H''*0, obtiirjed by saturating the acid with oarlwrmte of barium, 
forms Aiie crystals, which, after drying over sulphuric acid, give off 16*9 per cent. 
(R ut.) water at 180® C. It dissolves easily in water, and is precipitated W alcohol. 
The magn€cm7n~saU forms veiy soluble needles. The normal lead-mlt, C*H*rb"0*.SO* 
+ SH^O, forma beautiful needles, which give off their water at 180® C. The add 
Uad-ioit, C**H**Pb''0‘.2SO* + 2H*0, forms nodular crystals; easily soluble in water. 

The cilver^iolt forms nodular crystals, sparingly soluble in water. According to 
Zervas, the solubility of the barium and lead-salts is diminished by repeated 
oystallisatiom F. T. C. 

ANXSXC AZiCOBOIm Hydrate of Anisalyl, mV^iV m C*H»O.II.(), (Can- 
nizzaro and Bertagniiii, Ann. Ch. Pharm. xevlii. 188.) — Formed from hydride 
of anisyl in the same way a.s benzoic alcohol from hydride of Iwnzoyl. When 
a solution of pure hydride of anisyl in an equal volume of alcohol is mixed with 
three times its bulk of alcoholic potash of about 7® BeaumA (swciAc gravity 
I'052), a slight evolution of heat takes place, and anisic alcohol and anisate 
of potassium arc formed, the latter in such quantity that the mixture shortly 
l>ecomcs a ciystalline pulp. (2C*H"0» + KHO « C-H’KO* + CT1’*0«.) After 10 
or 12 hours, the alcohol is distilled off in a water- bath, and the residue is suspended in 
water, and extracted with hot ether. On evaporating the ethereal solution, a brown 
oil i.s obtained, and on distilling the oil, anisic alcohol passes over at about 260®C., as 
a cnIourh*s8 !ic|ui<l, which crystallises on cooling. This product generally contains some 
hydride of anisyl, which may be detected by agitating it with a concentrated solution 
of acid sulphite of sodium (see Anisyl, Htdiudb of). To purify it, it is treated again 
with a small quantity of alcoholic potash, distilled in carbonic anhydride, and the 
crystalline distillate pressed between Alter-paper. 

Ani.Hic alcohol ciystalUscs in hard, white, shining needles. It distils undecomposed 
between 248® and 260® C., and melts at 23®, when anhydrous, but at much lower 
temperaturoa when moist. It is heavier than water, has a faint spirituous, sweetish 
amtuU and a burning taste like that of oil of anise. At ordinary temperatures, it 
Temaina unaltered in the air ; hut when heated nearly to its hoiling point it, 
oxygen, and is converted into hydride of anisyl. Oxidising agents (as platinum- 
black, nitric ^d, &c.) convert it, Arst into hydnde of anisyl, then into anisic acid. 
Potassium dissolves in it with evolution of hydrogen. Sulphuric acid, even when 
moderately concentrated, or phosphoric anhydride, converts it into a rcsinons mass 
HeaW with chloride of zinc, it yields water, and an oily liquid, which solidiAes on 
fooling into a hard, transparent, vitreous mass, which melts at 100® C., and is insoluble 
in water and alcohol, but soluble in bisulphide of carbon. , 

When treated with hydrochloric acid gas, it forms water and a colourless liquid, 
navf^ a fruity smell and a burning taste. This substance is its hydrochloric ether, 
of anicdyl, C*H*0-C1, and is decomposed by alcoholic ammohia yi^ding 
chloride of ammonium, and the hydrochlorates of aniaamine and dianisamine (pt. 297^ 
probable from its analogy to salicvHc acid, anisic acid be regarded as 
oibasic, anisic alcohol becomes diatomic, (C*H*).H*,0* ; and chloride of anisalyl will bo 

onalogous to glycolic chloriiydrin. F. T. 0. 

AJtzmA«BTM«MA - C»HWO*HWO. (Pisani, Ann. Ch. 

™uTn, cu. 284.) — Fonned hy the action of oxychloride of pboaphoms on diy anisate of 
; the masa is washed with water, and the insoluble residue ctystaBised from 
U forma sUky needles^ solubla in aloohoi or other, iaoolabio in wator ct 
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aqueous alkalis; it melts at 99^., and distils at a higher tem|^tiire. ^ long 
boiling with water or aqueous alkalis, it is converted into anisic add. F. T. C. 

JLSVZBXIIZHS {MithylphenidiTie^ Gerh.) C’H"NO »* (C ah ours. 

Ann. Ch. Phys. [3] xxvii. 443.) — ^The action of sulphide of ammonium on the nifpo- 
derivative of anisol gives rise to the formation of peculiar organic bases. Anisidine is 
obtained by dissolving nitranisol in an alcoholic solution of sulphide of ammonium, 
evaporating at a gentle lieat a quarter of its volume, adding a slight excess of 
hydrochloric acid to the brown residue, separating tiie sulphur by addition of water, 
and filtering. The yellow-brown filtrate deposits on evaporation, needles of hydro- 
chlorate of anisidine, wliicli arc dried with filter paper and distilled with a strong 
solution of potash, wh«*n anisidine passes over with the aqueous vapour in the form of 
an oil, which solidifies on cooling. 

The properties of anisidine hut are imi^erfeetly known. It combines with acids, form- 
ing salts. The hydrovhfurritv forms fine colourless needles, soluble in water and alcohol. 
When u liot eonceiitrated solution of this salt is mixed witli a concentrated solution of 
dichloride of piatimim, the vhloruplutinatv sepamtes on cooling in yellow needles. The 
nitratv^ sulpha iind oxalate, arc crystalUsuble. 

The products of the action of sulphide of ammonium on the higher nitro-derivatives 
of iinisol may be n'gai tled as nitro-derivatives of auisidiue, though it is not known 
whether they can be formed by the aetiun of nitric acid on anisidine. 

Nitranisidine { Methyl niiTriphmUlh\f\ Gerh.’) C'1{®NW = C'H*(NO*)NO. — 
Pre|)arcdby a proecsssiitiilar to tliat d<‘scrilH‘tl for anisidine, dinitranisol beingsubstitiitcd 
for nitranisol, Tlu* lillrate is mixed with ammonia, and the precipitate thus formed 
is washed with water, aial crystallised fmm boiling alcohol, Nitranisuline forms long, 
gsirnct-red, sliiiiing needles, which are insoluble in cold, soluble in boiling, water; 
aolul>le in br»iling alcohol, whonca it se[)arates almost entirely on cooling ; also in 
ether, especially if ht atod. It melts at a gentle heat, and on cooling fonns a radiated 
mass ; when heat ed gradually to a liigher temperature, it gives off yellow fumes, which 
condense into yellow needles. Ibomine attacks it violently, forming a resinous mass, 
which has no alkaline properties. Fuming nitric acid decomposes it violently, yielding a 
viscous mas-s, insoluhle in aeids. The chlorides of benzoyl, ciuuamyl, cumyl, and anisyi 
attack it when gently heated, forming hydrochloric acid, and compounds analogous to 
benzamble, which are desoribe<l by Cahours under the names of hcnzonitraiewide^ 

cinaitruaisiJe^ &c. These bodies 

arc obtained pure by sueeessivoly washing the products of these reactions with water, 
hydrocddoric acid. an<l dilute p<»taKh, and crystallising from boiling alcohol; they are 
insoluble in water or in cold al<*cdioI. 

Nitranisidinc dissolves readily in acids, and with many of them forms crystalline 
salts. Tlie kyilrvehloratf and hydrohromatt'y when pure, form colourless needles, slightly 
soliil>lc in cold, readily in boiling, water. The chlorojdatinate 8epii*ates in orange- 
brown iieeilh’s from a mixture of hot concentrated solution solutions of the hydro- 
cidorato and diehloride of platinum. The sfdpkate forms concentric groups of silky 
needles, ivadily soluble in water, e.‘<peeiaUy in water containing sulphuric acid. The 
ttilratf forms large needles, much more Holuble in hot than in cold water. 

D i nit r avis id i n f ( M thyl-dinil)'oph‘ nidini\ G or h.) C’H’K*0* « CTP(NO*)*NO. 
“I'ro pared precisely like nit ranisidiue, trinitranisol being substituted for dinitranisol. 
Wheu dry, it is an amorphous powder, of a bright red or violet=-red colour, according to 
the eoncentration of the solution from which it wjis precipitated. It is almost insolublo 
in cold water, very slightly in liot water, forming an orange solution : slightly soluble in 
cold, moderately in hot alcohol, and separate.s on cooling in violet-black ciy'stals; 
slightly soluble in hot ether. It melts at a gentle heut^ and solidifies on cooling into a 
radiated, violct-black, crystalline mass. It is much less basic in its properties than the 
foregoing compound : it forms crystallisable salts with hydrochloric, nitric, and sul- 
phuric acids, if the acids be erni>loyed in excess, but these comiiounds are deeom- 
posed by water. When heated w'ith fuming nitric aci^ it is violently attacked, and 
yields a yellowish binivTu resinous mass, which dissolves in potash, forming an intensely 
Drown solution. F. T. C. 

AWtSlWa. See Akishydraxitdu. 

AMXSOlO ACXB. (Limpricht and Ritter, Ann. Ch. Pharm. xcvii.^ 

864.) — A product of the oxidation of oil of star-anise (probably also of oil of anise, tar- 
ragon, fennel, &o.). Tlie oil is heated with nitric acid, of specific pyavity 1*2, and the 
oily layer which sinks to the bottom of the mixture is agiUted with a warm solution 
of acid solpHfte of sodium, whence animte of sodium crystalliiiA on cooling. *To the 
purified crystals, enough sulphuric acid is add<*d to decompose the salt, the whole era- 
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porsitinl to drynefis, and the acid extracted fmin the n^idue by absolute alcohol. It 
crystallises from its aqueous solution in small lamina^^ which have a strong acid reactioni 
Riid are veiy soluble in water, alcohol, and ether; they melt at about 120° C., and are 
not volatile without decomposition. 

Aiiisoates are mostly readily soluble. The sodium-sah^ C'*H'’NaO*, and the barium* 
suit, form white crystalline nodules. The si/vcr-salt forms soluble nodules, and speedily 
bUiekens when moist. ^ F. T. 0. 

Stadeler and Wachter (Ann. Ch. Pharm. Qxxi. 169) regard this acid as identical 
with thianisoic add^ C'*H'*SO*,th€ product which they obtom by treating anise cam- 
phor with nitric acid of specific gravity 1*106, then distilling and agitating the distiK 
late with acid sulphite of sodium and alcohol. The atomic weights of the two acids 
are nearly equal (anisoie acid == 234 ; thianisoic acid « 230), so that the determina- 
tions of carbon and metal in Limpricht and Ritter's analyses of the silver and barium- 
salts will agree with the one formula as well as with the other. Moreover in Limpricht 
and Ritter's analyses of both these salts, the amount of hydrogen found was much too 
low for the formula of anisoie acid (in the barium-stilt 6*44 per cent., by calculation 
6*(>6 ; in tlie silver-salt 4*0 per cent., calculation 4*98), and the absence of sulphur 
was not established by direct experiment. (See Thianisoic Acid.) 

AJBTlSOXlf. See Anise, Oil of. 

iUrXSOXi. Phenate of methyl, Dracd. C’H'^ ■» C*II*(CH*)0. (Cahours, Ann. 
Ch. Pliys. [3] ii. 274; x. 353 ; xxvii. 439.) — This compound is formed by the 
action of caustic baryta on anisic acid, or on its isomer, salicylate of methyl: also 
directly from phonic acid, by the substitution of methyl for 1 at. hydrogen. It may 
be obtained in various ways. Anisic acid ilistillcd with excess of caustic baryta or 
lime, is deconq>o.secl, anisol passing over as a volg*Uo oil: O'lPO* + Ba'-'O «= C^H"0 + 
The same result follows when salicylate of melbyl is dropped on finely 
powdered baryta, and the mixture gently distilled. A third method is to heat phenato 
of potassium with iodide of methyl in a sealed tube, to 100° — 120° C. C*H'KO -l- 
CH’I «= C*H\CTI*)0. + KL The product of either of these reactions is washed with 
dilute potash and with water, and rectified over chloride of calcium. 

Anisol is a colourless, very mobile liquid, with a pleasant aromatic smell. It is in- 
Rolulih* in wati‘r, very soluble in alcohol and ether, insoluble in potash. Its specifie 
gr.Lvity at 15° C. is 0*991 ; it boils ut 152° C., and distils undecomposed. It is isomeric 
with lionzoic alcohol and taurylic acid. 

It may be distilled over phosphoric anhydride without decomposition. It dissolves 
entirely in strong sulphuric acid, and is not precipitated by water, a copulated acid 
iM-inpr formed. This acid, which Cahours calls sdphamsulic^ Bn<l Gerhardt mdhyh 
sitlyhitphenic acid, has the formula C’H'SO*. lly saturating the acid liquid with 
carbdiiaU) of barium, a ctystalline barium-salt is obtained, which contiins 1 at. barium. 
If fuming sulphuric acid be employe<l, not in excess, the addition of water sepa rates 
crystalline fiakes of a neutral bwlpr, which Cahours calls $ul^hanitolide. Its formula 
is ; it is to sulphanisolic acid as sulphate of ethyl is to ethyl-sulphuric acid 

'I’his lx)dy is best obtained Viy passing the vapour of sulphuric anhydride into arti- 
fi«‘i:ilJy cooled anisol, and adding water to the mixture ; sulphanisolide is then de- 
|<>sited in line, needles, which are recrystallised from alcohol, while sulphanisolic acid 
remains in solution. It fonns soft silvery prisms, insoluble in water, soluble in alcohol 
and ether. It melts at a gentle heat, and sublimes undecomposed. Strong sulphurie 
acid converts it into sulphanisolic acid, 

Su 

BSTiTUTioN-DKftivATivBS OP Anisol. — Chlorino and bromine form with 
anisol crystalline substitution-cumpounds. The chlorine-compounds have not been 
cxaniineil ; there are two bromine-compoumhi, bnmanUol^ GWBrO, and dibromanied, 
C^n*Br^O. The latter is soluble in filing aladol, whence it ciystalHses in brillant 
Aeshni. It melts at 54° C., and at a higher temperature sublimes entirely in miaU 
shining tables. 

Fuming nitric acid acts eneigefically on anisol, forming three distinct nitro-com- 
ixainds, Xitraniaal^ Diftitranisof^ and I'rwitranisol^ according to fhe nn^rtionsof the 
reagents and the duration of the reaction. NitranM, C'HXNO*)6, is prepared by 
adding fuming nitric acid by small portions to anisol, the mixture being xe^ cool by 
ICC. A bluish-blacks oily liquid is thus obtained, which is washed with dilute potosh, 
and rectifi^ over chloride of calcium. Anisol distils over first, and when the Doiling 
fKunt remains constant at about 260° 0., the receiver is changed. Nitranisol is a clear 
amlier-coloured liquid, heavier than ^d insoluble in water, with an aromatie smell, 
»<>mething like that of bitter almond oiL It boils between 262° and 264° C. It is 
not attacked fay aqueous potash, even on heating. When gently heated with strong 
sulphuric acid, it dlmolvea, and separates out again on the addition of water. Whan 
heated with ftimuig nitric acid it is .suecessiTely convertwl into di- and tii-nitanuiiioL 
VoL. L • X 
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Dinitranisot, C^*(N0*)*0, ia prepared by boiling aniaol for a few minutes with 
excess of fuming nitric acid : on adding water, a yellow liquid is separated, which 
soon solidities into a yellow mass, which is recrystallised feom boiling alcohol. It is 
also obtained by heating anisic acid to 90® — 100® C., for about half an hour, with two 
or three times its weight of fuming nitric acid : chrysaniaic acid forms at the same time, 
and is removed by dilute potash. Dinitranisol crystalliaes in long pal© yellow needles, 
insoluble even in boiling water, soluble in alroliol and ether. It melts at about 86® C., 
and sublimes undecomposed. Aqueous pottish does not attack it, even on boiling, 
unless the solution be very strong, and even then long boiling is required : when 
boiled with alcoholic potash, it is speedily decomposed, dinitrophenate of potassium 
being formed. 

Trinitranisol, C^H*(N0®)*0, is formed when anisol, anisic, or nitranisic acid is 
boated with a mixture of equal parts of strong sulpluiric and fuming nitric acid. 
Anisic acid is gencraUy employed for its preparation. The mixture, which at first is 
clear and colourless, is gently heated till it begins to become turbid, carbonic anhy- 
dride being copiously given off. The heat ia then removed, when there gradually 
collects on the surface an oil, which solidifies on cooling. A large quantity of water 
is then added, and the solid product is washed with boiling water, and ciystaHised from 
a mixture of equal parts of alcohol and ether. The reaction is complete if 16 pts. 
of the mixed acids bo employed for 1 pt. anisic acid. Trinitranisol crystallises in 
yellowish, very brilliant tables, insoluble in water, soluble in hot alcohol or in ether. 
It melts at 58®— -60® C., and if carefully heated, sublimes. Warm sulphuric or nitric 
acid dissolves without decomposing it. Aqueous ammonia or dilute potash, does not 
attack it, even on boiling ; but modemtely strong aqueous potash gives it an intense 
brown -red colour, and completely decomposes it on boiling, forming a slightly soluble 
potassium-HJilt of an acid, which is isomeric with, but, according to Ciihours, distinct 
from picric, or trinitrophenic acid, which he designates picranisic acid.- 

All the iiilro-derivutives of anisol arc readily attacked by alcoholic sulphide of am- 
monium, sulphur being separated, and anisidino and its nitro-derivativea being formed. 

K T. C. 

AVlBVJMXWr, Tho name given by Brandcs and Reimann to a brown product, 
obtained by extracting anise-seed, after previous treatment with alcohol, water, and 
hydrochloric acid, with aqueous potash, and precipitating the alkaline solution by acetic 
acid. F. T. C. 

AWISITRIC jFiCXll* — ^An acid analogous to hippnric acid, produced 

by the action of chloride of ani.syl on the silvcr-eoinpfmndof glycocoll (C If*AgNO'^ + 
C^IPO'Cl = AgCI H C'^H^NO’-'). Acids, with aid of heat, convert it into glycqcoll 
and anisic acid. (Cahours, Ann. Oh. Pharm. eiii. 90.) 

AWIBYXta C"H^O*. — A hypotlictical radicle, supjiosod to bo contained in anisic 
acid, hydride of anisyl, and other anisic compound-s. It ma}' be rcganled as snlifyl, 
C’HW, in which 1 at. hydrogen is replaced by raetliyl, CTI’O'^ = CUr\CIP)0'‘* : and, 
in fact, anisic, acid and salicylate of methyl are not only isomeric compounds, but are 
both decomposed in tho same manner by caustic baryta. Anisic acid is, thorefore, 
to salicylic acid, as acetic is to formic acid. If, n-s Piria’s recent rc.scarchcs (Ann. 
Oh. Pharm. xciii. 262) tend to sliow, salicylic acid be not monobasic but dibasic, tho 
clear analogy between it ainl anisic aciJ, would probaVdy lead to the conclusion 
that the latter acid is also dibasic; in which case, all anisic compounds must be 
regarded as containing a diatomic radicle, C*H*0, rather than a monatomic radicle 

. BnoKtDB OF Akisyl. CnW.Br. (Cahours, Ann. Ch. Phys. [3] xiv! 480.) 
—Prepared by efropping dry bromine (excess of which must be avoided), upon hydride 
of pnisyl : heat is evolved, hydrobromic acid given off, and the mixture sobdifies. The 
solid product is rapidly washed with ether, preased betw'een filtcr-yvaper, and crystallised 
from other. ^ It forma white, silky crystals, which aro volatile without dcconipositioii. 
Strong boiling potash gradually converts it into anisate and bromide of potassium. 

CHLOBinx OF Anist^ C«HWCL (Cahours, Ann. Ch. Phys. [31 xxiii. 351.) 
-—When anisic acid is treated in a retort with pentachloride of phosphorus, a 
Violent action takes place, and a mixture of products passes into the receiver. These 
are fractionally ihstilled, thatpart which l>oils between 250® and 270® C. being collected 
Hparti washed with a little water, and rectified over chloride of calcium. Chloride of 
anisyl aleo^ scorns to be formed by the action of chlorine on the hydride. It is a 
colourless liquid, with a strong smell : its boiling point is 262® C.; its specific gravity it 
1*261 at 16®. When exposed to moUt air, it is speedily decomposed into hyuochlorio 
and anisic adds. In contact with dry ammonia, it evolves heat, and is converted into 
anissmide (q, a.). Alcohol and wood-spirit attack it energetically, forming hydro** 
chloric acid, and anisate of ethyl and methyl respeetiTely. ^ 
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Htdriiiv Anisyij C3*H*0* « C*H»0* H. AnUylwauerstf^ ; Ani^ylont 

Acid; Anisic Aldehyde; Anisal, (Cahours. Ann. Ch. Phys. [3] xir. 484 ; xxiii. 354.) 

Formed, together with anisic acid, by the oxidation of oil of anise, or of anisic 

alcohol ; in the latter c«a 80 , the action of phitinnm-black is sufficient to pi*odiico the 
vdect. It is prepared by g^'utly heating oil of anise for about an hour, with tliree 
times its volume of nitric acid of s^cific giavity I'lOG (14® Baanii): the heavy oil 
^«’hie!l is thus formed is washed with dilute potash, and distilled. The distillate is 
agitated with a warm solution of acid sulphite of sodium, of specific gravity 1'26 ; the 
crvstalline compound thus formed is collected on a funnel, thoroughly washed with 
alcohol, dissolved in as little hot water as possible, and the solution heated with 
excess of strong sodic carbonate, when the hydride of anisyl separates out and floats 
on the surface. It is then purified by rcdistillation. The reaction is as follows, oxalic 
acid being simultaneously formed : 

C«H'-0 + O- « + C“n*0* + H-0 

Oilofanine. Ilvilnde OxhMc 

of atiisyl. iicicl. 

Hydride of anisyl is a yellowish liquid, with a burning taste, and an aromatic smell 
somewhat like that of hay : its specific gravity at 20® C. is 1-09, and its boiling* poijit 
25S® — 256® C. It is almost insoluble in water, but soluble in all proportions in alcohol 
ami ether. Strong sulphuric acid dissolves it, forming a dark-red solution, wlience it 
is rcprecipitatetl by water. When exposed to the air, it gradually absorbs oxygen, and 
is convcrte<l into anisic acid ; the fiamc change is produced more rapidly by means of 
oxidising agents, such as phifinum-blm’k, or dilute nitric acid. Strong nitric acid 
ronverts it into nitranisic acid. Stnuig aqueous potash does not dissolve it till after 
hmg boiling; fuse<I or alcoholic potash convert it into anisatc, with evolution of hydro- 
gen, or formation of anisic alcohol. Prolonged contact with caustic ammonia cimvcrts 
it into unishvdramide (ly. u.). Pentachlorido of pliosjdiorus atUicks it cnerg(‘ti cully, 
tlie mixture thickening, and finally becoming a black pitchy mass, and a strant^ distillalo 
is r}btained, consisting of chloride of phosphoryl, together with a neutral oil liaving a 
strong smell of turpentine. 

Hytlridc of anisyl pessesses the property peculiar to aldeliydos, of forming crys- 
talline compounds with acid sulphites of alkali-nu'tul. Sulphitf' of anisy/~8odivm, 
(->IPNaU*,JSO' + aq. (Bertagniiii, Ann. Ch. Pliorm. Ixxxv. 208), is obtained by 
agitating hydi'ide of anisyl with a strong solution of achl sulphite of sodium : the mix- 
ture* iussuniea the consistence of Inittor, an<l finally becomes crystnlliiie. When dried 
aiul rt cTystallised from boiling alcohol, it forms colourh'ss, shining scales; but it is 
always partially decomposed during crystallisation. It is soluble in coJil water, and 
is rt jjiveipitated by acid sulphite, of sodium, in which it is almost insoluble: its uque- 
• •us .solution is decomposed by boiling, liy«lride of anisyl being formed and sulphui'Oiia 
ioiljytlrido evolved. Acids ami alkalis deconif»ose it also. Ammonia disRoivefl it, form- 
ing oily drops which gradually solidify into oryslals of anishydnimide. Iodine and 
bromine decompose it readily. The potassium- "and ammonium-compounds are similar 
to the Bodium>compound, both in mode of formation and in general properties. F.T, C. 

AKrXBAZTB. A variety of dolomite, CO*CaMg, in which the magnesium is 
partly repluce<l by iron and manganese. Aoconling to Berthier (Pogg. Ann. xiv* 
lb3), it fuses to a crystalline compound with carbonate of iKsliurn. 

ASririiaBB€S>ZTB. See Nick£ 1 .-oubkm. 

AsTNEAXiTBro. Rk'uit^ Anlcuunn .) — Many bodies when raised to a 

higli ternpe^rature and quickly cooled, become very har<l and brittle. This is a great 
iiK-r>nvenience in glass, and also in steel, when tiiis metallic substance is w^uired to 
bf soft and flexible. These inconveniences are avoided by cooling the substance very 
grradually ; and the process is called annealing. (Bass vi'ssels, or other articles, afe , 
carried into an oven or apartment near the grcfat furnace, called the where they 
are, ptirmitted to cool, more or less quickly, according to their thickness and 
bulk. The annealing or tempering of steel, or other niotallic bodies, consists simply 
Jn heating them, and suffering them to cool again, either upon the hearth of the 
furnace, or in any other situation where the heat is moderate, or at least the tempera- 
ture IS not very low, — U. (See Dictionary of Arts, Ajanu/aciureSt and MwneSt i, 182.) 

. The pellicles of the seeds of the ortilana, a liliaceous shrub, 

from 15 to 20 feet high in good ground, afl^rd the red masses brought into Eurojie 
of annottOt anatio^ amatto, atnotto, orlean^ and roucou. 

The annotto commonly met with in this countiy is moderately hard, of a brown 
colour on the outside sad a dull red within. It is difficulUj actra upon bjr water, 
the liquor of a pale hrowniah-yeUow colour. In rectified ^irit of wine. 

It oisiohres wery readily, end oommunicatea a high oninge or yellowish-red colour. 

X 2 
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Hence it is used as an ingredient in Tarnishes, for giving more or less of an orange 
cast to the simple ydlows. 

Ether is the best solvent of annotto. Potash and soda, either caustic or carbonated, 
dissolve annotto in large quantity, from which solutions it is thrown down by acids 
in small flocks. The alkaline solutions are of a deep red ^ colour. Chlorine de- 
colorises the alcoholic solution of annotto, the liquid becoming speedily white and 
milky. If strong sulphuric acid be poured on annotto in powder, the red colour passes 
immediately to a very fine indigo blue : but this tint is not permanent changing to 
green, and finally to violet, in the course of twenty-four hours. This property nf 
becoming blue belongs also to saffron. Nitric acid, slightly heated on annotto, 
sets it on fire, and a finely divided charcoal remains. Annotto is soluble both in 
essential oils, as oil of turpentine, and in fixed oils. (Boussingault, Ann. Ch. Phys. 
xxviii. 440.) 

Annotto contains a crystalline yellow colouring matter, called bucin (g.v.), which, 
when treated with alkalis, in contact with air, absorbs oxygen, and is converted into a 
red substance called hixdn. Annotto is used in dyeing, but the colours produced by it 
are all fugitive; also for colouring cheese. — U. (See 8 Dictionary of Arte, Manu» 
faetureSf and Mines^ i 178.) 

AlVOXta. Faraday’s term for the positive pole or electrode in the voltaic circuit 
(See Anion and ExJtoraiciTT.) 

AWORTHXTB. Ca"O.SiO» + APO».SiO* « (Caa/»)Si*0®.-— A mineral belonging to 
the felspar family. It occurs in small crystals belonging to the triclinic system ; also 
massive, with granular, columnar, or coarsely lamellar stnicturc. Cleaves perfectly in 
two directions, inclined to. one another at 85® 48'. Specific gravity 2*66 — 2’78. 
Hardness 6 — 7. Transparent to translucent, with white, greyi^ or reddish colour, 
and vitreous lustre. Streak uncoloured. Fracture conehoidiil. Brittle. Before the 
blow|)ipe it melts, and forms with soda a milk-white enamel. Strong hydrochloric 
acid decomposes it completely, but does not gelatinise it. 

Anorthitc is found on Vesuvius and Somma, in the island of Procida, in Corsica, near 
Bogoslowsk in the Ural, on Hecla and in other localities in Iceland, in Java, in the 
island of St. Eustacho in the Antilles, and in the meteorite of Juvenas. The follow* 
are analyses : 



G. Rose. 

Oerllle. 

Dainour. 

Waltersha usen 

Potyka. 


aomma. 

Antilles. 

Hecla. 


Hecla. 

Ural. 

SiO* 

. . 44*49 . 

. 45*8 . 

. 45-97 . 


45*14 . 

. 46*79 

Al'^O* 

. . 34*46 . 

, 35*0 . 

. 33*28 . 


32*11 . 

. 33-16 

Fo»0» 

. . 074 . 

, — . 

. 1-12 . 


2*03 . 

. 3-04 

CaO 

. 15 68 . 

. 177 , 

. 17-21 . 


18-32 . 

. 15-97 

MgO 

. 5*26 . 

. 0*9 . 

, — . 




Na‘*0 

. . — 

. 0*8 . 

. 1*85 . 


1-06 . 

. 1-28 

K“0 

. . — 

. — . 

. — 


0*22 . 

. 0-56 

NiO and CoO 


• — • 

• — 


0*77 . 

, — 

Water 

. . — . 

- — . 

. — . 

• 

0*31 . 

. — 


100’63 

100*2 

99-43 


99*96 

100-79 


The fbrmula above given, which is that of an ortliosilicate, requires 43*2 SiO\ 36*8 
AIH)», 200 CaO. 

The following are varieties of anorthite having nearly the same composition and 
crystalline form : - 1. Amphodriite has the structure and specific gravity of anorthite; 
found at Ijogi, in Finland, and Tunaberg in Sweden, — 2. Bytoumite^ from Bytown in 
Canada. — 3. Diploitt or LairohiU\ from the island Amitok on the coast of Labrador, 
Rose-red, with the form, structure, and density of anorthite. — 4 Induxnite, fit>m 
Hindostan. Granular masses, having the structure of felspar. — 5. J,,cpolitey from Logi 
and Or^arfvi in Finland. Resembles amphodelite. — 6. Lhidsayite, from the same 
localities, appears to be the same altered, and containing a few per cent, of w\ter, 
—>7. Polyaryitet irom Tunaberg. Rose-red; granular; gives off water when heated, 
and becomes colourless. — 8. BoacUan^ from Aker, Sodermanland. Exhibits similar 
properties. — 9. Sundmtkite, from Klmito, Finland. Has the form of felspar; and 
spo^e gravity = 270. — 10. Wilaomite^ from Canada. Rose-red; specific gravity 
276 — 277 : hardness very different in different parts ; becomes colourless when 
heated ; pvQS off water and melts before the blowpipe, swelling up to a white ^***—*i 
(Dana, ii. 234 ; Rammelsberg*8 Mineralehemie, 690.) 

▲MOTTO. See Annotto. 

▲MOMOKMIM. According to Leconte and Qoumoens (OompL rend, mvi, 
834), fibrin, muscular fibre, albumin, vitellin, [globulin, and eawin, eontnin two 
different substances, one of which, called oxoiuin^ dissolves in glacial acetic add, widia|y 
tliO other, anaxolmnt is insoluble in that acid. In fibrin and muscular fibre* tlH^ 
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luioioluin may also be diatinguisbed, when examined by the microsoope, by its fibrous 
ptruoture, from the oxoluin, which is granular. Anoxoluin dissolves with reddish ooloui 
in dilate sulphuric acid, whereas oxoluin dissolves but sparingly and with yellowish 
colour. Anoxoluin is precipitated of a carmine-red colour by mercuroso-mercuric 
nitnite : oxoluin. light rose-red. Chromic acid dissolves anoxoluin at 100® C., forming a 
ml-brown solution, whereas oxoluin is not affected by it. Hydrochloric add dissolves 
tlie former readily, forming a violet solution, the latter but sparingly, with yellowish 
colour. A boiling saturated solution of tartaric acid dissolves anoxoluin readily, but 
not oxoluin. 

AVXBOXXIUUW. The yellow colouring matter of the flowers of vellow toad- 
flax {Linaria vulgaria or Antirrhinum Linaria, L). — It may be prepared by treating 
the flowers with warm alcohol, evaporating to dryness, exhausting with water to dis- 
solve sugar, gimni, &c., treating the insoluble portion with alcohol, evaporating again 
and digesting in ether. On evaporating the ethereal solution, the colouring matter is 
ol>tain^ in yellow nodules. It melts when hoated, and sublimes apparently without 
decomposition. The fixed alkalis dissolve it with red colour ; ammonia and alkaline 
carbonates, with dark yellow colour : from these solutions it is precipitated yellow by 
acids. Minerals acids dissolve it with red colour, the solutions becoming yellow ou 
stttiuling. The concentrated aqueous solution is precipitated reddish-yellow by acetate 
of lead, greenish-yellow by cupric-salts, orange-yellow by protochloride of tin. With 
hydrate of alumina it forms a pale yellow lake. The flowers of toad-flax are some- 
times used for dyeing yellow ; stuflfe dyed with them have a light yellow colour, but 
assume a dirty yellow colour when exposed to the air. (K leg el, Pharm. Centralb. 
1842, 454.) 

AmBOXTAW or CYAMTMn The blue colouring matter of flowers. (Sea 
CoLouBiNO Matter.) * 

ABTBOXiBiroxW. The white colouring matter of flowers. (See Colourino 
Matter. ) 

ABTKOPKTZi]jZTB« A mineral belonging to the amphibole falhily. (See 
IIORNllLENDE.) 

AB’TBOBIOBBSTB. A native silicate of iron, found at Antonio Pereira, in 
Minjis Gcraes, Brazil It has an ochre-yellow colour inclining to yellow-brown, 
and a fibrous radiated structure. Its composition, according to Schnedermann's 
analysis, is Si*Fe<0** + 2H*0 « 2F0*O*.9SiO* + 2H*0. 

ABTHOXAVTHnr. The yeUow colouring matter of flowers. (See Coloubino 
Matter.) 

ABTBBACBB’B or AJTTXBACXB. Syn. with Faraeafutkalxn. 

AJTTHBACITB* Blind coalf Kilkenny coal^ or Glance coal. — There are rhreo 
Turiutics.—l. Massive, the conchoidal of Jameson. Its colour is iron-black, some- 
tiiuea tarnished on the surface, with a resplendent lustre. Fracture conchojd^, with 
a psYiido-metallic lustre. If is brittle and light. It yields no flaiuo, and loaves 
whitish ashes. It is found in the newest floetz-formations, at Meissner, in Hesse, and 
Walsall in Staffordshire. — 2, Slaty anthracite. Colour black, or brownish -black. 
Impi*rfectly slaty in one direction, with a slight metallic bistro. Brittle. Specific 
parity 1*4 to 1*8. Consumes without flame. It is composed of 72 carbon, 13 silica, 

3 ;i alumina, and 3*6 oxide of iron. It is fraud in both primitive and secondoiy 
rocks ; at Calton Hill, Edinburgh ; near Walsall, Staffordshire ; in the southom narts 
cf Brecknockshire, Carmarthenshire, and Pembrokeshire, whence it is called Welsh 
culm ; near Cumnock and Kilmarnock, Ayrshire ; and mostly abundantly at Kilkenny, 
Ireland.— 3. Columnar anthracite. Small short prismatic concretions, of an iron* 
bliick colour, with a tarnished metallic lustre. It is brittle, soft, and light. It yields ‘ 
no^ame or smoke. It forms a thick bed near Sanquhar in Dumfriesshire ; at Salt- 
^^ts and New Cnmnodt in Ayrshire. It occurs also at Meissner in Hesse. — 17. (See 
lJr^9 Dietumary of Arts, Manufactures, and Mines.) 

ABTSBAGOUTBor ABmnUkCOBriTBf A variety of calc-spar 07 limestone, 
colou^ |>!ack or blackish-brown, by coal and bituminous matter, occurring in cartain 
aluminous schists, and similar frrmations containing vegetable and animal remains, 
as at Androasberg in the Hartz, and at Christiania in Norway. When the bitumen pre- 
domi^tea, the mineral is caU^ stinkstone, from the property which it possesses of 
emitting^ when rubbed or cracked, an odour like that of putrefying animui remains. 

AB TBB , A C O aUM T B . A fossil resin which oocuns in layers of great extent, and 
ri j^chc a thick, between Uie strata of coal at Brandeisl near 8chUu in Bohemia. It 
la brownidb-hla^ in the mass, but exhibits a byacintb-red colour in thin layers ; has 
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a shining surface, and conchoi'dal fracture; is brittle, and yields a yellowisb-brown 
powder. It melts and swells up strong when heated, and bums with a not unpleasant, 
odour, leaving a residue of ferric oxide, lime, sulphuric acid, and silica. It appears to 
he a mixture of several substances. Ether dissolves a portion of it, leaving a resin, 
which has, according to Laurent, the composition The ethereal solution 

deposits after partial evaporation, a brown powder, containing and this, 

when exposed to the air, takes up oxygon, and becomes partially soluble in alcohol ; 
and the alcoholic solution, precipitated with acetfito of copper, yields a flocculent pre- 
cipitate, eontaijiing oxide of copper, in combination with a resin, whose comi^osition is 
expressed by the formula The portion l(‘ft undissolved by the alcohol 

appears to contain (Ilandw. d. Chein. 2*® Aufl. ii. 39.) 

ikirTBRiLVl’XXiXC .&CXXI* See pHRNTi.CARnAMic Acm. 

BXXTBXLOPXXir. Ileintz, in examining human fat, obtained, besides stearic acid, 
an acid whicli melted at 62° C., and gave by anaiyisis numbers corresponding to the 
formula C”H*0*. This he at first supposed to be a peculiar acid (anthi*opic acid) 
existing in the fat in tlie form of a glyceride (anthropin) ; but later investigations 
proved that it was a mixture of stearic acid with margaric or palmitic acid. (Pogg. 
Ann. Ixxxiv. 238 ; Ixxxvii. 233.) 

AXXTXAItXSr, + 2ir^0. — The poisonous principle of the Ujpaa antiar^ a 

kind of green resin which exudes from the upas tree {^Antiaris toxicaria\ and is em- 
ployed by the Javanese for poisoning their arrows. It is extracted by exhausting 
the upas with boiling alcohol, evaporating to dryness after the antiar-resin (see below) 
has deposited, treating the extract with water, and evaporating to a syrup ; the 
antiarin then takes the form of scales, which are purified by recrystallisation. It is 
without odour, dissolves at 22°'5 C. in 261 parts of water, 70 parts of alooliol, and 2*8 
pts, of ether; thesohition is neutral to test-papers. It likewise dissolves in dilute acids. 
When dried at ordinary temperatiire.s, it contains 13*4 per cent of water of crystalli- 
sation, which it goes off at 112° C. It melts at 220° C. into a colourless liquid, which 
assumes a vitreous aspect on cooling, and at a higher temperature turns bi*own, and 
exhales acid vapours, Pehydrated antiarin contains C’dl'^O* ((52*69 p.c. C and 7*45 
If.) 8uli)huric acid colours antiarin brown. Hydrochloric and nitric acids dissolve 
it wiiliout alteration; so likewise do f)otash and ammonia.' 

Antiarin applied to a wound produces vomiting, convulsions, diarrhena, and soon 
afterwards death; its poisonous action is remarkably accelerated ])y mixture with a 
mduble substance, such as sugar. (Mulder, Ann. Ch. Phsirm. xxviii, 304.) 

ANTXAR RSBXXTy — The upfts antiar also contains a resin which does 

not exhibit any poisonous action. It is extracted by treating the upas with boiling 
alcohol or other, and is deposited on cooling in white, odourless, glutinous flak(‘.s, 
huAung a density of 1*032 at 20° C., melting at 60°; insoluble in water; soluble in 325 
pts. of alcohol at 20°, and in 44 pts. of boiling alcohol. Boiling ether dissolves § pt. 
of the resin. It dissolves readily in essential oils, and is sparingly dissolved by cau-stic 
potash. Its alcholie solution is not precipitated by alcoholic acetate of lead ; hut on 
adding water to the mixture, a plastic mass is prt^cipilated containing 23*44 per cent, 
tixide of load. (Pelletier and Cavoutou, Ann. Ch. Phys. xxvi. 67; Mulder, 
Ann. Ch. Pharm. x.xvii. 307.) 

ASTTXCBXiOR. The application of alkaline hypochlorites (chloride of lime, &c.) 
to tlie l)leaching of cotton and linen, is attended with this inconvenience, that the 
fibre is apt to retain a quantity of free chlorine, which gradually rots and destroys it. 
Hence the necessity of removing this free chlorine, either by long continued washing, 
or by the application of some reagent which can unite with the chlorine, and convert 
it into an innocuous compound. Such reagents are called “ Antichlors : " their use is 
especially necessary in the paper manufacture, in which long continued washing in- 
volves a considerable waste of the pulp, and on the other hand, the non-removal of the 
free chlorine is attended with a gradual rotting of the goods after stowage, fading of 
the coloured quantities, and in some instances partial obliteration of documents 
written upon the paper thus imperfectly preporeo, besides uyury of the delicate 
machineiy of the manufactory. 

The first su^tances used for this purpose were the neutral and acid sulphites of 
sodium (milphite and bisulphite of so<la). A patent for this application of the 
acid sulphite was granted in 1847 to Mr! Henry Donkin, a manufacturer of paper- 
makex^s machinery. &c, at Bermondsey, and it was largely used till 1863, when it was 
superseded by hypomipKiU of 9odittin^ which is both chea^wr to prepare and more 
efficacious, its practical Vidue being just double that of the acid sulphite. (See 
HTPOsuiiPHiTiiS, under Siri.pHUH,) The products formed by the action of chlorine, (or 
hypochlorous acid) on sulphite or hy|>osiilpliite of sodium, are sulphate and chloride of 
B^ium, both of which ai'e {H>rfectly tnmM'uous, and easily removed by washing. 
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To enaure the complete removal of the free chlorine, the bleached paper or other 
material or the wash water whicli runs from it, mtwt bo tested with a mixture of 
itnlide of potassium anil starch : the slightest trace of chlorine will be inrlicated by a 
blue colour. To ascertain whether an excess of the antichlor has been used, add to tlie 
mixture of starch and iodide of potassium a few drops of the bleaching liquid, so as 
to pnuluce a blue colour, and then add a portion of the liquid to be tested; if 
the antichlor is present in excess, the colour will be destroyed. 

Sulphide of calcium, prepnrt'd by boiling sulphur with milk of Kmc, has also been used 
m an antichlor ; so likewise has a solution of protochloride of tin in hydrochloric acid ; 
in the latter case, however, it is necessary, after the completion of the bleaching 
process, to add carbonate of sodium, in order to neutralise tlia free hydrochloric acid, 
wljich M'ould otherwise act as injnriously as the free chlorine itself The precipitate 
of oxide of tin thereby produced is quite white and sofl and does not interfere with 
tlu* subsequent stages of the paper manufacture. 

Lastly, coal-gas has been used since 1818, as an antichlor in paper making; it does 
not appear, however, to be so convenient as th<» reagents above-mentioned (See 
Jh i:.vcmNO, Ure*3 Dictionary of Arts^ Manufactures^ and Mines,) 

AITTZCB&OMSTXC TBBOBT. See Chlorins. 

AxrrxooilXTB. A hydrated silicate of magnesium belonging to the eeiTpentine 
group, found in the valley of Antigoria in Switzerland. (See Sbrpbntinb.) 

AXrrXMCON’ATXIS. See Antimony, Oxides op. 

AS3 Tinxoif XAXi COPPBBa Native sulphide of copper and antimony, or Wolfs- 
bergite. (See Copper, Sulphides of.) 

AlTTXMOWXAXi COPPSR OXiAWCB* Also caUed Wolshite , — A mineral 
fouml in tlie iron mines at St Gortraud, in Carinthia. SJiort rhombic prisms with 
clrarago parallel to the brachydiagonal, imperfect; also massive. Specific gravity 
fr? - 6*8. ILirtiness « 3. Colour blackish Icad-grcy. Fracture conchoYdal, to uneven ; 
brittle. Contains, according to Selimtter’s .'inulysis, 28*60 3, 16*6 Sb, 6 04 As, 29*60 
Fh, 17*36 Cu. 0*40 Fe, = 96*94. (Dana, ii. 82.) 

AXfTXMOXBrXAXi CROC VS. See Antimont, Oxysxjt.phtdb op, 

AXrTX]lton‘XA% XAATI orbs. See Lead, Sulphideo o». 

AXrrxaxORXAXi SrxCUXi, and AJrTXMOarXAR SXXiVBR, Bee Anti- 
mony, Af.LOYS OP. 

AXrTXMOXrXAXi SVXiPHXRB Of BXXiVBR. See Su.VER, SULPHIDE OF. 

^^^^niXOR’XTB, Native Sulphide of Antimony. 

See Antimony, Oxides of. 


ARTXBKOlf Y ■ Sj^icssglanzmctall^ Spicssglassmctallf Anihnoinc^ Antimonium^ 
Mninm, Symbol, Sb. Atomic weight (as determined by the recent expepiment‘< of 
Selmeuler) sr 122.* 

Home of the compounds of antimony were known to the ancients; but the method of 
pr«?paring the metal itself was first described by Basilius Valentinus towanU the end 
of the fifteenth century. 

Antimony is found native, and alloyed with other metals; viz. with arsenic, nickel 
and silver; also in combination with oxygen ; viz. as trioxide, in the form of antivumy 
omrn, white antimony, or VaUniinite, iSb*0» and as tefrnxidc, antimony ochre, or 
Sh*0^; in combination with sulphnr, as sUhnitc or grey antimony ore, 
sulphur and oxygen, as red antUnmy, antimony Mendc, or hrnosits 
^ 0 O .2Sb^*; also as sulphide combined with various other metallic sulphide^ chiefly 
those of leail and silver, c.g. einkenite, Pb^'S . 8b*S" ; miargf/rite, Ag*S.Sb*S*, &c, (See 
^FLPHANTnioNiTBs.) Lastly it occurs in ferruginous water, associate with lusenic, t 
im, lead, and copper. 

the antimony of commerce is obtained from the native tri- 
sulphide, which occurs in many localities among the older rocks, gneiss, clayslatcv 
^rpnyiy, &c. The sulphide is first separated from its gangue by ftjsion (p, 829), then 
converted mto oxide by roasting, and the oxide is subsequently reduced by coal or char- 
; or the sulphide is at once reduce to the metallic state by frsion with a mixture 
w ch^al and alkali, or with metallic iron. The Ibllowing details are taken from 
timclrn 8 Handbook, vol iv. p. 818. 

L Powder^ grey sulphide of antimony, mixed with about half its weight of 
cnareoal powder to ptevent caking, is roasted at a gentle heat (on the small scales on a ‘ 
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roasting dish; on the li^e scale, in a reverheratorj fomace), with constant atirringi 
tae fire being gradually increased^ but not sufficiently to fi^ the mass. The sulphur 
escapes in the form of sulphurous acid, and there remains a miature of tetroxide 
of antimony with a small quantity of trjoxide, amounting to about J of its weight 
(Geiger and Reimann, Mag. Pharm. xvii. 136), and traces of undecomposed sulphide 
of antimony : Antimony^ash, Calx Antimonii grisea per sc, or Cinis Antimonii. This 
residue is then mixed with half its weight of cream of tarter, or with 1 part of char« 
coal and J pt. potash, or with charcoal powder saturated with an aqueous solution of 
carbonate of sodium, and fused in a covered crucible at a low red heat ; the fused mass 
is then poured out into a hot mould partly filled with tallow, and the mould gently 
tapped to make the metal sink to the bottom. The slag at the top consists of a mix- 
ture of alkaline carbonate, double sulphide of antimony and potassium (or sodium) and 
charcoal. The charcoal separates the oxygen from the antimony, and from a portion 
of the alkali ; and the potassium or sodium thus eliminated separates the sulphurfiom 
part of the sulphide of antimony still present, and then, in the fomi of sulphide, unites 
with the remainder. — 2, A mixture of 8 parts of sulphide of antimony, and 6 parts 
of cream of tartar is heated in a crucible, nearly to redness, and from 2 to 3 parts of 
nitre are added till the mass becomes perfectly fused. Or a mixture of 8 pts. of 
sulphide of antimony, 6 pts. of cream of tartar, and 3 pts. of nitre, is projected by 
small portions at a time into a rod-hot crucible placed in a furnace, and the whole 
18 heated for a short time, till perfectly fused. The mass is then poured out as before. 
The lower stratum consists of metellic antimony ; the upper, of double sulphide of 
antimony and potassium mixed with charcoal. The charcoal in the black flux with- 
draws oxygen from the potash ; the potassium thus separated decomposes a portion of 
the sulphide of antimony, setting the metal free ; and the resulting sulphide of 
potassium unites with the still undecomposed sulphide of antimony. Probably accord- 
ing to the following c'quation : 

6 Sb'^S* + eK^O 4- 6C - 3(2K*aSb*S») + 4Sb + 6CO. 

According to this, only f of the antimony contained in the sulphide should be obtained 
in the metallic state, or from 100 parts of the sulphide of antimony, 29*15 parts of 
regulus. This result accords with actual experience, 100 parts of sulrxide of auti- 
xnony being found to yield 27 parts of antimony. According to Liebig, iowever, by 
leanng out the nitre in this process, 100 parts of sulphide of antimony produce 45 
parts of the metel. — 3. An intimate mixture of 8 parts of sulphide of antimony with 
1 pt. of dry carbonate of sodium and I pt. of charcoal, heated in an earthen crucible, 
and constantly stirred with a stick till it fuses quietly, and then poured out into the 
casting mould, yiehls 5'7 parts (71 per cent.) of antimony, which is afterwards purifled 
from iron and copper by fuHi<m with i its weight of nitre (Duf los, Rr, Arch, xxxvi. 
277 ; xxxviii. 158). In this proces.s, rather more than 3 atoms of carbonate of sodium 
and charcoal are used to 1 atom of trisulphide of antimony, so that a sufficient 
quantity of sodium is set free to separate the whole of the sulphur : 

Sb*S» + 3Na«0 + 3C = 2Sb + 3Na*S + SCO. 

The fusion must be continued for a long time, during which the mass is reiy apt to 
boil over, and the antimony to burn nway; the total amount obtained is only 66 per 
cent., and the antimony still contains the whole of the other metals which were 
present in the sulphide (Liebig, Mag. Pharm. xxxv. 120), — 4. A mixture of 177 P*** 
(1 at.) of sulphide of antimony with at most 82 pts. (3 at.) of iron filings or iron 
nails is heated to bright redness in a closely coTered crucible, and then left to cool : 

Sb»S» + 3Fe - 2Bb+ 3FeS, 

The iron separates the whole of the sulphur, even at a gentle heat; but a stronger 
heat is required to fuse the sulphide of iron, and cause the antimony to form a distinct 
stratum beneath it ; at this high temperature, the antimony is apt to bum away if tlie 
crucible be not well covered ; hence a layer of charcoal powder over the mixture is 
useful. — The addition of carbonate of potassium or sodium, or of nitre, accelerates the 
fusion, because double sulphide of iron and potassium or sodium is thereby formed, 
which is more readily fusible than pure sulphide of iron. For example, 22 pts. of 
nitre are added to a strongly ignited mixture of 100 pts. of sulphide of antimony and 
83 pts, of iron, or 6 pts. of nitre to 100 pts. of sulphide of antimony and 47 pts. of 
iron ; — or 100 pts. of sulphide of antimony, 43 pts, of iron, from 10 to 60 pts, of diy 
carbonate of soitium, and 2 to 5 pts. of charcoal are melted together. Berthier, how- 
erej*, found it most advantageous to fuse togetlier 100 pte. of sulphide of antimony, 
55 .—60 pts. of smithy scales, 45 pts. of carbonate of potassium, and 10 pts. of charcoal : 
this mixture yielded 69 pts. of antimony ; the mass, however, was found to froth up 
eonsiderably, Liebig (Mag. Pharm. xxxv. 120) gives the preforenoe to this method ; 
but the regulus which it sepmtes from sulphide of antimony containing lend is 
contaminated with that metal (Ann. Ch. Pharm. xxii. 62). A mixture of 100 pts. of 
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aalx^de of aBtimODy, 42 pfa. of iron,. 10 parta of dry sibilate of ■odini^ and 21 pta. of 
chaiooal, yields between 60 and 64 pta. of antimony (Liebig). —The slag obtained 
in the second process likewise yields a large quantity of antimony by fbsion with 
iron, because the double sulphide of antimony and potassium is thereby conveitedinto 
double sulphide of iron and potassium. 

Antimony obtained by the first, second, and third processes, — the RegulusAntihumU 
a iW^arts, which solidifies in the mould, and has a stellated structure on the 
upper surface, whence it has been called RegtUus Antimonii Bitilatus^ — may contain 
sulpliur, potassium, arsenic, lead, iron, and copper; the antimony prepared by tlie 
fourth method, Rtgulus Antinvonii martialis^ may contain a large quantity of iron, 
especially when the iron has been used in excess. The powdered antimony may be 
freed from iron by fusing it with sulphide of antimony ; fi*om sulphur, by fusion with 
e:irl>onate of potassium; fiom sulphur and potassium, by fusion with nitre; and, ac- 
cortling to Berzelius, firom sulphur, potassium, arsenic, and iron, by fusion with from 
J to 1 pt of antimonious oxide. 

By fusing sulphide of antimony, or the slag obtained in the second process, with 
till, lead, copper, silver, &c., an antimony is obtained, which may contain small quan« 
titles of these metals; antimony thus prepared was formerly culled Rrgulua Antimonii 
jovMs^ saiuminus^ venirius, lunar &c. 

Purijicaiion, — 1, By the following method, commercial antimony and likewise that 
prei>arcd on the small scale, may bo perfectly freed from sulphur, arsenic, iron (when 
not in too large quantity), and copper, but not from lead: hence the antimony Bub« 
jocted to this process, should be free from lead. A mixture of 16 pta. of coarsely 
pimnded antimony with 1 pt. of grey sulphide of antimony and 2 pts. of dry carbonate 
of sotlium, is fused in a hessian crucible for an hour, caro being taken to prevent any 
charcoal from falling into the moss. Wlicn cohl, tlio crucible is broken, and the slag 
f'ttinplcti'ly separated from the metal, which is again coarsely pulverised, fused with 
1 J pt. dry carbonate of sodium for an liour, and, lastly, after cooling and removal of the 
once more fused with 1 pt of carbonate of sodium. In this manner 15 pts. of pur© 
antimony arC obtained (Liebig, Ann. Ch. Bliarm. xix. 22). The sulphide of antimony 
converts the other metals, except the lead, into metallic sulphides, which pass into the 
slag in combination with sulphide of sodium. The remaining arsenic is separated by 
the c:irlK)natc of sodium, in the form of arsenate of sodium. If any churcoal falls into 
tin* crucible, it reduces arsenic from the arsenate of sodium, whereby the antimony is 
agihn rendered impure (Liebig), Hence a black-lead crucible cannot bo used; 
Micli a micible also reduces sodium, which then mixes with the antimony (Anthon, 
Ib-IKTt. lix. 240). If the commercial antimony has been prepared with iron, and is 
c<iiiHi<|u<*ntly richer in iron, a larger quantity of sulphhle of antimony must be added 
in the first fusion, that is to say, in projxnrtion nearly corresponding to the iron (4 pts. of 
suljthidc of antimony and 4 pts. of carbonate of sodium, to 16 parts of the antimony) : 
ill thi.s case, the loss of antimony is greater. As long as iron is present, it is impos- 
sible to remove the arsenic by means of carlxmate of sodium (Liebig, Ann. Ch. 
IMiarm. xxix. 58; Ilandworterb, 2** Aufl. ii. 45; see also Buchner, IteiMJrt, li, 267). 

— 2. Well washed powder of algaroth is reduce<i with alkali and charcoal. By this 
means, all impurities from the heavy metals are got rid of. Artus (J. pr. Chinn viii, 
127) digests 1 pt. of finely powdered ^ey sulphide of antimony or glass of antimony, 
with 2 pts. of common salt, 3 pts. of oil of vitriol and 2 pts. of water for eight hours, 
then Iwiils for one hour, and afterwards mixes the liquid with water till a permanent 
pr^.'cipitate begins to appear; then filters; precipitates the powder of algaroth by 
ndiling more wator; washes it thoroughly, and fuses 100 parfs of the dry compound 
with 80 parts of diy carbonate of sodium and 20 pts. of charcoal -powder for fifteen or 
twenty minutes : 61 pts. of pure antimony are thus obtained. — 3. A veiy pure metal 
roay be obtained by heating tartrate of antimony and potassium (tartar*emetic) to 
bright redness, and digesting the resulting metallic mass in water, to remove any * 
potassium that may have been reduced at the same time. (Capitaine, J. Pharm.zxv. 
616; silao J. pr. Cnem. xviii. 449.) 

Purijicationfrom Arsenic on/y.— The extensive use of antimonial preparations in 
medicine, renders the removal of *.his impurity a point of particular importance. — 

I. Four pts. of powdered commercial antimony are mixed with five pts. of nitre and 
2 pts. of dry carbonate of sodium (without the latter, insoluble arsenate of antimony 
would W formed), and the mixture is projected into a red-hot crucible. The mass, 
^maining after the combustion (which taxes place quietly) is then pressed together, 
heated for hijf an bonr to a higher temperature, so that it may become pasty but not 
fused, and pressed down as often as it swells np from evolution of gas. After this, it 
u taken out of the cmeible with the spatulsi, wnQe still hot and soft, then reduced to 
tnd boiled for some time in wat«r, with frequent sttrnng. The water, 
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gether with the finer powder, is then poured off; the coanier powder ci^ed with « 
poHtle, and boiled with a fresh quantity of water; the two liquids with their deposits are 
mixed ; and the insoluble portion is freed by irpeated subsidence and decantation, and, 
lastly, by washing on a filter, from the alkaline solution which contains the alkaline 
arsenate and but a very small quantity of antimonato. The washed acid anti- 
monato of potassium is white ; but if it contains lead, which cannot be removed by 
nitric acid, it has a yellow colour. It is then fused with half its weight of cream of 
tartar at a moderatercd heat, and the resulting metallic antimony containing potassium 
is pulverised and thro^vn into water, which removes the potassium and liberates pure 
hydrogen gas (Wohler, Pogg. Ann. xxvii. G‘28; also Ann. Ch. Pharm. v. 20.) Ac- 
cording to C. Meyer (Ann. Ch. Pharm. Ixvi. 236; Centr. Blatt. 1348, 828) the use of 
nitre is objectionable, because it gives rise to the formation of antimonato of potas- 
sium, which destroys the exactness of tfie process. Me 3 'er recommends a mixture of 
nitrate and carbonate of sodium, whereby a mass is obtained which does not yield a 
trace of antimony to water. Tliis method is so exact that it may be used to separate 
antimony from arsenic in quantitative analysis; moreover, the antimony thus ob- 
tained is not contaminated with potassium or sodium. — 2. One part of pulverised 
antimony, prepared by the second method (p. 312), is rapidly fused with half its weight 
of carbonate of potassium, and the mass is poured out; the metal obtained is then 
crushed, fused with one-fourth its weight of nitre, again poured out, the metal again 
crushed, and fused with one-third its weight of hj’dratcd antimonic acid ; and lastly^, 
tlie antimony, after being repulverised, is fused with one-third its weight of car- 
bonate of potassium, and poured into the mould. This method completely removes 
the arsenic (Th. Marti us, Kastn. Arch. xxiv. 253). — 3. If 32 pts. of antimony, 
rich in arsenic, are fused with 4 pts. of nitre, the slag contains a largo quantity of 
arsemite of potassium ; and the resulting 30 pts. of metal fused with 3 pts. of nitre, still 
yields a small quantity of arsemato of potassium and 27 pts. of metal; this, if again 
fused with 2 pts. of nitre, yields a slag containinir scarcely an^’thing but antimonate of 
potassium, and metallic ai^t imony perfectl}' free from arsenic. If carbonate of potassium 
be used instead of nitre, the separation of the arsenic is much more dil^&cult (J, A. 
Buchner, Ik^pert. xliv. 21G). — 4* One part of antimony prepared by the third 
method, is heated with 1.^ pt. of oil of vitriol in a porcelain basin, stirring constantly 
as long as sulphunius acid gas continues to be evolved, and water is carefully added 
by small portions at a time, till a greyish -white intumescent mass is formed. This is 
then mixed in a vessel made of antimony, with from 0*2 to 0 4 pt. finely powdered 
fluor-spar, and 0*4 to 0-8 pt. oil of vitriol (according to the qm-intity of arsenic present). 
The whole is then heated, with constant stirring, as long as hydrofluoric acid and 
fluoride of arsenic are given off; the residue is afterwards gradually mixed with water, 
Htid washed by decantation till the wash-water ceases to exhibit an acid reaction ; and 
the remaining basic sulphate of antimony is reduced by fusion with half its weight of 
cream of tart^ir, in a covered crucible. If a leaden vessel were used, antimony and 
arsenic would be reduced tng<>ther, and con.sequently the antimony obtained would not 
l>e free from arsenic. (Duflos, Kastn. Arch. xix. 66; also, Schw. lx. 363; further, 
8chw. Ixii. 601 ; SCO also Buchner and llerberger, Kepert. xxxviii. 381, xliv. 
246.) 

for Impurities in Antimony, — 1. Sulphur, The powdered metal, when 
heated with strong hydrochloric acid, gives off nydrosulphunc acid. — 2. Potassium 
or Sodium, The antimony appears more grey than white, and loses its lustre on 
exposure to the air. Its powder has an alkaline taste, reddens moist tumeric paper, 
and evolves hydrogen gas when put under water, giving up alkali to the liquid. — 
3. Arsenic, The metal, when fused in the air, emits a garlic odour. If its powder be 
detonated with about j' pt. of nitre, and the resulting mass treated with water, a 
filtrate is obtained, which contains arsenate and antimonate of potassium, so that 
when supersaturated with hydrochloric acid, and rapidly saturated with hydrosul- 
phuric acid gas, it first gives a yellowish red precipitate of pentasulphide of antimony, 
and then, if rapidly filterinl and preserved in a close vessel, gradually deposits a yellow 
precipitate of pentasulphide of arsenia The antimony ignited with an equal weight 
of cream of tartar in a covered crucible, yields an alloy of potassium, arsenic, and 
antimony, whicli, if reduced to powder under water, evolves arsenietted hydrogen, 
recognisable by its depositing brown metallic arsenic on ignition (see Absenic).^ — 4. Lead, 
The powdered metal boil^ with nitric acid nearly to diyness, and then treaty with 
water, yields a filtrate which contains nitrate of le^ ana is con8e<|uently precipitat^ 
by sulphuric acid. When the quantity of lead is large, a solution of antimony in 
aqua-regia deposits cirstalline ne^les of chloride of lead on cooling. — If the mitimony 
contains sulphur besides the lead, the lead remains undissolved in the form of sulphate^ 
on treating the metal with nitric acid. If the antimonious oxide in the residue is then 
dissolved out by warm hydrosulphate of ammonia, block sulphide of lead remaiitfi 
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beltind, and if iron ifl present^ black aiilplnde of iron aho. — 5. Iron, The finely 
divided metal ignited with three times its weight of nitre, and washed with boiling 
water, leaves a yellowiah residue, from which boiling dilute hydrochloric acid sepa- 
nites ferric oxide, which may be detected by ferrocyanide of potassium, &c. — 
C. Copper^ When the lead has been precipitated the nitric acitl solution by 

sulphuric acid, according to the method above given, the cupric oxide remains 
dissolved, and may be recognised by its behaviour with hydrosulphuric acid, ferro- 
eyjmide of pot^issium, ammonia, or polished iron. A solution of antimony in aqua- 
mda should give a yellowish-red precipitate with sulphide of ammonium, perfectly 
HoTuble in excess of the precipitant. If a black residue is left, it must consist of 
sulphide of lead, iron, or copper. (H. Kose.) 

Pritprrties. — Antimony is a brilliant metal, having a bluish-white colour, and 
highly lainellated structure. By melting it in a crucible, then leaving it to cool pai*- 
tiallv, and }x»uring out the still liquid portion, it may be obtjiined in rhomboliedral 
cr\>tal». Its tendency to crystallise is well shown in the cakes of metal whicli ai'O 
met with in commerce, the surface of which often exhibits beautiful stelhito or fern- 
liko inai-kings. Its density is from 6*702 to 6*86. It is very brittle, and easily pul- 
vt risfd in a mortar. It melts at 450*^ C. (842^ Bah.), and may be distilled at a wliite 
In at in an atmosphere of hy<lrogeii, but the distillation is very slow, in ooneeqiience of 
tin* small density of the vapour. Metallic antimony occurs native in small quantity, 
sometimes in rhombohedral crystals, at Andreasberg in the Harz, at Przibram m 
llolicmia, at Sala in Sweden, and at Allemont in France. 

Amorphouju Antimonp. — Antimony is deposited from its solutions by electrolysis in 
two different states. When thus precipitated, with a positive electrode of antimony, 
fi'orn a solution of 6 pts. of tartar emetic and 6 pts. of tartaric acid dissolved in a 
mixture of 2 pts. hydrocliloric acid and 30 pts. water, it has a silverj-'-grey colour and 
tVost< d surface, is hard in texture, has a radiating crystalline structure, and a density 
of 6 do. Ihit from a solution of 1 pt. of tartar emetic in 4 pts. of the ordinary chloriilo 
of antimony (containing excess of hydrochloric acid?) it is deposited with tlio colour 
and appearnnee of polished steel, and a bright, metallic, amorphous fracture. Its 
hpreilic gravity is then only 6*78. This amorplioiia antimony, when heated or struck, 
undergoes a rapid and intense molecular change throughout its muss, uttmided with 
great evolution of heat (from 60° to upw*:irds of 460° F.), increasing at th<^ sarno time 
in density, and approacliing in colour and structure to the crystalline variety. At tho 
same time, a quantity of chloride of antimony and of gas, condensed within its pores 
and retained with coiisideraV»le force, is given off. No such change takes place in 
tlie grey erystalline metal. By carefully triturating thin pieces of tho amorphous 
irietal under water, it may bo obtained in the state of a fine powder, exhibiting tho 
m(»U*eu!;tr pfvq>erty above mentioned. This change of antimony from the amoiqdious to 
tin* erystalliiie state appears to be similar to that which has been observed in sulphur, 
selenium, and other substanecs. (G. Gore, Proc. Hoy. 8oe. ix. 70.) 

In a subsequent paper (Proc. Boy. Soc. ix. 304), Mr. Gore states that the evolu- 
tion of heat accompanying tho clutiige “is not limited to a particular temperature, 
but (‘(nnrncuces betw'ecn 170° and 190° F., and inereuscs in ra|)idit.y to some point 
above 212° F., when it becomes suddr-n. The heat may bo discharged either sud- 
denly or gradually, according to the amount to be disjrliargifd relative to the cooling - 
infhn iiees itresent. The specific heat of the unchanged (amorphous) metal was found 
to be 0 06312; and of the same specimens, after t>eing gradually discharged, tho 
specific heat was not sensibly different. But the specific heat of tho substance, after 
su4id«*n discharge, was found to l>e 0*0643, Tlie total amount of heat evolved by the 
subfstanee during the change was sufficient to raise the temperature of its own weight 
of onlinary antimony (specific heat ■» 0*0508) about 660 F.” An acid solution of 
fluoride of antimony yielded by electro-deposition, crystalline antimony not posaeaaing 
the heating powers. 

•Antimony is not sensibly altered by exposure to the air at common temperatures, 
but oxidises quickly when melted. At a red heat, it takes fire, burning with a white 
flame, and prancing white fhmes of the trioxide. A lump of the pure metal heated 
on charcoal before the blowpipe, bums brilliantly, emitting copious white inodorous 
vapoi^B, /md if left to cool before it is completely burnt away, becomes covered with 
a white network of the crystallised oxide. If, on the contraiy, the antimony is con- 
taminated with arsenic and iron, it exhales a garlic odour, especially at the com- 
mencement; becomes covered with a slag of oxide of iron; has a dull suifaice; 
ceases to bum as soon as the blowpipe flame is withdrawn ; and yields a yeJloir oxide. 
(Liebig.) 

Antimony is stxongly attadeed and oxidised by nitric acid^ but not dissolTed. The 
degree of oxidataon varies with the strength of the acid. If the ucid be aaoderately 
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dilute, the product consists of trioxide of antimony, mixed with a small quantity of 
pentoxide; with strong nitric acid, on the contraiy, the product consists chiedy or 
wholly of pentoxide (H. Rose, Analyt. Chem. 1 258). The met^ u not acted 
upon by dilute atUphuric €taid^ but when heated with the strong acid, it is converted 
into sulphate, with evolution of sulphurous anhydride. In the state of fine powder, it is 
dissolved by boiling hydrochloric acidt with evolution of hydrogen, but in the compact 
state, it resists the action of that acid, even at the boiling heat. 

Antimony forms, with acid or chlorous radicles, two classes of compounds, viz. 

1. Antimonious compounds or iri-compounds of aniiitumy^ containing 1 atom of the 
metal with 3 atoms of a monobasic acid-radicle, Cl, Br, &c. or 2 atoms of metal with 
8 atoms of a dibasic acid radicle, O, S, dec., e. : 

Trichloride of antimony SbCl* 

Trioxide or antimonious oxide .... Sb*0* 

Trisulphide Sb®S* 

2. Antirmnic compounds or penta-compounda of antimony^ in which 1 or 2 atoms of 
metal are associated with 5 atoms of an acid-radicle, e. g » : 

Pentachloride of antimony SbCl* 

Pentoxide or antimonic oxide .... Sb^O* 

Pentasulphide Sb*S* 

In the antimonious compounds, Sb = H" ; in the antimonic compounds, Sb H*. 

There are likewise a few compounds of antimony not included in either of these 
series ; e. g. the tetroxide, SbO*, which may, however, be regarded as a compound of the 
two oxides above mentioned, viz. antimonoso-antimonic oxide, Sb*0*.Sb*0* ■■ 4SbO*. 

iklTTZlIKOWt AXi&O'TS OF* Antimoiw unites with most of the heavy metals, 
rendering them harder and more brittle. Most of the alloys are easily formed by 
fbsiiig the two metals together ; some occur native. The alkali-metals likewise form 
alloys with antimony. 

For the compounds of arsenic and antimony see Absbnic. 

Anthnonide of Copper. — Prepared by fusing the two metals together in equal quan- 
tities is pale violet, very brittle, and of laminar texture. According to Karsten, 
copper alloyed with 0*16 per cent, of antimony, becomes somewhat cold-short and 
very hot-short. 

Antimonide of Gold. — The two metals unite very easily, melted gold even absorb- 
ing vapour of antimony. An alloy of 9 pts. gold to 1 pt. antimony is very brittle, 
white, and exhibits the fracture of porcelain. Gold loses its malleability by admixture 
with about of antimony. The antimony is easily expelled from the alloy by 
heat. 

Antimonide of Iron. — A mixture of 7 pts. of antimony, and 3 pts. of iron heated to 
whiteness in a crucible lined with charcoal, forms a white, very hard, slightly magnetic 
alloy, which gives sparks when filed. An alloy of antimony and iron is always formed 
when sulphide of antimony is reduced by iron in excess {regtdua antimonii martialia). 
A verv smaU quantity of antimony (0*23 per cent.) makes refined iron both hot- and 
cold-short, 

Antimonide of lA'ad. — The two metals unite readily in all proportions. Lead is 
hardened by admixture, with antimony. An alloy of equal parts of the two is brittle 
and ringing; 12 pts. lead and 1 pt. antimony form a malleable alloy, somewhat 
harder uian lead. Type-metal is an alloy of antimony and lead, nsually containing 
17 to 20 per cent, ot antimony. Sometimes other metals are addeA c. g* 1 pt. bismuth 
to 1C pts. lead and 2 pts. tin, or, for stereotype plates, ^ to ^ of tin. The specific 
gravity of alloys of le&^ and antimony is always above the mean. 

Antimonide of Nicktl^ NiSb*,oocurs as a metallurgic product obtained by sublimation 
in long hexagonal prisms. Another alloy, Ni**‘Sb, occurs as a natural mineral called 
antimonial nickel or Breithauptite^ in thin hexagonal plates of specific gravity 7*641, 
hardness 5*6 ; fracture uneven ; the recent fi'acture exhibits a light copper colour with 
a tinge of violet ; powder red-brown. Not magnetic. Ignited in a glass tnb^ it yields 
a small sublimate of antimony. On charcoal it forms an antimonUd deposit^ and can- 
not be fused excepting in sm^ pieces. It is but little attacked by simple acids, but 
dissolves easily in aqua-regia. Analysis by Stromey er (Pogg. Ann. xxxi. 154): 

. Ni . . Fe . . PbS 

, 28*05 . 0-87. 6*44 09*00 

. 27 05 , 0*84. . 12*38 • 00*08 


Sb . 
63-78 . 
50*71 . 
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It formerly found in the Andreasberg mountain^ with calc-spar, galena, and 
smiiltine; but the vein has long been exhausted. A similar alloy may bi obtained 
artilicially by melting 2 at. Ni with 1 at, Sb. (Dana, ii. 63.) 

Antinwnidc of Tin, — The alloy is easily formed by fUsing the two metals toother, 
also by reducing sulphide of antimony with tin (rtffultts antimonii jovialia), Britannia 
motiil is an alloy of 9 pts. tin and 1 pt. antimony, frequently also containing small 
quantities of other metals, as copper, zin^ and bismnth. Alloys of antimony with 
nn,or tin and lead, sometimes also containing copper, are now much used for machinery 
U'arings in place of gun-metaL (See Urt^s Dictionary of Arts, Afant{/hcfures, and 
Mints, I 169.) 

Autimonide of Zinc. — Antimony forms with zinc, alloys of definite dystalline 
character. A fused mixture of the two metals, containing 43 to 70 per cent, of 
cine, deposits by partial cooling, silver-white rhombic prisms, containing from 43 to 
64 per cent, of zinc. The alloy containing exactly 43 per cent, of zinc, appears to be 
a ilefinite com{>ound, stibiotriiincyi, Sb^Zii*. Mixtures containing from 33 to 20 per 
ci iiL of zinc deposit rhombic crystals containing firom 36 to 21 ^r cent of zinc. The 
ani)y containing exactly 33 per cent is stibiodisincyl, Sb^n*. These alloys, especially 
Sb^Zu*, decompose water, with evolution of hydrogen at the boiling heat, and very 
rstpioiy under the infiucnce of acids. (J. F. Uooke^ Sill Am. J. [2j xviii. 220; xx. 
2 * 22 .) 

Antimonide of Potassium, — Alloys of antimony and potassium may be obtained by 
fusing tiie two metals together, or by igniting metallic antimony, or its oxide or 
sulpliule, with ail organic salt of potassium. Thus, when 6 pts. of cinide tartar and 
4 prs. of antimony are slowly hcate<l in a covered crucible till the mixture becomes 
elnrrcd, then heated to w'hitiuiess for an hour, and left to cool, a crystalline regulus is 
i)titained containing 12 per cent, of potassium. This alloy decomposes water rajndly, 
iiiul nxidises slowly in the air when in the compact state, but becomes heated and takes 
tire when rubbed to powder. (Lbwig and Schweizer.) 

Afitifuonidt of Si/vir, — Ag^8b and Ag*Sb occurs native as aniimonied silver or 
f/is' rast it , in the form of six-aided prisms with truncated lateral edges ; also ig scaleno- 
hednins, ainiihir to those of calc-spar. Specific gravity 0*4 to 9*8 ; hardness 3*6 to 4 ; 
hilvf r-wlrite ; fracture uneven. Before the blowpipe, it gives off fumes of antimony, 
iiiiil leaves a grey, non-nialleable, metallic globule; by continuing the heat on charcoal, 
silver is obtainecL It dissolves in nitric acid, living oxide of antimony. Analysis by 
Klaproth: 


Antimony 

Silver 


Ag«Sb 

Ag«Sb 

o. 

6. 

e. 

24 

24 

16 

76 

76 

84 

100 

100 

100 


a is a coarse-grained variety from Wolfach, in Baden; b 1 amino-granular, from 
Andrrasberg, in the Ilartz; c fine-grained, from Wolfach. The mineral occurs also 
nt Wittichen, in Suabia ; at AUemont, in Dauphin^ ; at Casalla, in Spain ; and near 
CoquimlK), South America. (Gm. vi. 199; Dana, ii. 36.) 

Antimonide of Sodium resembles antimonide of potassium, and is prepared in like 
manner. 

AM TXMIOWT BXiOOBK. Native trioxido of antimony. 

AHTXadtOmr* a&OBSXDB OF. SbBr*. — This is the only known compound of 
antimony and bromine, and is formed by direct combination. Antimony takes fire in 
bromine vapour, or in contact with liquid bromine, running about on the surface in 
melted globules. To prepare the compound, bromine is put into, a retort, and dry 
antimony powder is introduced through the tubulus, agitating each time till the 
combination is complete. The product is then purified by distillation. It forms on 
*^liDg a mass of colourless needles, deliquescent, melting at 90^C., volatile at 270^. 
Water decomposes it, forming an oxibromide, 

AJTTlM’OVT, CMILOmiPaS OF* Antimony and chlorine unite directly when 
brought in contact, and if the antimony is in a state of fine division, the combination 
is attended with visible combustion. The compound formed is a trichloride or a 
pentachloride, according as the antimony or the emorine is in excess, 

TnicBLORiDB or Amtiscoitt, SbCl*, is obtained: — I. By passing cliiorinegsa 
slowly through a tube, containing excess of antimony, or over heated trisulphide of 
antiaumy, the chloride eff solpbur formed at the same time being afterwards Tolatiliitd 
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by a gentle lieat. 2. By distilling 3 pts. of antimony with 8 pta. of mercurtedibtidci, 
or 2 pts. of the trisiilpliide of antimony with 4 6 pts. of mercuric chloride: 

2Sb + 3Hg"Cl* = 2SbCl» + 3Hg ; and Sb*S* + SHg^Cl* = 2SbOl» + 

3. By heating the trisulpliide with strong hydrochloric acid, or metallic antimony with 
hydrochloric acid to which nitric acid is added in successive small portions : if too 
much nitric acid were added, a precipitate of oxide of antimony or antimonic acid 
would be formed. A solution of the trichloride in excess of hydrochloric acid is thus 
formed, and on subsequently distilling this liquid, water and hydrochloric acid pass 
over first, and aftcrwanls the pure trichloride. 

Trichloride of antimony is at ordinary temperatures a translucent fatty mass-— 
thciico called butter of antimony. It melts at 72° C., and boiJs at about 200° : fumes 
slightly in the air, and is very corrosive. When thrown into water, it is decomposed 
into hydrochloric acid and trioxide of antiTiioiiy, which however remains united with 
a portion of the eliloridc, forming a white powder called -powder of algaroih. The 
same decomposition takes place on adding water to the solution of the trichloride in 
strong liydrochloric acid. The precipitate is rcdissolved by excess of hydrochloric 
acid, and the solution, which contains hydrated trichloride of antimony, is the most 
convenient that cun be used for exhibiting the reactions of antimony. The addition 
of tartaric acid to this solution, prevents its decomposition by water. 

The anhydrous trichloride combines with ammonia, forming the compound NH*.S1>C1*, 
and forms crystalline compounds with the chloride.^ of the alkali -metals. 

Pentaciiloriuf. of Antimony, SbCP, is formed, with brilliant combustion, 
when finely powdered antimony is thrown into chlorine gas. It may be prepared by 
passing dry cljlorinc over pulverised antimony, gently heated in a tubulated retort 
provided with a receiver, or over the trichloride. Hohnanii (Chem. iSoc. Qii. J. xiii. 
65) introduces metallic antimony coarsely powdered into a combiistion-tuhe five or 
six fc(',t long, rising at an angle of 10° or 16°, one end being fitted into a tubulature 
of a two-npckcd glass globe, the other neck of which is connected with a tube supply- 
ing dry chlorine. Conihination takes place in the tube, and the products flow baclt- 
W'ards into the globe, whilst the long layer of antimony prevents the escape of any 
chlorine. — Pcntuchloride of antimony is a colourless or yellowish, very volatile liquid, 
which emits suffocating vapoui's. Water flrst converts it into a crystalline hydrate 
and then decomposes it, forming hydrochloric and antimonic acids. It ab.sorbs aoi- 
fiionia and phmphoriitrd ht/drogen^ forming solid red-brown compounds. It absorbs 
olefiant gaa^ as readily as chlorine, and forms Dutch liquid. By parsing diy 

olefiant gas and dry chlorine simultaneously through boiling pentachJoride of anti- 
luony, in u retort connected with an inverted condenser, large quantities of Dutch 
Jitjuid may be easily obtained. Tho peiitachloride here acta as a carrier of free 
chlorine, a purpo.se for which it may often be advantageously used (Hofmann, 
lov. cit,) It likewise absorbs hgdrosolpknric acid gas, at ordinary temperatures, forming 
a white crystalline clilorosiilphide of antimony, SbCPS, analogrnis to clilprosulphidc of 
phoKj>horu.s, PC1*S.— Witli hisvlphide <f carbon^ the latter being in excess, it yields 
tetrachloride of carbon, trichloride of antimony, and free sulphur : 

esa + 2SbCl* = Ca^ + 2Sba» 4 S». 

Tho mixture becomes very hot, and on cooling deposits crystals of trichloride of anti- 
mony, mixed with sulphur-crystals, the tetra chloride of carbon remaining in the 
liquid state (Hofmann, loc. cit.). The pentachloride eombines with hgdrooganw add, 
forming a white, crystalline, volatile coinpoiind, rontairiiug SbCP.SHt’v; also with 
chloride of eganogtru — A w’hite pulverulent substance containing 2SbCP.3SCl* is ob- 
tained bv heating pentasulphidc of antimony in <h*y eliloi’inc pas; it is decomposed at 
800° C. into chloride of sulphur, trichloride of antimon}’, and fre ’ chlorine. 

AirxxMOsnr, BBTScTxoar nnm BBTxiisA.Txoxr ori 

1. lilo wp ipe lie act ion s, — Solid compounds of antimony fused upon charcoal, with 
dry carbonate of sodium or cyanide of potassium, yield a brittle globule of antimony, 
a thick white fume being at the same time given off, and the charcoal covered to some 
distance around with a wdiite dciiosit of oxide. If the heat be continued for some 
time, the globule will l>e completely* dis.sipated. The reduction with cyanide of potas- 
sium may be performed in a porcelain crucible without charcoal. 

The antimony globule is wjuvorted by nitric acid into a white oxide, soluble in a 
boiling solution of cream of tartar. It is insoluble in pure hydrochloric acid, but dis- 
solves easily on addition of a small quantity of nitric acid, forming a solution of the 
trichloride, which is decom|K>6ed by w-ator, forming a white precipitate, soluble in 
excess of hydrochloric or tartaric acid. If tartaric acid be previously added, water 
produces no pr^ipitate. 
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2 Liquid ffeaet^ns.—TUe acid solution of the trichloride gives with kjfdtotui* 
nhuric ^ a brick-red precipitate of the trisulphide, easily soluble in snlphide of 
antnwnium, and reprecipitafod by acids.--With potash, it forms a white precipitate of 
the trioxide, soluble in a large excess of the reagent.— riwinowta forms the same pre- 
cipitate, insoluble in excess. Carbonate of potassium ot sodium also gives a white 
precipitate of the trioxide, which dissolves in excess, especially of tlio potassium-salt, 
l.ut reappears after a while. If, however, the stdution contains tartaric a<dd, the pre- 
cipitate formed by potash dissolves easily in excess of the alkali, — ammonia forms but 
a slijilit precipitate, and only after long st-ivnding, — and the precipitates formed by the 
alkaline carbonates are insoluble in cxceas of those resgents. Thea^ last mentioned 
chanict^^rs are also exhibited by a solution of tartar-emetic (tartrate of antimony and 
txihissium). The solution of this salt is dc*?ompo8ed by the stronger acids, yielding a 
wJiitc precipitate, consisting of acid tartnitc of potassium, miicd with the oxide or a 
basic salt of antiinony. Witli solutions of barium, strontium, calcium, lead, and silver, 
it Ibnus white precipitates, consisting of tartar-emetic, the potassium of which is re- 
])l!iccd by the other metal, 

A solution of trich/oride of gold, added to a solution of trichloride of antimony, or 
otluT antimonioiis salt, forms a yellow precipitate of metallic gold, antimoiiic acid being 
at tin; same time precipitsited in tho form of a white pow'der, unless the solution 
contains a larger excess of hyilrochloric acid : 

4AiiCl» + 3Sb‘^0» + 611^0 « 4Au + 12C1H + 3Sb«0». 

Tlie reduction is slow at ordinary temperatures, but is accelerated by heating. In a 
Million of Ui».^ trioxide (aiifiinonious acid), in potash, trichloride of gold prcKlucoH a 
biaok jjn oipitate, whioli ulibrds a very delicate reaction for uiititnoniouH uciil. AVYm/s 
uf fidrtr produces in a Sf»lution of tricldoride of antimony, a white pw^cipitiifc, from 
w: i. h uinmonia dissolves out chloride of silver, leaving oxide of antimony nndis- 
snlvcd. In a solut ion of antimonious acid in potash, nitrate of silver produces a deep 
black precipitate, insoluble in ammonia. In a solution of tartar-emetic, nitrate of 
silver forms a wbit«' preeijn'tate, perfectly soluble in aiimionia: but if the solution bo 
|.rvvion.sly mix<-d with c.x'-vss of potash, nitrate of silver produces a black precipitate 
iii>.>luble in ammonia. 

/dnt: and iron precijiitato antimony from its solutions, in the form of a black powder. 
— (.'"/tju r pn ripitates it in the form ot a brilliant metallic lilm, which may be dissolved 
otT by a wtlution of pemmiigaiiatc of potasHiuiri, yiehling a solution which will give tlie 
( iiarai'teristic red pVecipitaUj with liydrosulphiiric iiuid. (Odliug, Quy’s Hospital 
Ib'l'orls [3] ii. 249.) 

An t i oionic Acid is di.‘<lingnished from antimonious acid by tho different colour of 
the precipitate whieli it forms with hffdrosidphiiric acid fp. 328); but better by its 
boliavionr with eliloritle fif gold ami nitrate of silver. IVic/iforidc of gold produces no 
precipitate in solutions of antimoiiic ueid, not even when they contain excess of potash. 
iiiifoU of silver, added to a 8oluti«»n of antiirionate of potassium, foniis a white preci- 
pitate- of antimonatc of silver, perfectly sfdiiblo in ammonia: if the solution contains 
< xrt'Hs of )K)tusli, the precipitate is brown fnmi admixed oxide of silver, but even tlieii 
it is completely soluble in ammonia. The siiglit4»st trace of antimonious acid present 
pr*>duces a black pret-ipitato, insoluble in ammoiiiii. If a sniall quantity of an oxide 
cl antiinony in the solid state benihU'd up with water to a milky liquid in a porcelain 
cajjsule, then dried, and nuiistened with amnumio-jiitrute of silver, a black spot will 
be produced, if trioxide antimony is present, cither in the free state or combined with 
antimoiiic acid: but if only autimonic acid is present, no blackening will take j»lace. 
This is a very delicate reaction (Bunsen, Ann. Ch. Bhanw. cvi. 1). — Autimonic acid 
may also be distinguished from llie trioxide by its behaviour with hgdriodic tuAd, 
The pwe trioxidc dissolves in hydrochloric acid to which iodide of potassium is added, 
piWucing a pale yellow liquid, containing tri-iodide of antiinony, without separation 
of iodine ; but antimoiiic acid or antimonatc of antimony, forms under the same cir" 
cumstances a solution coloured dark brown by free iodine : 

8b»0* + 6HI « 2SbI» + 311*0 
•and SbO* + lOHI - 2SbI* + fiH*0 + 41. 

If the quantity of antimonic acid is considerable, the liauid gives off violet vapours <m 
filing ; but even if it does not exceed a few hundreatbs of a milligramme, the free 
iwine in the solution may be detected by shaking it up with a few drops of bisulphide 
of ^rbon, which then exhibits a violet or amethyst colour when it rises to the surfiice. 

H IS of eouiw essential that the hydrochloric acid do not contain free chlorine, and 
tliat the iodide of potassium be free from iodate. (Bunsen.) 
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When the presence of antimony is suspected in liquids containing conmderablo 
qu-intitips of organic matter, as in cases of supposed poisoning by tartar-emetic or 

other antimonial preparations, it is best to destroy the organic matter by oxidation 

with hypochlorous acid. If the matter to be exammed is solid, it should be cut into 
small pieces ; if a large quantity of liquid is present, it must be brought by evaporation 
to a convenient bulk. It is then mixed with strong hydrochloric acid, a gentle heat 
applied, and chlorate of potassium added by small portions, till the liquid acquires a 
light yellow colour. It is then heated till the odour of chlorine is no longer percep- 
tible, and afterwards left to cool and filtered. From the clear liquid thus obtained, 
the antimony may be precipitated by hydrosulphuric acid, or by metallic copper, and 
the precipitates treated in the manner already described ; or the liquid may be intro- 
duced into a Marsh’s apparatus (see Arsenic), with zinc and dilute sulphuric acid, 
and the antimony reduced, either in the eseape-tubo hy the heat of a lamp, or on a 
porcelain plate held in the flame. The metallic dejiosit thus obtained may be dissolved 
in aqua-regia, and the solution treated with hydro.sulphuric acid, which will pro- 
duce the characteristic brick-red precipitate. Another method of testing the deposit 
is to moisten it with nitric acid, of specific gravity 1*42, then heat the vessel over a 
lamp, and blow over the surface so as to cause tlie acid to evaporate without boiling, 
TJie white deposit then remaining consists chiefly or wholly of trioxide of antimony, 
which will produce a deep black spot with ammonio-nitrate of silver. A deposit of 
metallic arsenic, treated in the same way, gives with ammonio-nitrate of silver, either 
a yellow precipitate of arsenite, or a red-brown precipitate of arsenate of silver, accord- 
ing to tho degree of oxidation produced by the nitric acid. (Bunsen.) 

3. Quantitative Kstiniatio n. — 1 . Antimony may be accurately estimated in the 
form of U'troxide or antimonate of antimony, ISbO’^, that oxide being neither volatilo 
nor docomposiblc at a red heat. The antimony being preeii)it;itod from solution by 
hydrosulphuric acid, the precipitate is wa.shed and dried, then placed, together with 
the filter, in a porcelain basin coverwl with a funnel, and fuming nitric acid poured 
upon it. A violent action tlxMi takes phme, the antimony and the greater part of the 
sulphur being immediately oxidised : the oxidation of tho sulphur may bo com- 
pleted by heating tho vc.sael orer a water-bath. The resulting white mass, consisting 
of antimonic acid mixed with sulphuric acid, is converted by ignition into ^ure anti- 
monato of antimony, containing 79 *22 per cent, of tlio metal. The oxidation of the 
sulphide of antimony cannot he conveniently effected by nitric acid of ordinary strength 
(specific gravity 1*42 ), because that liquid boils at a temperature 10° C. above the melting 
point of sulphur, and consequently the sulphur separated at the commencement of the 
action collects in melted globules, which are extremely lUffieult to oxidise, and if left 
in the mass during the subsequent ignition, would reconvert a portion of the oxide of 
antimony into sulphide. Fuming nitric acid, on tho contrary, boils below the melting 
point of sulphur, and the sulphur separated by its action takes the form of a fin© 
powder, which is easily oxicli.sed at a gentle heat. If the sulphide of antimony is 
mixed with a large quantity of free sulphur (which is often the ca.ve when it has been 
dissolved in an alkaline sulphide and reprecipitated by an acid), it is best to remove 
the free sulphur by washing the precipitate with bisulphide of carbon. 

Tho oxidation of tho sulphide of antimony may also be effected by igniting it with 
mercuric oxide (prepared by precipitating a hot solution of mercuric chloride with 
excess of caustic potash). When these substances are heated together in equivalent 
pTOportions, a violent explosion takes place ; but if the sulpliide of antimony be mixed 
with between thirty and fifty times its weight of mercuric oxide, the oxidation takes 
place quietly. Tho mixture is heated in a porcelain crucible, gently, so long ai^ mer- 
curial vapours go off, aflcrwitr<ls more strongly, and at last very strongly, to expel the 
last traces of mercury. Antimonate of antimony then remains in the form of a soft 
white powder. As mercuric oxide, even when prepared with the greatest care, always 
leaves a small residue when ignited, the amount of this residue must be determined 
once for all, and the proportionate amount deducted from the weight of the antimollate 
of antimony. As, however, this residue never exceeds a few thousandths of tlie whole, 
it is not necessary to weigh the oxide of mexx^ury with great exactness. In this pro- 
cess, it is necessary, if the sulphide of antimony contains a large excess of free sulpnur, 
to remove that substance by washing with bisulphide of carbon, before proceeding to the 
ignition; because free sulphur, even when ignited with a large excess of mercuric 
oxide, produces explosions which might occasion loss. Tho meUiod just described has 
been lately introduced by Bu n a e n (Ann. Ch. Pharm. cvi. 3). It is quite exact, proyided 
due attention be paid to the precautions above indicated. 

2. The precipitated sulphide of antimony is collected on a weighed filter, dried in 
an oil-bath, at about 120°C., and then weighed. A known portion of it is then either 
decomposed by ignition in an atmosphere of hydrogen, whereby the sulphur is expelled 
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(it tbe form of hydtoBulpliuric acid, and mafanic antimony remains: or a weighed 
Ijortion of the sulphi^ is oxidised by means oi hydrochloric acid and chlomte of ]^tas« 
SunL the action being contbiued till the greater part of tlie sulphur is oouverted into 
sulfuric acid, and the remainder collected at the bottom of the liquid in a melted 
irlobule. The liquid is then diluted with water containing tartaric acid, to prevent 
the prertpitation of a basic salt of antimonv, and decanted ; the globule of sulphur 
washed imd weighed, and the quantity of sulphur in solution estimated as sulphate of 
barium (see Sulphuk). the quantity thus found being added to the weight of the 
globule. The proportion of sulphur in the precipitated sulphide of antimony being 
thus found, the amount of antimony is easily calculated. Antimony cannot M accu- 
rately estimated by merely weighing the precipitated sulphide, because the p^ipitate 
almost always contains free sulphur, and sometimes pentusulphide of antimony in 

unknown proportion. ... . » . , . . » - 

WTien antimonious and antimoiiie aoids exist together in solution, the total quantity 
of antimony may be estimated by treating one portion of the liquid as above described, 
and the quantity existing as antimonious acid determined in another portion by means 
of trichloride of gold, 4 at. of precipitated gold coiTes|K)nding to 3 at. of antimony 
Cp. 313). 

AUmtic Wiight of Antimont /, — Berzelius (Schw. J. xxii. 69) determined the 
amount of tetroxide produced from a given weight of the metal by oxidation with 
nitric acid, and thence found, for the atomic weight of antimony, the Dumber 129*03. 

The same process has more recently been followed by Dexter (Pogg. Ann. c. 679), 
who loiind the Kiiialler number 122*33 : but even this number was till lately regaided 
a« tcKi high, the orn)r boiiig snpjxiHed to arise from incoiiiploto oxidation and the cou- 
Bequoiit admixture of trioxide with the tetn>xido. 

Sohu older (Pogg. Aim. xcviii. 293) determined the atomic weight of antimony 
fnmi the analysis of the native trisulphido by hydrogen. Stibiiite from Anisberg. 
which consists of pure trisulphido of antimony mixed with only a small quantity of 
(jiiartz (about per ceut.), was decomposed by ignition in a stream of hydrogen, and 
the nniuced antimony weighed, the csciiping gas being passed into aqueous Ammonia 
to absorb any sulphide of antimony that volatilised, and this quantity being after- 
wanls precipitated by hydrochloric acid, oxidised by fuming nitnc acid, and weighed 
as tetroxide (its quantity did not exceed 1 or 2 milligrammes). Corrections were also 
made for the quartz in the mineral and for the small amount of sulphide which 
remained unreduced and unvolntilised ; for which purpose the residue in the reduc- 
tion-tube was weighed, — then digested in aqua-regia, the residual quartz again weighed, 
the sulphur iu the solution determined by precipitation as sulpfiate of barium, and 
the amount of antimony in the residue thence determined (alK>ut ()'4 per cent.). After 
making these corrections, the composition of the trisulphido (Sh'^S") was found to be 
71 480 Sb -e 28'520 S ■■ 100, whence, the atomic weight of sulphur being 32, tliat of 
antimony is : 

Sb = X 48 == 120*30. 

28*62 

This result agrees nearly with former determinations by II. R(^»se, and also with that 
found by Weber (Pogg. Adik xcviii, 456), from the analysis of trichloride of anti- 
mony, viz. 120’7. Dumae, by decomposing trichloride of antimony with a standard 
solution of silver, finds fur the atomic weight of antimony the number 122, which agrees 
Very nearly with that found by Dexter. (Ann. Ch. Pharm. cxiii. 29.) 

Valuation of Antimony Oris. — To estimate the amount of antimony in the native 
sulphide, the ore is carefuUy rousted, and then fused at a moderate heat with 1 to 
3 pts. of black flux and about 26 per cent, of borax, the whole being covered with a 
layer of common salt. The quantity of metal whicli can be thus extracted from the » 
sulphide does not exceed 64 to 64 per cent, the calculated quantity being 71*6 per 
<^nt. Or the sulphide is fused with iron filings (about 42 pts. iron to 100 of sulphios)^ 
t<^elher with three times its weight of black flux, and about 26 per cent of borax, ths 
whole being covered with a thick layer of common salt. This process yields 68 to M 
antimony nom 100 pts, of the sulphide. 

To estimate the amount of sulphide of antimonv in a sample of the crude ore, the 
ID piecel of about the size of a walnut, is heated in a hessian crucible perforated at 
snd standing on another crucible placed bfdow the grate, and surrottnded with 
ashes or sand to keep it coot Care must be taken to avoid applying too much heat. 

If the gangue is not attacked by hydrochloric acid, the amount of sulphide may l>e 
«*timated by boding a weighed portion of the ore with that acid and weighing the 
residue. (Kerl, Hnttenkunde^ iiL 26.) 

4. Separaiicn of Antimony from other meiafs. ^Trom the mcteli of 
*<^^nd and third groups (see Ansj.naa, p. 213) siitiraoiiy is separated by precipiUtie& 

' OL. 1 \' * ’ 
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with hydrosuiphuric acid ; from those of the first group, whose sulphides are insoluble 
in alkaline sulphides, it is separated by precipitating with hyc^sulphunc acid and 
digesting the precipitate in sulphide of ammonium. The sulphide of antimony then 
dissolves, the other metals remaining undissolved ; and on mixing the filtrate with 
excess of hydrochloric or acetic acid, the sulphide of antimony is reprecipitated. When 
hydroc^OTic acid is used, care must be taken to keep the liquid dilute and not allow it 
to get otherwise some of the antimony ma}' be redissolved. 

■ wfean antimony is combined with other metals in the form of an alloy, it may often 
be separated by treating the alloy with moderutely strong nitric acid, which dj^lves 
the other metat, leaving the antimony in the form of antimonic acid, which may then 
be converted into antimonate of antimony by ignition. This method, however, is not 
rigidly exact, because the nitric acid dissolves a small portion of the antimony ; but it 
is near enough for commercial purposes. It in of course not applicable to the separa- 
tion of antimony from tin, gold, or platinum. 

' The separation of antimony from tm may be effected by immersing in the solution a 
piece of pure tin, which precipitates the antimony in the form of a black wwder. To 
render the separation complete, a gentle heat must be applied, and the solution should 
contain an excess of acid. The antimony is collected on a weighed filter, dried at a 
gentle heat, and weighed. If the sum of the weights of the two metals in the solution 
m previously known, the amount of tin is at once determined by difference ; if not, the 
metals must be precipitated together by zinc from a known quantity of the solution, and 
the antimony precipitated tin from another portion. — Another method of separa- 
tion given by L c vof (Ann. C3h. Phys. [3] xiii. 125) is, to precipitate the two metals by 
zinc, and treat tho precipitate with strong hydrochloric acid, without previously decanting 
the solution of chloride of zinc. Tho tin then dissolves, while the antimony remains 
undissolved, tho presence of the chloride of zinc diminishing its tendency to dissolve 
in the acid. The tin may be afterwards precipitated by hydrosulphnric acid, and the 
sulphide converted into stannic oxide by treating it with strong nitric acid. 

For the separation of antimony from f/o/d, and platimim, see those metals. 

From Belenium and tellurium^ antimony is separated in the same manner as arsenic (j. v.) 

AarTZXaomr, mrORZBS op. SbF*— Obtained by dissolving the trioxide in 
hydrofluoric aciil. It forms colourle.s9 crystals, wliich dissolve completely in water 
without docompositiou, 

AlOrTXlllOirsr, OILABS op. Sec iXirriMONY. OxYSULFHiDE OF. 


AirTZlVIOUnry KY3>R11>B op. or ANTZiaOITKDB OP KTBBOOSir. 

' generally cal l(‘d AnUmmutUd or hfjdroffrn .Kblp. — When an anti- 

mony-compound, tartJir-emetic for extnnple, is introduced into an apparatus in which 
hydrogen is generated by the action of zinc or dilute sulphuric acid, the flame pro- 
duced by the combustion of tJic gas at the orifico of tho jet, acquires a bluish tinge 
from admixture of antimonido of hydrogen. This compound may be obtained in n 
state of greater purity by dissolving an alloy of 2 pts. of zinc unci 1 pt. of antimony 
in hydrochloric op dilute sulphuric acid. It is always, however, more or less con- 
taminated with free hydrogen. 

It is a colourless gas, and when free from arsenic, quite inodorous ; insoluble in 
water and in alkaline liquids. When it is passed into not concentrated nitric aci^ a 
white powder is dopoaite<l, consisting of antimonic acid. When passed into a solution 
of nitrate of silver or chloride of mercury, it forms a black precipitate, containing the 
whole of the silver or mercury. The silver-precipitate has beeft found to be SbA^, 
and is formed by simple substitution of silver for hydrogen. Hence the autimonide 
of hydrogen is infcrreil to be SliH*, analogous to ammonia, and to arsenide and phos* 
pbide of hydrogen, AsH* and PH*. 

When antiraonide of hydrogen is passed through a tube, of hard glass and strongly 
Jieatctd by the flame of a lamp, it is decomposed, and a mirror of metallic antimony is 
),Midep 08 itea oa. the tube. If a funnel be held over the flame of the gas, a depmt of 
tmxide of antimony is formed on its inner surface. A cold porcelain dish held in the 
lolj^le of i^ieflali^, becomes covered with spots of metallic antimony, which are darker 
Ilk colour, ti^ those formed in a similar manner by arsenic, and are furth^ dis- 
l^jllgniahed |hitd latter by not dissolving in hypochlorite of sodium, antimony 

in ^ua-regia and in permanganate of potassium, and the 
" foi^ exhibits the characteristic reactions of antimony with hydro- 

(p. 319). 

There’ eereral compounds of antimony with alcohol-radicles, analogoms to 
J^rogen, viz. Sb(OH^)*, aiibirielh^l, Sb(C*H*)*, and 

^ ir»oii[^'Sb(Cw*T* 

^ 4^ VZMOXfVf SOltZirB OB. SbP.— PrepuFd like the bromide. It is a 

ie^^%Odj, decomposed by water, forming aa The 8}dphiodide^ is 
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obtaiuod as a red sublimate, by heating an intimate mixture of iodine and the 
trisuiphide in a retort It ia decomposed by water, yielding hydi-iodic acid ainl an 

oxysulphide, 

AKTXMOKTf CRUS OT* Seep. 311; for the valuation, p. 321. 
AJrxZMOnp 03LXOXUI of. Antimony forms with oxygen three deflnitjS aom- 
pounds, viz.: the 

Trioxide or Antimonione^oxide Sb’O* 

^Tetroxide or Antimonoso-antinionic oxide . . , SbW 

'Pentoxide or Antimonic oxide Sh-O* 


The tetroxide is perhaps a compound of the oilier two, Sb’^O*. S d O'* *■ 2Sh*01 
su/K‘Xtil' Sb'O (?) is also said to be [iroduced, as a grey film, when antimony is used aa 
thei>ositivepole in the eleetrolysis of water. It appears, however, to be merely a mix- 
ture of the metal with the trioxido, tor, when treated with hyilroehloric acid, it yields 
milutioti of the trioxide and a residue of untiiiioiiy. (Poraelius.) 

Trioxioe of Antimony, or Antimoniou.s Oxins, Sb^O*, occurs, though 
rarely, as a nutural mineral (Vaft HA/fr A}it/mofu/t ffWas- 

in shining wliite crystals belonging to tlie trimetric system; specific 
gravity 6*666 hardness; 2*6 — 3. It occm*8 in veins of primary rocks ut Przihrani in 
]kilionii>i, at Hraunsdorf in Saxony, and at Maiaezka in Hungary. It is found also 
in regular octahedrons, viz. as -S'- uartiumtiti\ a mineral fi*om the Gued Hamimim 
min*', in the pnivince of Conatan tine, Algeria: it is therefore dimorphouH. This oxide 
is fonncil when tlie mctiil bums in the air, and may bo prepared by heating antimony 
in a cpucible imperfectly closed with its cover: it is then <lepositcd*on the sides of the 
crucil>le, a little above the melted metal, in shining prismatic crystals, known by tlie 
iijiine of Jh>uu rs of antimonif^ Jlorrs antitnonii argmtt L JJnt tlie easiest mode of obtain- 
intr it is, to hciit the trisulpliide M'ith strong hydroidiloric acid as long ns liydrosiilphurit 
acid oontiuui'H to csca{)e, and pour the resulting solution of the tricliloridc into a 
Lt'iling solution of carbonate of sodium. A crystilline p«)wdcr is then do}iosited, 
consisting (according to Graham) of the anhydrous trioxide: 


2SbCl» + SNu^CO" «= SIrO* + 6NaCl + 3CO*. 


Reg nail It, however, states (Cours do Chimie, iii. 230) that the oxide thus obtained if 
a hyilrafe, containing SbW.H'^O or SbllO*. The trioxide is likewise obtained, though 
iiiixrj more or less with antimonic acid, by treating metallic antimony with nitric 
acid (p. 318). 

'J he artificial as well as the niiti%*e trioxide of antimony is dimorphous, Tho 
rrvsliils produced by the rapid oxidation of the metal l)eloi)g to the trimetric or right 
prismatic system. Sometimes, however, when the oxide is sublimed at a companifively 
I' w tempera tiire, as wlien a few ounces of antimony are heated till the metal begins 
t'> Inini, and tlien left to cool slowly, the prismatic crystals arc mixed with regular 
f'tahei Irons, According to Mitsch erlich (Ann. Ch. Phys, [2] xxxiii. 3SH) the 
*ri(»xiilc is also deposited in regular octahedron.s from a solution in boiling soda. Jn 
<Mcij (,f its fonns, it is isomoridions witli one of tlie forms of trioxide of aiwenio 
liirstiiious oxide): the two bodies are therefore isotlimorphous. Antimoiiiou oxide is 
wj.ifr or greyish-white at ordinary teinjier.itures, but turns yellow when heated. It 
iMflts below a red heat, and sublimes when raised to a higher temperature in a close 
Wlion heated in the air, it is partly converted into antimonic oxide. It i« 
not dceomjxwed by heat alone, but is rcauced to the metallic state when heated with 
hydn^cn, charcoal, or potassimn. 

of antimony diseolvee sparingly in waier^ more freely in strong hydros 
Ui^d; the latter solution is guite clear, provided the oxide is free from 
acid, but is rendered turbid by dilu^on with water. It dissolves whan 
i>oilwl with aqueom tariaric acid^ and veiy esnily in a solution of acid o/ 

pf>ta«mum (cream of tartar), forming the turtraU of antimony and poUmaitt^ or tartoff 
rwj/fc, C*H*KSbO^ (See Taktaaits.) 

it IS quite insoluble in nitric acided ordinuiy strength ; but dissollM in soil fnm’& 
nifne acid, fonnin||; a solution which de|)oslta pearly scales of a nitzuts^ 
religot). .It dissolves also in fuming cwphuric acid, the solu^n^Amp^^ 
fiiining scales of a sulphate containing 3S0*.Sb'0*. It docs not ablorb 
carbonate of antimony is known to exist. 

irioxide of antimony acts as a feeble aeid, lormiog salts <»lled 
fic precipitated trioxide dissolves easily in alkalis^ but the iwdtingfbiilijpbiijj^" 

Tcjy unstable, being decomposed by mere sivspoi^ion. The solutioiMi gsv^s willilt 
> silver ttd excess of ammonia, a black prseipitate inaolnble in free ammonia . ' m 
reaiice trichloride of golA predpstatiiig the metal. Hors stahls salts^ t|w ni 
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anonoso-antimonateB, are formed by the union of the antimonites wi& antimonatea 
^vid. t«/). The trioxide fused with caustic alkalis or their carbonateB is converted 
into antimonic acid, which unites with the alkali. (Fr^my.) 

Tbtboxidb of Antihont, or Antimonoso-antimonic oxide, sometimes 
called Antintonious acid^ Sb‘^0^ — This oxide is found native, as Cervantite or Antimimy^ 
or Are, forming acicular crystallisations, or massive, or as a crust or powder. It is 
yellow, or nearly white, of a greasy, hriglit or earthy lustre, and specific gravity 
4^84. It is found at Pereta, in Tuscany (Dana, iii. 141). The same oxide is pro- 
duced by the action of lieat upon antimonic oxide (SVO*), by roasting the trioxide or 
trisulphide, or by treating liulverised antimony with excess of nitric acid. As thus 
prepared, it is white, infusible, and unalterable by heat; slightly soluble in water, 
more soluble in hydrochloric acid. It is easily resolved into antimonious and anti- 
nionic oxides. On boiling it with acid tartrate of potassium (cream of tartar) anti- 
monious oxide dissolves, and antimonic oxide is left behind ; and when a solution of the 
tetroxide in hydrochloric acid is gradually dropped into a large quantity of water, a 
precipitate of antimonious oxide is first produced, while antimonic acid remains’ in 
solution. From these and similar reactions, it has been inferred that the tetroxide is a 
compound of the trioxide and pentoxide, or an antimonate of antimony (Sb*0* + 
8b*0* as 2Sb*0*). On the other hand, it is sometimes regarded as a distinct oxide, 
because^ it dissolves in alkalis, forming salts (often called antimonites^ which may 
be obtained in the solid state. By fusing the tetroxide with hydrate or carbonate of 
potassiuiTi, exhausting writh cold water, treating the residue with boiling water, and 
evaporating to dryness, a yellow, uncrystalliiie, saline mass is obtained, composed of 
K*0.Sb*0\ and by mixing the solution of this salt with a small quantity of hydro- 
chloric acid, a more acid salt, K*-K),2Sb*0< is precipitated. By treating the same 
solution with a large quantity of acid, a precipitate is formed, consisting of the 
hydrated tetroxide, H*0.Sb*0\ It is, however, more in accordance with the reactions 
above-mentioned, to regard these salts as an timonos o-antimona tes, that is to say, 
as compounds of a7}timanatia (containing Sb*0*) with antimoiiites (containing Sb'O*); 
thus the salt, K^O.Sb’^O*, may be regarded as (K‘0.Sb®0») + (K»0.Sb’-«0»), or KSbO* 
KSbO*. 

The antimonoso-antimonntos of the earth-metals and heavy metals arc insoluble in 
water, and^ may be obtained by precipitation. Two of them are known us natural 
minerals, viz. ~1. liomdnc^ or (so-called) of cafeium^ found at 8t. Marcel, 

in Piedmont, in groups of minute square-based octahedrons, of hyacinth-red, or 
honey-yellow colour; specific gravity 4'714 (in i^nvder 4-675^ hard enough to scratch 
glass. It contains 62T8 per cent, antimony, 15'82 oxygen, 16-29 lime, 1-31 iron, 1*21 
protoxide of manganese, and 2*86 silica. “TIio fornuila, 3Ca»0.2Sb*0\ requires 61-9 
per cent., Sb, 22*7 O, and 15*4 Ca (Dana, ii. 410). — 2. or (so-called) a //- 

vwniU of mircur^, qccurs, mixed with clay and hydrated ses^uioxido of iron, in the 
quicksilver mines in Cliili, and at Silberg, near Olpe in Westphalia. It is a red 
powder, containing, according to Domeyko (Ann. Min. [4] vi, 183), 12*6 per cent 
Sb’^O*, 14*0 HgO, 22*3 Fe*0*, 26*5 SiO^, and 247 water (and loss). ProbabW only a 
mixture. (Dana, ii. 142.) 

Pentoxibk of Antimony, Antimonic Oxidb or Anhydride, Sb**0* 
In the hydrated state : Antzm onic Acid. — This compound is obtained as a hydrate ; 

By treating antimony with nitric acid, or with aqna regia containing exetHss of 
nitric acid. 2. By precipitating a solution of antimonate of potassium with an acid. 
— 3. By decomposing pentachloride of antimony with water. 

The hydrated oxide obtained by either of these methods gives off its water at a 
heat l^low redness, and yields the pentoxide or anhydrous antimonic acid, as a 
yellowish powder. The same body is obtained by lieat ing pulveriscnl antimony with 
mercuric oxide till the green antimonate of mercury at first produced is decomposed 
and all the merciiiy driven off. It is tasteless, insoluble in water and in acid^ and 
has a sjwcifle gravi^ of 6*6 (Boullay), At a red heat, it gives off oxygen, and is 
converted into the tetroxide. It is oisaolved by boiling potash-ley, and when ftwed 
with carbonate of potassium expels oarbonic anhydride and forma a salt, from which 
adds separate hydrated antimonic acid. 

The hydrated oxides or acids obtained by the three methods above ^ven, are by no 
means idratical. That obtained by the first and second method is monobasic, ann aO“ 
cording toBersel ins, rontainsSbWH'OorSbHO'; accordingtoFrdmv, Sb*0*.6H*0, 
or SbH*0*, when air^dried at mean temperatare ; but the acid obtained by the action of 
water on pentachloride of phosphoraa is dibasic, and contains, according to Frdmy# 
Sb*0*.4H*0. The monobasic acid is called Antimcmc odd; the dibasic add, 
monw acid. These acids are further distin^ished by the following eboracten. Anti- 
BKMiic acid is a soft white powder, sparing^ soluble in water, reddens litmiia, and h* 
dissolved, even in the cold, by strong hydrochloric add and by potaah-ler. The hydro- 
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chloric solatioit mixed with a small quantity of water, yields after a while, a precipi* 
tatc of untimonlc acid, but if diluted with a lo^e quantity of water, it roinains clear. 
AmTnonia does not dissolve it in the cold. It is converted into inetantiinonic acid by 
hoatinff with a large excess of hydrate of potassium. — ^Metantimonic acid dissolves in 
Hfids more readily than antimonic acid, and is dissolved by ammonia, after a while, 
rveii at ordinary temperatures. It likewise dissolves completely in a lai^o quantity 
t.f water, and is precipitated therefrom by acids. It is very unstable, and easily 
elianges into antimonic acid, even in water. 

Antimoxates and Mktantimoxates. — A ntimonic acid forms neutral or nocmal 
suits, containing M.*O.Sb^O* or MSbO*, and acid salts containing M''0.2Sb'‘'0^, -or 
jSlroV 2MSbO*. Metautiinonic acid, which is dibasic, forms normal salts containing 
orM*Sb‘-'0', and acid salts containing or M®0.Sb*0*, so that 

Tlu* acid metantimonates are isomeric or pol3'mcric with the neutral antimonates.* An 
acid inetantimonate easily changes into a neutral antimouato (Fr^my, Ann. Cb. 
IMivs. [3 1 xii. 316, 357; xxii. 404). — Hefftor (Pogg. Ann. Ixxxvi, 411) analysed a 
hcrics of hintimonates, which, calculating from the old atomic weight of antimony 
(119), he supposed to contain 12 at. Sb*0* to 13 at. of a base ]VPO; but on recalculat- 
ing tlie analyses with the new atomic weight (Sb -= 120*3), it is found that they agree 
with the general formula M^O.Sb^O*. 

The metantimonates of ammonium, potassium, and sodium, are crystalline; the 
untimonutes of the same bases are gelatinous and uncr^-stallisable . The soluble acid 
metantimonates form a crj'stalline precipitate with sodium-salts ; the soluble autimo- 
uiites do not form any such precipitate. 

The aufimoiiutes and metantimonates of the alkali-metals are the only ones that 
are easily* soluble in water. All the rest are insoluble or sparingly soluble, and may 
l>e obtained by precipitation. 

Antimonate of Aluminium, — On adding the solution of an aluminium-salt to 
excess of antimonate of potassium, the whole of the alumina is precipitated in com- 
lunation with antimonic acid, in white flocks, somewhat soluble in excess of the 
Bluminium-salt. v 

Antimoftato of A mmonium^ (NH*)*0.Sb*0*-f 2n*0, or (NH*)SbO* + H*0, sepa- 
rates as a white [lowder from a solution of antimonic or metantimonic acid in warm 
a'pu'ous ammonia. — Neutral nutantimonate of ammonium^ 2(NH*)*0.Sb*0*, is ob- 
tained in solution by treating metantimonic acid with aqueous ammonia ; it is 
not easily obtained in the solid state. The solution mixed with a drop or Wo of 
alcohol, deposits a cr^'stalline salt, wliich is the (tcid meiantimonate of ammonium^ 

( NIl*)'‘O.Sb O* 4- 6HH>. This salt is soluble in water, and the solution precipitates 
f->dium-salts. It is very unstable, being converted, with loss of water, slowly at 
ordinaiy* temperatures, and immediately at the boiling heat, into the insoluble neutral 
aatiiminaie, with which it is isomeric, 

A n timonate o f Anti i»on.y,iSb*0* Sb’O*. — The tetroxide of antimony is sometimes 
ngarded os constituted in this manner (p. 317). 

Antimonate of Barium Ibi'O.Sb-'O*, or Ba"Sb*0*, is obtained by double decom- 
po^fition, as a flocculent precipitate which grfulually becomes ciystalbne ; it dissolves 
slowly in aqueous chloriue of barium. 

Antimonate of Calcium^ Ca''0.Sb*0*, is a crystalline precipitate, which adheres 
closely to the sides of the vessel, like carbonate of calcium. 

Antimonate of Cobalt, Co"O.Sb*0*. — Reddish crystalline precipitate, which, 
^hen heated, gives off water, turns violet, and then black ; when heateef to redness, it 
l^ecomes incandescent, and on cooling appears nearly white. — By mixing a solution of 
f^ulphate of cobalt with a hot solution of antimoDste of sodium, Heffter (loe. eit,) 
J>htajned a floocalent rose-coloured precipitate, containing Co"O.Sb*0* + 7H*Oj ana 
standing for some days, deposited six-sided prisms containing^ 

Antimonate of Copper, Ctt''O.Sb*0*,or Cu"Bb*0*, is a greenish cxystalline powder. 
Which when heated gives off 19 ^ per cent, water, and turns black. At a red neat, ft 
g owH ij^ the oobalUsalt, turns white, and is afterwards unattackable by acids or alkalia 
* solution. On charcoal before the blowpipe, it is reduced to antimonide of copper. 

AfUimonatee of Iron, — The ferrow salt is a white powder which becomes yel* 

« u' • when d^, red by ignition, and is sparingly soluble in water. The fetHe 
"Hit in light yellow, 

of Lead, Pb'0.8b»0*. or Pb-Sb-O, ia obtunad aa ayellowanhydroua 
jOTOnr by fusing peotoxide of antimony with oxide of lead, or as a white hydrate by 
precipitation ; the hydrate gives offite water when heated, and turns yellow. 

I^ulw oTOis fMmtral and add aoUmnnates ara MOetbO^ md 3i0.dSb{P , and of tha 
'wtimonatM. 2X10.560^ and 3 JirO,d»0» rmpactlraly. 

r 3 
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A basic antimonate of load, known by the name of yemles Ydhw, U mneh mad hi 
oil-paintinA It is obtained of the finest cok>ur b^ mixing 2 pts. of chemically pv^ 
nititete of lead with 1 pt. of the purest tartar^emetic and 4 pts, of common salt pnri* 
fied by repeated crystallisation, exposing the mixture for two hours to a heat just 
sufficient to fuse the chloride of s^um, and dissolving out the chloride of sodium 
with water ; if the temperature has not been allowed to rise too high, the Kaples 
yellow is then obtained in the form of a fine powder. — The same pigment is likewise 
obtained, but generally of a less brilliant colour, by fusing equal parts of antimony 
and lead with 3 pts. of nitre and 6 pts. of common salt. 

, Another basic antimonate of lead, 3Pb'^.Sb*0* + 4IPO, occurs native at Nerts- 
chinsk in Siberia, forming the mineral Bleinierite, It is amorphons, reniform, sphe- 
roidal; also earthy or incrusting; sometimes with cun^ed lamellar structure, specific 
gmvity 3*933 (Karsten); 4*6— 4*76 (Hermann), Lustre resinous, dull, or earthy. 
Colour grey, brownish, or yellowish. Opaque, Streak, greyish or yellomsh. It is 
perhaps a mechanical mixture of lead and antimony ochres, and appears to result f5pom 
the decomposition of other ores of antimony. (Hermann, J. pr. Chem. xxxir. 179.) 

Antimonate of Lithium, — Obtained by mixing a concentrated solution of 
chloride of lithium with antimonate of potassium, in flocks which soon become crys- 
talline. It^ dissolves easily in hot water, and separates in grains on cooling. In 
dilute solutions, no precipitate is obtained. 

Antimonate of Magnesium^ Mg"0.Sb*0“ + 121PO. — Separates by double 
decomposition from boiling solutions, in colourless siiining hard crystals, which are 
isomorphous with the corresponding cobalt-salt, give off 8 per cent, water at 100° C., 
10 per cent, at 200°, and 11 per cent, at 300°. (ileffter.> 

Antimonate of Manganese. — Wliite, altered by exposure to tih^ air, sparingly 
soluble in water, somewhat more soluble in excess of the manganous salt. At a 
heat, it becomes unattackable by acids, but does not glow. ^ 

Mercuric Antimonate^ Hg"0.»Sb*tP, or Hg*^(Sb()*)*, is obtained by double de- 
composition as at! onvngo-yellow precipitate. There is also an olive-green mercuric 
antimonate obtained by heating to low redness a mixture of 1 pt. powdered antimony, 
and 6 or 8 nts. mercuric oxide. At a Stronger heat, this salt ^ves off oxygen and 
mercurv, and learoa antimonic oxide. It is but little attacked by acids ; but boiling 
hydroenloric acid dissolves a sm^l quantity of it, and ammonia added to the solution 
throws down a light green powder. 

An timonate of Nickel. — Sulphate of nickel mixed with a boiling solution of anti- 
monatc of potassium, imihediatoly forms a light green flocculeiit precipitate containing 
Ni"O.Sb*0* + 6H*0, and the mother-liquor, after a few days, yields crystals of darker 
coloiuu isomorphous with the magnesium-salt and analogous to it in constitution. 

Antimonaiee of Potassium. — The neutral salt, K*O.Sb*6* + 6H*0, is obtained 
l)y fusing 1 pt of antimony with 4 pts. of nitre, digesting the fused mass in tepid 
water to remove nitrate and nitrite of potassium, and boiling the residue for an hour 
or two with water. The white insoluble mass of anhydrous antimonate is thereby 
transformed into a hydrate containing 5 at. water, which is soluble. The solution, 
when evaporated, leaves this hydrate in the form of a gummy unc^stallisable masi^ 
which gives off 2 at, of water at 160° C., and the whole at a higher temperature. 
According to Heffier the anhydrous neutral antimonate is p^ly decomposed by pro- 
longed boiling with water, an acM salt 2K*O.Sb*0* remaining nndissolved, and the 
liquid Altered therefroiik yielding by evworation the neutral salt with 7 at. watsr: 
K"0.Sb*O» + -o .. -r- 

Antimonate o^f Potassium is obtained by passing carbonic acid gas through a 
solution of the neutral antimonate. It is white, crystalline, p«pfectly insoluble in 
water, and is converted into the neutral salt when heated with excess of potash. This 
salt is the antimomum. diaphoreHomiik Imeaium of the pharmacoposias. (Fetoj*) 
According to HeSter, the salt thus obtained is 2K*0.3Sb'‘6* 4- lOH^. 

. Neutral Mt iantimonate of Potasmum is prepared by fiising antimonic oxide or neutral 
antimonate of potassium with a large excese of potash. The Ihsed mass disB<^vas in a 
•mall quantity of water, and the smution evaporated in vacuo yields crystals rf tha 
neutnu metantimonate. This salt dissolves fimy and without decogipoemon in wisn 
water containing excess of potash ; but cold water or alcohol decomposes it into potash 
and the acid matantimonate. Hence the aqueous solution of this salt gives a pto* 
mpitate, after a while, with aolts of soda, (f r4my.) 

Atid MetanHmemate of Potasstum^ K*O.SfaPO* •** 7HH>, sometinies esllcd gr mndm r 
emUmonaU of potassmm, — This salt is used , as a test finr sods. To obtam it^ Uio^ 
neutral antimonate is first prepared and dissolved in the nianuer above deseribed; tilke 
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•olation is filtered to separate any meid A&^monate that way remain iindiaBolTe^i then 
eraporatedtoa syrup in a silver vessd; and hydrate of petassinm is iddi^^in innm to 
ronrert the autimonate into metantimohatew l^e evaporation is then etwtinuea till 
the liquid begins to ciystallise, which is ascertained by taking out a drop now and 
then upon a glass rod, and the liquid is then left to oooL A ciystalline mass is thus 
obtained consisting of neutral and acid metantimonate of potassium; the slkalLie 
liquor is then decanted, and the salt dried upon filtering paper or ungiaz^ porcelain 
^Fr^my). This salt may also be prepared by treating trichloride of antimony iHiU 
nil excess of potash sufficient to rcdissolve the precipitate first formed, and adding 
ix naanganate of potassium till the solution acquires a faint rose colour. The liquid, 
ftltcrcd and evaporated, yields crystals of the gnmular metuiitimouate (Bysynoas^ 
Tills salt is imaringly soluble in cold water, but dissolves readily in water, betwseiit 
45^ and 50*^ C. ‘VVlien boiled with water for a few minutes, or k^t in contact with 
water for some time, it is converted into the neutral antimonate. It must therefore be 
pr<*served in the solid state, and dissolved just before it is required for use, A small 
quantity of it is then treatM with alxmt twice its weight of cold water, to remora 
excess of potash, and convert any neutral metantimonate into the acid salt; the 
liquid is decanted ; and the remaining salt is rapidly washed three or four times with 
cold water, then 1^ in contact with water for a few minutes, and the liquid is flltei^. 
On adding to the solution thus obtained a smull quantity of any sodium-salt, a ciystal- 
line precipitate is formed, consisting ot acid metantimonate of aodium {vid, 
Antimonate of Sodium is obtained in tabular aggregates of small ciystats, when 
the wash-w4tep, resulting from wooshing a deflagrated mixture of antimony and nitre, 
is mixed with a sodium-salt. This salt has, ucconliu^ to Fr^my, the composition 
Na’^O.SbW + 7H*0. A salt of the same constitution is obtained, accoraing to 
Hefiter, in regular octahedrons, by boiling golden sulphide of antimony with caustic 
soda, and filtering the f^ueoua extract It is nearly insoluble in cold water, soluble 
in about 3d0 pts. of boiling water. It gives off 2 at water at 2(»0° C,. 2 at. more at 
300°, and the rest at a red heat. 

Add Metantimonate of Sodium, Na*0.Sb*0» + 7H*0, or 2NaH0.Sb«0» 

This suit is produced when a solution of acid metantimonate of potassium, free from excess 
of alkali, is added to the solution of a SodiiQan-salt.^ If the solution is not very dilute 
the precipitate is floccuiciit at first, but soon" becomes crystalline. It is produml 
immediately in solutions containing not less than 1 pt, of sodiuin>sa1t in 300 pts. of 
liquiii In more dilute solutions, the precipitation is gradual, the metantinionsto of 
soil mm being deposited in crystals on the siaes of this vessel, the effect being Apparent 
after twelve hours, even in solutions containing not morer that pt. of sodiurn-salt. 
The precipitation is accelerated and rendered more complete by adding a little alcohtd. 
The presence of free alkali retards it. The solution of sodium to be tested in this 
munner should be free from salts of lithium, ammoDium, and the earth-metals, all of 
which, when diluted to a certain extent, yield precipitates of similar character. Ari*l 
metantimonate of sodium g^ves off 6 at, rtf water at 100°C., the seventh at al^out 800°. 
menaffl of Amorphous precipitate containing Sr^O.Sb*0* + 

Antimonate of Zinc, Zn'^O.ShK)*. — Crystalline precipitate somewhat soluble in 
excess of the zinc-salt When heated, it gives off water and turns yellow, but without 
incandescence. On charcoal before the blowpipe it docs not fuse; neither is it 
reduced without addition of alkali. 

*“**«*02nr, ononoSZBa OV. Bade Chloride of Antimony, Bated r 
Aiuaroth, Pulvie AlgaroiH e. angeficus, Mereurius Vit4B, &c. — A compound formed 
of water on trichloride of antimony. It was formeriy much used in 
medical practice, but now serves chiefly for the preparation of pure antimonious 
wide «d tartar-emetic. The best way of prsparing it is to boil commercial sulphide ' 
^*^1 In fine powder with strong hydvoehloric acid, till the liquid is satumtoil, 

siuphuretted hydrogen escaping all the v^es leave the solution fo cool; add to it, 
with station, small portioos of water till it b^giiis to show turbidity ; then filter ; 
mix the filtrate with five to ten times its bulk of water; and wash the resulting pre- 
cipitate thorot^hly with cold water by decantation or on the filter. The addition of 
a small quantify of water and filtration before the complete precipitation, is neees- 
f«7» in to remove a small quantity of hydrosulpfattiic acid, which always remains 

*? liquid, bi^ is earned down by the portions of oxychloride precipitated, and 

*’^*2^*^ • ^ allowed to remain, it would cause the precipitate to tarn yeOoir. 
ihe diM precipitate is a heavy white iiinorpbons powder ; but if left to stand to 
we liquid, or if boOed with it, is converted into a mass of small shining obliqne rsete ‘ 
*”gyiy pnsms. It vanes in eem p oaitiett according to the temperatute of the 
wd for the precipitation and washis^ According to Dmflos and Bachota^ lb la ' 
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2SbCff^fll#-(te*c^iD|; Ji<rohh«to^^ accorOijig to Sohnelder, 

2SbOC&;Sb*d**?^g«li^ t<l^eligot, the precipitate fonned ih the cold ia SbCl» 
or SbO.Gl, (Monde of antimonyl), and after it hae become ciyatiffliiie by 
heating; 2SbCl*,dSb*Ol Continued insbing with -water removes more and more of 
the chloride, ultimatdj leaving nearly pure antimouious oxide ; alkaline-water removes 
the whole of the chloride. The oxychloride is -also decomposed by heat, the chloride 
being volatilised and oxide remaining. v ^ 

Antimonious oxide dissolves in about lFtiattii'"ite weight of the boiling trichloride, 
and the solution on cooling solidifies into a pearly grey, perfectly crystalline mass, 
apparently consisting of Sb"OCl‘*. 6 SbCl* analogous to the si^phochloride fonned in 
like munuer (p. 338), It is decomposed by absolute^lcohol, with separation of powder 
of algarotb. (Schneider, Pogg. Ann. criii. 407.) 


AWTlMOmr, OXYXOXms of. Antimonious iodide is«decomposed by water, 
yielding a white precipitate, which appears to be analogous in composition to the 
oxychloride. An oxyioclide, 2Sbl*.6Sb*0*, is likewise obtained in gold*colourcd 
spangles resembling iodide of lead, by adding iodine to a solution of tartar*emctic, or 
by treating the trichloride of antimony with solution of iodide of potassium, evaporat- 
ing the solution, treating the residue with water, and repeating these operations 
several times. It is decomposed by heat. Hydrochloric acia dissolves it-, with sepa- 
ration of iodine. It is slightly soluble in^tartaric acid and cream of tartar. Nitric 
acid decoxupose.s it, separating oxide of. antimony. (Prcuss, Pharm. Centr, 1889, 
p.311.) 


JLXrTZMOMY, OZYBITXiPBZ18B OF. The compound Sb^*.2Sb>S*ocfifmi native 

as jffed antimony^ Antimony blmde^ K(-rmi‘Somf*^ liothsjjiesfiylamvrz^ in needles or tufts 
of capillary crystals belonging to the monocUnic system : Specific gravity 4‘6 to 4*6. 
Hardness 1 to 1*5. It has a oherry-red colour and adamantine lustre, gives a 
brownish-red st-r<>ak, and is slightly translucent, appearing scarlet by transmitted light. 
Melts A^ery readily before the blowpipe, sinking into the pores of the chareo^d* ****1 
volatilising in dense clouds. Ignitea in a current of hydrogen, it yields hydrosulphurio 
acid, water, and metallic antimony (H. Rose, Po^g. Ann. iii. 462). It contains 74*6 to 
74*7 Sb, 6*29 to 47 O, and 20*6 S. Occurs in veins in quartz, accompanying grey and 
white anthnony, at Malaczka near Posing in Hungary, at Braunsdorf near Freiberg, 
and at Allemont in Hauphiny. It appears to result from alteration of grey antimony 
ore. A siinihir compound, but of an orange-red colour aud containing only 17*9 per 
cent, sulphur, sublimes when aqueous vapour is passed over the ignited tnsulphide. 
(Regnault.) 

Various oxysulphides of antimony may be prepared artificially. They were formerly 
much used in pharmacy for the preparation of tartar-emetic, but are now nearly obso- 
lete. a. Antimonial crocus or saffron (Crocus antimoniiy s. mctalloruni) is a brownish- 
yr’llow substance, prepared by fusing a mixture of 3 pts. of the Irioxide and 1 pt. tri- 
sulphide of antimony, or an oxide of antimony with the proper proportion of sulphur. 
A similar compound, mixed however with variable quantities of antimonite of potassium, 
is obtained by treating the trisulphide with caustic alkalis (p. 332). /9. Glass of anti^ 

meny ( Vitrum antimonii^ i.s an oxy sulphide prepared by roasting the grey sulphide at a 
moderate heat, till it is converted into the tetroxide, and fusing this antimony ash in 
an earthen crucible, with aliout A of its weight of sulphur. It is a brilliant sub- 
stance, varying in colour from yellowish-red to hyacinth-red. according to the propor- 
tions used. It gives up its oxide to acids, and evolves sulphuretted hydrogen when 
treated with hot hydrochloric acid. 7 . A compound of trisulpliide of antimony with a 
very small portion of oxide, called Regulus andmonii medicinafis or Rulnnits antimonU, 
is obtained by ftising 6 pts. of the grey sulphide with 1 pt. of pearl-ash, and sepa- 
rating the upper stratum (consisting of sulphantimonite of potasstum) ftom the lower. 
It is a black mass, having a brilliant conchoYdal fracture, and yielding a dork grey 
powder. ♦ 

According to Liebig, mineral kermes prepared by the action of alkaline carbonates 
on the amorphous trisulphide, is a definite oxysulphide of antimony (see p. 328) ; ^ 
kermes obtained by most other modes of preparation, appears to contain the oxide 
merely in a state ot mixture with the sulphide. ^ 

AXfTKAtOirY* BBUnXXXSS SMP. Antimony and selenium unite wdien heafted 
together, to a lead-grey crystalline mass, the combination being attended with rise 
of tempmture, often amounting to ignition. The same compound is fixmiedby pro- 
eipitatmg a solution of tartar-emetic with sdeninretted hydrogen ; hence its ftwmula 
ia probably Hb^Se*. Selcnide of antimony is easQy ftmible, and oxidises when heated 
in the air, giving off selenious acid. Heated with trioixide nf antimony, oat of eentiSl 
with the air, it melts into a mues rcecmbliiig the fhsed sulphide. 
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[e corre^Ading to the tetzoxide. 

TjlI»tJl.PHIl>S OP ANTII^OKY, AnTTMoWiOUS Sri.FR19Br ARHTi>»oue 

SuLPUXH TiRONious Acid, Sb®S*, or SbJ ^. — ^This coxupouDd exiete in the cxystelli&e 

and in the amcwphous state. 

1 The crystaUiaed trisulphide ooem^ ajiatiiral mineral called stibnite, atibiiie, gm 
antimony, antimony-glance (Sjnes^mm Antimoine 9uifuri, $to 

rhbtr. Plumbum Lupus iMttUlorim). It is the source of all the antimony of 

comiiierce. It is found in various localities in Hungary, Germany, and France, also 
in Comwill, in Dumfriesshire, in SGaine, Maryland, ard New Hampshire (U. S.), nnd 
abmulantly in Borneo, — always associate with the older rocks, sue&RUi gneiss, quarts, 
chiy-slute, mica-slat(v limestone, porphyry, &c., whence it is sCparaM by simple 
fusion, yielding the eride aniintony of commerce. ^ ' 

'I'hc separatioii of the sulplude from the accompanying gangue is tflfected in various 
wavjs. The simplest arrangement is that which is in use at Malliosc in the depart- 
nifiit of Aid^he, in France, and at Wolfsberg in the Haw. A number of conical pot^ 
Perforated at Ixittom, and standing upon receivcia sunk in the ground, are placed 
twi-uty-five or thirty In a row, between walls about nine inches high, the ^ce be- 
tween the pots being filled with coal, and the fire lighted with brushwoocL Hach pOt 
holds about 46 kilogrammes of ore, and in forty hours four meltings are made, suffl- 
cLent to fill the rt*ceivers. The advantages of this method are that it saves the ex- 
pense of erecting a furnace, and may bo carried on at any place to wlilch the Ofe and 
fuel can be most easily transported. But it involves a largo consumption of ftiel, and 
is therefore advantageous only where fuel is very abundant. At Malbosc the con- 
sumption is 300 kiJogramines of coal and 40 kil. of wood, for every 100 kiL of crude 
antimony produced. 

Another method, somewhat different from the above, consists in heating the conical 
pots l>y the fiaine of a reverberatory furnace, the receivers Vasing “placed bdow the 
lu-arth. This arrangement is also in use at Wolfsberg, and at La Lincouln jn Haute 
loire. At Schmdllnitz in Hungary, the pots are likewise heated by a reverberatory 
furnace; but the melted sulphide runs through a channel into receivers placed outside 
the furnace. Tfiis arningemeiit elfects a considerable earing of time and Ihel, as it 
rmiblcs the pots to be filled and emptied without putting out the fire. 

It) some localities, cylindrical tubes are used in preference to conical pots, as being 
jiioi-o durable. An arrangement of this 

kind is in use at Malbosc. The ore Fig, 71. 

in placed in large cylinders u a {fig, 

71) each holding 600 pounds of oro, 
and four being heated in each furnace. 

'ilte cylinders are perforated at bot- 
and stand cn plates pierced with 
lorresjxuiding apertures. Beneath these 
jiiatcH, in the chambers c c, are placed 
earthen pots p p, to receive the melted 
sulphide. The process lasts three hours, 
and when it is finished, the residues are 
taken out, either through the top of 
the furnace, or through apertures in tlie 
lower part of the (minders (which are 
stopped with clay daring the melting), 
and then tlie cylinders are refills. 

With this arrangement, 64 pta. of coal are 
consumed for every 100 pts. of crude 
antimony produceiL 

Lastly, the oro is sometimes heated on 
the hearth of a reverberaioiy furnace, witbont the use of eitlmr pots or cyHiideri. 
The furnace has an inclined hearth, and the fhsed sulphide flows into a receirer 
placed outside. This arrangement, which is in use at Linz, in Prussi^ and at Bami 
in La Veifd^ cflects % great saving of friel, and likewise dues away with the expeiuM 
of the contatning vessels ; but it involves a considerable loss of sulphide of antunony 
by TolatilisatioD, and ia thmfbre adopted only where fhel is very dw. 

^ Whatever anangement nay be adopted, it is important that the ore be not brokeil 
into very small |deoea. If it be too much divided or pulverised, the melted sulpliide 
c^ee together with the gangu^ and M TSiy diiBenlt to separate. Too great beet wunt 
sleo be avoided, ae at a white heat, swtjmtde of antimony is perlhctiy volatile. Tbf 
neidues always contain 10 or 12 per onii. of antimony, j^urtly as Mtlphide^ ^ 
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sidphide ib!^^ c^stalliies in prisms belonging to tbe tiiWeti^llii^^ 
With totip-sided sumnuti resting on the lateral faces. Cleattige very distincfi^ pSi^IIe] 
to the shorter diagonaT and the principal axis. Specific grarity 4-fil6 (Hanj) ; 4*62 
(Mohr). Hardness -*2. It is seetile, and in thin laminae slightly flexiMe; fracture 
snbconchoidal. It has a metallic lustre and lead-grey colour, inclining to steel-grey, 
shltejtimes iridescent. Produces a streak pf the same colour. The fused sulphide 
generally forms blackish -grey, radiating, specular masses, haring a steel-grey lustre. 
It is easily j^ible, thin splinters melting even in the flame of a candle. 

The native sulphide is seldom pure, being generally contaminated with lead, copper, 
iron and arsenic. Wittstein found in four samples of criule animmy: 


Antimony . 


. ^2*48 

b. 

69*67 


tf. 

71*98 

Lead . 

Iron 

• 

. 10*40 

. 0*70 

11*96 

0*63 

0*31 


Arsenic 

Sulphur 


. trace 
. 26*42^ 

trace 

'27*74 

29*43 

28*02 



100-00 

100*00 

100*00 

lOCNOO 


-rr 

ft. Iridescent, from Kronach in Upper Franconia; 6. Non-iridescent, from the same 
lorality ; c. Hungarian ; 4?. English. 

The best way of detecting these impurities is to heat the finely pulverised mineral 
with strong hydrochloria acid, till it is completely decomposed. Lead, if present in 
. apy considerable quantity, will then separate on cooling, as crystalJised chhpnde; wa^ 
added to the solution will throw down oxychloride of antimony, while iron, copper, 
arsenic, and a little lead will remain in solution; copper indy then be detected by 
ammonia, iriwi by ferrocyanide of potassium, lead by sulphuric acid. 

^ Todetect arsenic, the pulverised mineral is deflagrated witli nitrate and carbonate 
qf sodium ; the fused mass boiled with water, the filtrate acidulated with hydrochloric 
acid, and sulphurous acid added to reduce tho arsenic acid to araonious acid, which 
may then be precipitated by sulphuretted hydrogen. The precipitate, however, may 
likewise contain sulphide of antimony, and must therefore be further examined. 

To obtain purg cry’stallised trisulphide of antimony, it is best to prepare it 
ficially, by fusing pure metallic antimony with sulphur. 13 pts. of finely pulverised 
antimony arc mixed as intimately as possible with 6 pts. of flowers of sulphur, and tho 
mixture is thrown by small portions into a heated crucible, care being taken not to 
add a fresh portion till the combination of the last portion is completed, which may 
be known by the incandescence which accompanies the action. When tlie whole has 
been added, the crucible is covered and left to cool. If any portion of the antimony 
remains uncombined, it will sink to the bottom of the fused mass, and may easily be 
separated from the sulphide after cooling. It is sometimes recommended to remelt 
the product two or thr^||itime6 with smaller quantities of sulphur. 

TJio reactions of crystallised sulphide of antimony are the same as those of the 
amorphous sulphide, to be presently described : but they take place less quickly, on 
account of the greater cohesion of the mass. 

Amorphous Trisnlphide of Antimony^ Mineral Kerme$, — Brown-red sulphide 
of Anth^any^ Pidvia Carthtcsianoriim^ Sulphur stibiatum rubrum^ Stibium stdphuratHm 
rM^rteiC— This substance is prepared by a great variety of processes, some of which 
yield the pure trisulphide, differing from the native compound only in colour and in 
the ateenee of crystalline stnicture, while others yield the sulphide more or less mixed 
with the trioxide, and sometimes with other antimonial compounds. 

' «•’ The pure amorphous sulphide may be obtained by the^ following processes.— 

1. By keeping the grey trisulphide in the fused state for a considerable time, and then 
cooling it very suddenly by throwing the vessel in which it has been melted into n 
large quantity of cold water (Fuchs). — 2. By dissolving the native sofa^dein potilsh* 
ley, and precipitating by an acid (Liebig). — 3, By igniting 1 pt, of crude antimot^ with 
3 pts. of black flax (a mixture of I pt. nitre, and 2 pts. cream of tartar), boiling tho 
igmted mass with water, and mixing the clear filtrate with an alkaline carbonate 
whereby tho pure amorphous sulphide is precipita^ (Liebig). — 4. By the doeom- 
positiem of alkaline sul^antimonites (livers of antimony). — 3. By treating minerm 
Kjami^^^oontaining oxide of antimony, with tartaric acid, whereby the oxide is 

Kermea etmUdning oadde is obtained by the action of alk i e s on 
eolphide,. The oldest method, given by La Lig4ne, consists in boiling the flaw 
pairsdsed grey 8al{dt^e with the solution of an alkaline carbonate, and leevi]^ tSe 
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PhamuMOPO^ Afl TOweTer, cr^staUiHeA siijpddd of r 
it ia Jitter flnt to cckrmjhi . 

" JSide. and prepare thO'kermea &om the The j 

by Xiebig (Handw. d. Chein, 2‘* Aufl. ii. 121)* 

1 pt ortJie pnlveriaed grey svdphide ia boiled for an hoar with Impart of aolijt 
eanatie potaah and 30 pts of water (or 1 ptf 6f the grey ihlphide with 4 ptik potaah^ 
of apeeuic gravity 2‘2d and 12 pt& Water, or 1 aulphide^ with 1 pt oarb^w t^ 
potaesiain, 1^ pta. slaked lime, and 15 pts. water), and the altered iiqoid U ^SEted .. 
{dth dilute sulphuric acid, whereby a^rphous sulphide of antimpt^ ia pieeipitated. 
The thickish nuxture is then divided into three pjirts, and covered with^water ^ 
separate vessels; the precipitate is left to settle; the water is decanted; ana t(Mb - 
water added till the precipitates are well washed: they are then plac^ upon three 
M'parate filters. 1 pt of anhydrous (or 2*7 pts. of crystallised) carbonate oT podinm is 
next dissolved in 34 pts. of water ; the precipitate from the first of the three filters is 
introduced into the filtered solution ; the iit^uid is hailed for an hour; and tho ^lot-ipi^ 
wiiich has tiiken up all the sulphide of antimony, is left to cool, whereupon $ deposits ; 
kennes. The supernatant liquid is fibw.b^uglit to the boiling heat, the second 
cipitate is ^dea to it and treated in the*^same manner, and finally the Mpe 
processes are fi^peated with the third. ^ The finest coloured kermes is deposited IKth 
the second boiling. The precipitates are Washed with cold water: their weiglit after 
(Irving, amounts to nearly the half of the grey sulphide used^ [For the rationSe blT the 
proceas, see Decompositions of ScLPUinn oF Antimony, p. 838.] 

The solution obtained by boiling the my sulphide with caustic potash OF^ jpodii^’^^ 
deposits kermes on cooHiij;, provided the ukaii is not in mat excess ; and by boiMl|i|^i 
tiro mother- liquors remaining after the deposition of the kermes with the undissbltteV^ 

P ortion of the grey sulphide, fresh deposits, smaller in quantity, nasky ^be 
Acconling to Dnflos, the solution i btaincd by boiling IdO pis. of sulphide to 
a quarter of an hour with a solution of 30 parts of hydrate of potassium in 30fi ]iiU. 
of water, deposits on cooling 25 pts. of kermes ; a second boiling of the mo^her^Umto 
witli the uudecomposod grey sulphide yields 10 pts.; a third yields 2*3 pta.' ^|8e 
hU' oeasive deposits tlius fonned arc continually richer in oxide of antimony. 

A solution containing so much alkali as not to yield any deposit on cooling, yields 
a precipitate of kermes when carbonic acid gas is passed througli it, and afterwards 
an additional quantity when treated with strong acids. The precipitate thus formed 
generally contains a little oxide, and always a sulphantimonate of potassium or sodium, ^ 
of the form K‘'‘S.Sb'‘^S*, because, according to IL Koho, part of the antimony is oxidist^d 
by the air, and gives up its sulphur to tlie trisulphide of antimony, thereby convelti^f^ 
it into pentiisulpliide. . 

Kennes may likewise be obtained by boiling sulphide of antimongr with potash^fEy 
and sulphur, or by boiling a solution of sulphuntimonite of sodium with metadio afihr« 
loony. There are also several other modes of prepamtion, for which we must Feto 
Gnieiin's Handbook, vol. iv. pp. 340 — 349, where they iirflfi^Jlr described. . The 
parations obtained by these different methcKls, are, however, % no means idenlti^; 
they contain variable proportions of oxide of antimony, and rnsny of them kkej^ 
contain sulphantimonite of potassium or sodium. 

Propertits.’-^The pure amorphous trisulphidi* obtained by Fuchs's method 
fissur^ moss, harder than the native sulphide, having a ccmchoidal ft 
colour, or in thin pieces, dark hyacinth>red, and yielding a rcd-bromi 
what lighter in colour than ordinary kermes ; its specific gravity iil 
amorphous sulphide prepared by other methods is a brown-reA Ito^ 

|K>wdcr, which makes a brown streak on paper. It is lighter than the native 
and does not conduct electricity. It contains water, which it gives off bel^ 

When treated for some time with cold hydrochloric acid, or wfacii 
slowly eooleA it is converted into the crystalline sulphide. 

Or^iuuy kermes containing oxide is a brown-rm loose powder, whidh 
blockish-grey when washed with boiliiig water. By fti^'on and slow cooliiigt S Is eon* 
vei^ into a slag-like mass, totally dwtutc of cxyskalline structuxp^ • p ciopjat y % 
which it differs essetaially from the pure amorphous sulphide. ^ 

HydrnUd TrisulpMU of AnUtnony , — The amorphous sulphide is otitained ki Jt 
hydrate W passing sulphuretted hydr^en through sn add solution of to 
^ through u solu&n of tortar-emetic acidulated with ocetic adA The piwsiilfllytf-fll 
fi>rmed|is a sohitUHi of to trichloride oeiduhited with tartaric acid, is a 
w hydbutcd^ifiphto with oxychloride; baton continuing to passaged to 

daitcr in colour, and is co^Wtely converted into the hydrated , 

l"^pitaic obtoneA by dnco p ipos ing a stfiution of sulphantimoikatc of potoriM 
•ulphuriendd k pito toThydnitcd sulphldsw " y 







dzT has aflne darie 

waii^wti6& modetiE^^ Wtdd^Orate it completeljr^ s^ll&es atliM 
«f 2i(^ CL it then tami blaclu j{b temperatui^ it ihtfiff thii 

<9yi^aDine^ v ' 


S VSether it%i|||m^ c^stallme or ih thj^moiphowil^tdir^ d ^ 

__./ acting lew ^aceonnt of its doper atll^ 

aiiiorpbhiiPrpnl{>mde touched ^th* a red-hot bod jrl>iiiiui a^ j u w at> 'with^ 
a wnunmi^^gbt^ producing sulphi^xius anhydride, antinionitms oodi^, and antxmonio ' 
onde ; 1^0 gr^ sttfpld^ abore iu melting point, bnrns lirith a Idne ilasie, 

yieldiiig same products.— 2. The i^cently precipitated lunorphoas ralphide is de- 
OQifipoSa ^ boiling for sdife time with^ I^e quantity of yielding hydJ^ 

snlj^uiiB acid and antimonious oxid^, ^ddch diaiDlv’e. Vhpo^ of water pas^ over 
re^ot sulphide of antimony likewise ^elda t^droaulphune acid an^antimohious 
oxide, th^aiter combining with undecodaptoeed sUlphidh, and an orange^ellow body 
sublindiHPr ' ) ^ - 

3, with of heat, the trisnMide eonildetely, Aferming 

trj^lo^id^f antimony and chloride of snlpniu;^'— 4. Heatea in h^dTochloric add goM 
or boil^ with the strong aqi^eous a^d,; it giVes ^off hydnoeulphtirie add, ind forms 
trichloride of antimony, which in the latter case dissblves m the excess of acid.4« 
With stdphurie acid^ it yields eulphurotts anhydride ahdfntimonious sulphate, 
the a^phur beang separated as a^compact mass. — 6. with ttrdtg Mitric acidy it forms 
r hxide And sulphuric acid, part of the sulphur, however, being set free and 

renlip^l mixed 'with the oxide. — 7. A^M^rtgia containing excess, of hydrochloric . 
' acid ^Ssolves the trisulphide, forming trichloride of antimony and sulphuric acid, 
and leibTing a residue of sulphur often mixed with a little antimonic acid. — 8. The 
trism^de ^ited with nitrate of potassium or sodium^ is violently oxidised, being 
completely converted into sulphuric and antimonic acids, if 17 pts. or more of nitre 
are used to 10 of antimony ; with less nitre, a compound of sulphide of potassium, 
sul|dilde of antimony and entimonic oxide is likewise formed. — 9, Many metals, r. g. 

potassium^ and aodiwji (or a mixture of carbonate of potass ram or sodium with 
charcoalj, dec^pose sulphide of antimony at a red heat, thp resulting metallic sulphide 
sometimes uniting with undecomposed sulphide of antimony; if. on the other hand, the 
lieduJ^metal is in^ixeess, it sometimes forms an alloy With the reduced antimony. 

caustic of kalis decompose trisulphide of antimony in the same manner 
iiiiha Wetmid in the diy way, forming trioxide of antimony and a sulphide of the 
aficjBtH-iiMihL; 

bf^ producta of the action vaiy according to the state of Aggregation of the 

sulphide, the tempeniture to which the mixture is exposed, aud Ibe pro- 
two substances present.^ a. When umoxphouB sulphide of gntimony, 
Kthe wet Way, w triturated with cpld potash-ley, it dissolves com^etelp up 
[ poihti^ithe sulphide of potassium formed as aliove, taking up undeci^posea 
and the antimonious oxide dissolving in the potash.* This 
. I oouiams sulphantimonite and antimonite of potassium. When treated with 
ij ||. yields a precipitate of antimenions sulphide, without evolutioi^of sulphuretted 
lause the quantity of that compound evolved by the decomposition of ^ 
— dum present, is but just sumci^t to convert the trioxiae of an^jpMUigr 
But if the addition of the trisnlphide be continued, a point % 
i at which the alkaline liquid cannot take up any more antimonite of 
r fiurther quantity of antimonious oxide then formed Remains Imdis- 
* ko4 potash, partly with antimonious sulphide, Ibnnbig the 
r ihlfififomt (328). The solution thus formed contain^ < 

Uon of sulphide of potassium than the complete sidution, 

^ to the quanti^ of ojtide left undissolved. This excesf of. 

su^hidntV pi^aM^^ takee^ an additional quantity of sulphide of antimony, ii|il4P 
Ihe Jmated with lieids, evolves sulphuretted hydrogen, besides givii^ a 

nilpitale ^of Wtim 8a1(>hide. The compitie solution, mixed witA camnatn <if 
4 Unp 6 muro, or with acid carl^nate ^ potassium or sodium, yidds a dirty blbwn 
^ t oonsisting of 3 at antimonious milphidewith 1 at. snl{hids 'of j 
I portion of the alkaline sulphide aW> remainid|E in the3il^u4ii.x^ 

— antimonite is likewise precipitate beeanse 
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^ ide in exeeqp is digested with the 

as in the cold, exciting that tlm sidpl^da 
tion of autimonious sulphide, ^ excess of wbrnir inib* 
seduently deposited on cbcding r not, howsT^^in the pure wthte, but in OQAB||satio% 
partly with a^aline sulphide, partly with antiliibnioua oxidoi the oomposiiie^^ 
^cipitate beiM, in fact; similar «to that which is produced by alloiline bios^ftai^ 
in a cold-pre|Mi)(ed solution of antinfienious sal^hiae. The supcurnatant 
with alkaline bici^boiiates a precipitate of alkaline sulphantinu^te ftee f 
Ail pieeinii^tes aboTe-mentioned are altered in cpmpo|j||ion by' pSo 
mentwith cold water oontaining air, ojcwith boiling water, antimomons < 
dissolTed oiit» in coaibinatiQn wi al^i^andpuredark-eolouied antiitianious iu 
remaining. ,, , " • 

c, Ciystalline antisoiflidoiiB sulphide is acted upon by cautUc alkaiU in theaan^ 
as the amorphons ndphide, but less easily, and when the action takes place 
eoUl, a resioue of emitf anAVnonst is alwava left, whatever may^ thef(M|^ 
nlkali present. The ra|dtiug solution exhibits ^the reactions of the intampUkim 
al'Qve-meutioned. . ^ ^ ^ 

11. Alkaline carbonc^ea, fused with antimonious sulphide, either erystallj^ pr 
niiiorpkoua, give off carbonic anhydride, and form antimonious oxide and ajsulpiirae of 
the alkali-metal, the fbsed mass containing these products iu combination with excess 
of antimonious sulphide and alkali. With 4 pts. antimonious ^ulj^ide abd 
alkaline carbonate, an easily fusible moss is formed, which, <after cpoHiig, haraii IpOii* 
grey colour, is perfwtly holhogeneous, and.i^ Tiot attacked by ,waii¥^ ^ A fuixtttee of 
2 j/ts. carbonate to 1 pt. antimonious sulphide requires a strong rod heat to melt it| 
and yields on cooling 12 per cent, of metallic antimony, together within ^ 

liver of antimony, which deliquesces in the air, and is p r/tctly acMde in 
st-parution of the metallic antimony results from decom)K)aitioD of the aUuUia^^l 
Tnouite contained in the mass, part of it being converted into anfir*"’*'^*" ' *“ 
inU^rmediate proportions, the mixture fuses more readily, and the — 
antimony is less soluble in water as the proportion of antimonious si 
The insoluble restdfiie contains the excess of antimonious sulphide in cemlf 
a portion of the alkaline sulphide and with antimonious oxide ; it is, m 
composition to the^roci«s prepared in the wet way, but generally cm taini: 
of antimony. Water acts upon these livers of antimony exactly in the i 
as solutions of the caustic alkalis act iqpon antimonious sulphide uadwf^ 
eircumstmees. < 

Sotuiums of alkaline carbonates do not act on antimonious salpliw i||l ^MM 
at the boiling heat, they dissolve the amorphous sidphide reMlily, 
slowly. The hot solution, prepared out of contact with the air, epn^'”^” 
products as the complete solution of the amorphous sulphide in cold p<^ ~ 

It becqmes turbid on cooling, and deposit a grey-brown precipitate.^ 
sition to that which is produced by alkaline bicarbpnatee m the cold 
just mentioned, cpnsis tm g, in fact, of two compounds, vis. an klkalij^ 
and an QO^ulpbKle of antimony. The liquid, after the eepamtion 
■stains a certain portion of alkaline sulphide. 

*' If the solution of antimonious sulphide in hot alkaline C8i!bon|itahif 1 
time in contact with the air, pert of the alkaline sulphide becoi^ 
up part of its sulphur to the dissolved trisulphide of antiniDn^ tM . . 
into pentasnbdude, which remains la solution after coding;^ The ^u 
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JCarmes prepttB|d in this mi^ezv etmtnini, : iJI' ^ 

c<^«iit qnantit^f antimonioiis oxide, because ^ 

, the portion of sulphide of antlnionjr attacked bj them pmn into the soluS!^ 

without leairiug; any residue, and consequently the entire quan&y of p ro dnctfl 
^formed is likewise contained in the liquid. (Li e big, Handwort d. Ghent. 2** AbfL n 
S12fi— 130.^ _ ^ * V . * “* 

12. By ]^ltion with batata, sironila, Ivne, and other jj^timonioiis snlphxde is 

deeolnpc^ 4 ^ed.in the samd manner ^ae by caustic and carbonated ; the modoeti 

are insoluble in water, and consist of* mixtures of metallic sulphmitimonites with an 
oxysolphide of antimony. 

SiTLPBANTDCONiTBSL' — Trisalphide of antimony is a sulphur-aciA^uniting with Tm^f p 
metallic sulphides. Some of these compounds, containing the sid^ides of the hearr 
metals^ are natural minerals, viz, : ^ 



Zinkenite . . *, 

Hiaigyrite . 

Antimonial Copper-glance 
Plagionite • 

.^Jamesonite • 

^ Beather-ore . , 

* Boulangerite. 

Pyrargyrite . 

Boumonite • 

Fahl-ores . • • 

Stephanite . 

Polybaaite , 

Berthierito . 

Variety of Bertluerite, from 
Variety of Bertliierite, from 


3(Cu*S.Sb«S* 


PbS. Sb»S» 
Ag*S. Sb*S» 
Cu«S. Sh'-'S* 
4PbS . 3Sb=S* 
SPBS . 2Sb»S» 
2PbS. Sb*S* 
aPbS . Sb*S» 

3Ag«8. 


Anglar 

Mttiturot 


3b*S*) + SPbS.aSb’S*) 
2^nSN /Sb»S*N 

•^VhW + WSV 
. 6Ag*S. Sb*S» 
9fAg*S\ /Sb*S«\ 
•^VCVS/ + KAs^O 
. 3FeS . 2Sb*S» 

. . FrS. Sb».S* 

. SFeS . 4.Sb‘-‘S* 


In these formulae, the elements whose symbols arc written one above the other, 
replace one another isomorphously. [For description, see the names of the several 
miucoals.] 

The most important of the artifically prepared sulpliantimonites are those which 
contain the protosulpliides of the alkali-metals : they are called Livers of Antimony 
Antimomi). They are obtained, mixed with oxide in various proportions, by 
ihsing the trisulphide of antimony with alkaline carbonates, or metallic antimony with 
sulphate of TOtassium ; and free from oxide, by melting sulphide of antimony with 
alkaline suljwates and charcoal, or with alkaline carbonates, sulphur and charcoal, or 
agUin by lasting sulphunt intonate of sodium with metallic antimony. 

These i^^jne sulnhantiiuonites, or livers of antimony, are easily fdsible, and deli- 
quescent or inalterable in the air, according to the proportion of the alkaline sulphide 
and the an^iibpiiious sulphide conmined in them. They are more or less solnlue ia 
water, wh^ the ratio of the antiinonious sulphide to the alkaline sulphide is less 
than 2 : 4 ; insoluble, when it is greater. 

In the fused state, they are black or black-brown and crystalline. Their solutioai 
blhl^ with pulverised antLmoDiou.s sulphides, dissolve an additional quantity of it, 
which on cooling is deposited as a flocculent precipitate containing also the alkaline 
sulphide. Acids added to tlio solutions throw down the amorpheus sulphide; so li£s« ^ 


sulnhantimoiiite^of potassium or sodium; the solution mixed with an alkaline moAo- 
car Donate, remains clear at fiiiit, but solidifles after a while to a tremulous jelly fw* 
tuining the same compound. The same effect is produced when the aqueous soliAion 
of a liv^ of antimony is diluted with a laige quantity of cold water. The solution of 
a liver of antimony changes veiy quickly when expom to the air, a sulphantimonate 
beipg ibrmed in solation, and a portion of the trisulphide of antimony being seiMunited 
in browii metallic filila or as a pow'dor. ^ : 

pBXTasux.PHtiws OP Antivont: Axmco^nc SuLPinDB ; Amemnous SounOll* 
VtltpBlc Acn>.— j^sP/pk/4^ q/* Antmontf ; Gofden SiUphurti cf Antimony \ Sniyfm 
or — This compound is not ilMfend native. It ia 

paiwd: L hydrogen through a iBixtaii||^ the psBita d ikoido. 

with iqdelr antimonie oxide suspeiBi|d in 


decoiki|MNiiBg the eoiu 


ntimonate of an alki^HnOtM with 
le sulphide of sodiiuO is dsenmpnsod, a 




of th« albilt ij||iitt«Mtt«d liydiogeit, and pei^ 

gnJjdiido » piwcipitat^ : , % . -- ' 

at{a,^iSb»*+?^& >A aXaa + SSW + Sli^. ' ^ 


fiulpbtt&timuuaio 
of Kodium* 


[For divfc^ aee Gmdi3|^ 'Handbook, It. 3d5f%kndw6rterb. 4j^ ii^ 

^^JPentamilphidd of antimony ia a yellowish-red or amlomejiji^ SiUMi' 

without any trace of cryeUUiue structure; it has a ym lbeble odj(^ar of amj^ur, a 
Bweetish sufphuvous tast^ and ia^alightly emetic. Heated iA close Teasels to the boil- 
ing point of sulphu^it is resolved into the trisulf^de jmd free sulphur. It burns 
with name when heatki in the air. Exposed to the air fa the moist state, it is partly 
converted, after a while, into the trioxide of antimony;— Hot K^drochlorio acid decom- 
pofics it, giving off sulphuretted hydrogen, separating^ sulphur, and to^ing^Uil aqueous . 
Elution of tuchloride of antiinoiw ; cold hydrochionq acid impara to it a gi^iah 
colour, perhaps in consequence of we formation of the trisulphide and KberatibU of 
2 at, sulphur. — Triturated, but of contact of air, with aqueous ammonia^ it dissolves 
completely, more easily in. a warm acid than in a cold solution, and is precipitated 
tlierefrom by acids. If the pentasiilphide contains trisulphide, the latter^Mmaina as 
a brown residue ; a yellew or white residue, on the other ^nd, indicate thiipreseBce 
of sulphur or of antimonic oxide. — The pentasulphide disaolvea readily in po^isirdc 
soda-iey, also in sulpk/de of ammonium. With a solution of sulphate of popp^ or 
nitrate of cilver^ it forms sulphautimonate of copper or silver, together with axd^onio 
oxide. . \ 


SuT.PHANTiHONXTBS. — Pcntasulphide of antimony is a strong sulphur-aot^ tkiiting 
ro.idily with the more basic metallic sulphides, and forming sulphur-salts, most of 
which have the composition 3M^S.JSb'^8% or M*SbiS* or 3M"S.8b^S* «» (M")*Sb*0", nna- 
logous to that of the ordinary tribasic phosphaten (M*POM. The sulphantiTnonstesol 
file uLkali-fnctals and alkaline earth-metals are very soluble in water, and cirstnlliM 
for the most part with several atoms of water; non© of them appear to bo sbluldc in 
alcoliol. The HulphantimoitHtea of the heavy metals are insoluble in water. 

The soluble sulphantimonates are obtained : — 1. By fusing pentaaulphiflo of«ntiniony 
or a mixture of the trisulphide and sulphur, with the sulphide of au alknli-metal, or 
with oliiircoal and the carbonate or sulphate of an alkali-metaL If a strong heat is 
iisi-d, the addition of sulphur to the triHuiphide is unnecessary, as at high temperatures 
rliiit compound is resolved into metjillic antimony and the pentasulpliide.— 9. By die- 
Nolvincr pcntasulphide of antimony in aqueous solutions of the alkaline hydxosulpaates. 
— 3. ity dissolving tlm penlasulphide in t he solution of a caustic alkali, or of an aUqjJine 
cnrhotiate at the boiling heat ; in which process an antirnonate of the alkali-nis^ 
is fbrnird simultaneously, and deixjsiUnl ua a white powder. — 4, By decpiltposillg tiUI 
iCjUi'ous gluttons of tlie alkaline antirnonateH with hydrosulphuric acid, | of the anti* 
M)**ny lading thereby separated as pcntasulphide, because the alkaline antiniiMtiS are 
monobasic, and tlie sulphantimonates tribasic : 


1<K*O.Sb*0») + 18H^ - 3K*S.Sb=S' + 18U*0 + 2Sb»8», > 
or: 3KSbO» + 9H*S « K»Sl>S« + 9lPO + Sb*gft ' ^ 

The insoluble sulphantimonates are prepared by gradually addino: a solution of g 
metallic salt to.ia solution of the sulphantimonate of an alkali-metal, that of 
being generally used, keeping tlie latter in excess. If, on the other hand, the sdutiba 
of other salt is in excess, and esp^ially if the liqxiid be boiled, the resulting pre- 
cipitate contains oxygen, and the liquid is found to contain free seid. The precipitates 
thus formed g^erally contain 3M^.Sb’'S* -»• 6M=*0, or rather 8M*S + 8b*<r, beiu|^ jn , 
fact, mere* mixtures of a metallic sulphide with antimonic oxide, the latter being 
rvfaiaed in them by its insolubility. (Rammelsberg. Pof^. Ann. lii. 198.) 

THe soluble sulphantimonates are ammposed by acids, even by cs^dvonie add, 
^th evolution of sulphuretted hydrogm. Many of the insoluble salts are deeqinpoied 
only by nitric acid and aqua-regia, sulphantimonates of the alkali-metels are not 
(iceompoeed by ignition in dosed vessels ; those of the heavy metels give off ea^itr 
at a red heat, leaving snlphantimonites containing 3M*S.Sb*S*, 


^^JlfphaniimonaU o/ Ammonium, 3{NH*)*S.8b*9*, or 
^ guesting jNmtesalph^ of eatimony in excess with pan sufaoiiM 
m ^m eseea of efiii^ia\ It cannot be obtained in tlie.ioiSM 
PjM^bolli by finnoHj^ipi^rtA, eiven ont of contect w^:i|||a 
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S8S ANTIMONT : SDlPHA3fBM5a|^ 

eently precipitated prosulphide of antimony in wilphide iN^niq^ and ^ 

eolation witi alcohol, in stellate needles, which, when eaqwped to the 
deliquesce, but become covered with a brown kermes-oolourra film, * 

Bulfhantimonate of Bismuth is obtained by precipitation, but is not 
obtained free from excess either of pentasulphide of antimony or of sulphide of 

Bulphantimonate of Cadmium, — ^Light orange*^,loured precipitate obt^sdhv 
dropping a neutral cadmium-salt into a solution of^ulphantimonate of s^iunu ^ 
Bulpkan^monate of Calcium, Sulp^tihids-eefkieps, Ca^b^,— Produced 
like the barium-salt, but cannot be crystsuised, A mixture of this compound with 
excess of lime and sadhso of antimony, constitutes the pharmaceutical ^^lepHTHtion 
known as Calx antimonii cum tufphure Hoffmanni^ S^pmretUm stihiir9iem%lee,ot 
Calcaria std'churata stibiata^ discovered by Hoifmann in the eighteenth eentuzy, ft 
is prepared by igniting an intimate mixture of 3 pts. trisulphide of antimony, 4 pta* 
sufehur, and 16 pts. quicklime; or 8 pts. of prepared oyster shells, 1 pt antimony, 
ana 2 pts. sulphur. It is a whitish-yellow, yellowish, or brownish-yellow powder, which 
has a sharp sulphurous taste, smells of sulphuretted hydrogen when exposed to moist 
air. and is but partially soluble in water. The solution is colourless, and contains 
sulphantimonate of calcium. 

Sulphantimonats of Cobalt^ obtained by precipitation, is black, oxidises in the 
air, and is decomposed by boiling hydrochloric acid. 

Sulphantimonate of Copper. Cu*Sb*S“.— Obtained by dropping a solution of 
cupric acetate or sulphate into a solution of sulphantimonate of sodium. The solutions 
njust be rather dilute ; the copper-solution must be dropped in slowly and witli rapid 
stirring ; and the precipitate then heated, together with the liquid, with brisk stirring 
all the while. Without these precautions, each drop of the copper-solution, as it 
enters, becomes enveloped by the precipitate; and if the precipitate be thrown on the 
filter in this state, the solution of sulphantimonate of sodium runs away first, and then 
the acetate of copper and sulphantimonate of copper decompose each other, acetic acid 
or sulphuric acid being set free, which then acts upon the sulphantimonate of sodium 
still remaining in the precipitate, setting free pentasulphide of alftimony and hydro- 
aulphuric acid. In this manner, the precipitate becomes contaminated with pentasul- 
phide of antimony and sulphide of copper. — Sulphantimonate of copper, when pure, is 
a dark brown precipitate, which when heated gives off sulphur, and leaves a residue 
apparently consisting of cuprous sulphantimonite (Sb^'S* with Cu*S). Bolling potash 
decomposes the sulphantimonate, separating sulphide of copper and dissolving penta- 
aulphide of antimony, which is at the same time partially converted into antimonic 
aeid. 

^ If sulphantimonate of sodium bo added to excess of cupric sulphate, and the pre- 
cipitate boiled for some time with the liquid, a product is obtained containing 16 aL 
copper, 8 at. sulphur, 2 at. antimony, and 6 at. oxygen, and tlie liquid exHibita a 
■trong acid reaction : 

3Na*S.Sb»S* + 8Cii"SO« + 611^0 =. (8Ca"S + Sb*0*) + 3Na*S0* + 6HW. 

The precipitate thus formed, may, as already observed (sec above), be either 8CuTS,Sb*S* 

+ SCif'O, or SCu'B + Sb^O*. On boiling it with potash-ley, sulphiilb of copper 
remains behind,,md a solution of antimonate of potassium is formed, which giyes with 
acids a white pmipLtate of antimonic acid. On the other hand, the precipitiSl^ whqjl, 
quickly and strongly heated in close vessels, gives off a large quantity of sulphurou 
anhvdiride, but no sulphur, and the residue contains sulphide of copper and pentasul- 
phide of antimony. Moreover the same products are obtained by igniting a mixture 
of 8 at. pure sulphide of copper, and I at pure antimonic oxide, or of 1 at, sulphantimo- 
imte of copper and 5 at. cupric oxide. So far then it is impossible to d^ide upon tiie 
constitution of the precipitate obtained in the manner just desc^be^ But when 
Bulphmrsenate of potassium is dropt into excess of cupric sulphate, and the n^iituro 
boiled, a precipitate is obtained consisting of pure sulphide of copper, the whole of 
the anenic remaining dissolved as arsenic acid. Hence, from the analogy of the 
amenie and antimony compounds, it is probable that the antimony precipitate above- 
mentioned is a mixture of sulphide of copper and imtimonic oxide 

Sulphantimonate of Iron. — Ferrous sulphate dropt into sulphantimona^ of 
•odium forms a black precipitate, which quickly turns reddish-yellow. The sodiuiMalt 
fotina with ammonio-ferric sulphate, so long as the latter is in ezee^ a greenishdivoiftt ^' 
nrecipitatey consisting merely of sulphur and peniasnlphide of antu^sn^ w 

&e iron being zedue^ to ike forrous state and^temaining in the liquiX . 

Bniphantjhp^nSto of Load, Pb*8b^.-— Obtained hgr adj^ngr y^|s - 

to Bulidiantiinonete wiUi the^^Mune precautions Mihoee^eimM w 




It ii a dHrk bxown psadpitate, whi^ is 


^.t^tioii of the copper-aatt It ii a dailt blown pwdpitate, whidi is d 
F irivinir off 2 aiT^liiMir, and leaving snlphantimonite of le^ 8Fb"Sa3bW; of 
the same composition as the mineral BouL^ngerite. Boiling po^tash-ley 
i-^noees it in the same manner as the coppeissalt. A precipitate^ containing STb, 
50, is likewise obtained by addGng sulpbantimonate of sodium to excess 

of acetate of lead. 

qulffkantimonate of jtCaynssf a *»,— Recently precipitated ^^nlphide of 
.,.^moSTdi.»olT« ina^ueoM h^ajowilphttric add, in whi^ magnM^ *|!*{^*^> 
ule magnesia likewise dimWing ; but the compound cannot be made UTerystaHise. 

^ulvhMtimonate o/ Jlfanyansss.— Eod-browii precipitate, produced by mix- 
intf the sodmm-salt with sulphate of manfeaneso; ft oxidises during washing and 
drying. 

SulpJkajitimonates o/ Jlfsreary.— The mereuricsaU, 3Hg''S.Sb*S*, or Hg»Sb^», 
obtained like the copper- and lead-salts, is an omnge-colourcd precipitate. If after 
wushine it be immersed in solution of mercuric chloride, or a solution of sulphanti- 
tnonnte of sodium be added to excess of mercuric chloride, a white substance is formed, 
conUining 3Hg''S.Sb*S* + 3HgfCl* + SHfif'O. This substance is not a mere mixtu^ 
but a chemical compound, which is not attacked by any acid except aqu^r^a. 
Potash decomposes it immediately, leaving mercuric sulphide, and dissolving wtimonio 
and hydrochloric acids. — Mercurous nitrate, mixed with eulphantimonate of sodium, 
forms a black precipitate, whichever salt may be in excess. 

Fiulphantimonate of Nickel — Black precipitate, which oxidises in the air, and 
is decomposed by hot hydrochloric acid. 

Fiulphantimonate of PotasMium^ K*SbS^; in the crystallised state 2K*SM* 4- 
011*0, or 3K*S.Sb*S* + 9H^.— -The anhydrous salt is obtained by ftising sulphi^irf 
twtassium with trisulphide of antimony and sulphur, or sulphate of potassium with 
the trisulphide and charcoal, or by heating one of the potassium-livers of antimoiw, 
in which case metallic antimony separates out. The product is a brown moss, the 
aqueous solution of 4(rhich vielda crystals of the hydrated salt. The latter is, however, 
Wtter obtained by boiling a mixture of 11 pt«. of finely levigated trisulphide of anti- 




hours, and stirr^^ frequently ; then filtering and evaporating. The Iwdmted salt 
forms colourless or yellowish, granular or radiating ciysws, which give off their water 
when heated. i ^ 

Sulpbantimonate of potassium is likewise formed when pentasiupnide of annmo^ 
is boiled with aqueous carbonate of potassium, antimonate of potamiura being 
at the same time, and separating in the solid state. Hot caustic potash-ley dissolve 
the pcntasulphidc completely ; but on diluting the solution, and adding carboimte OT 
ammoniunij a precipitate is formed, consisting merely of the pentasulphidemix^ wiro 
a small quantity of snlphantimonate of potassium. Cold potash-ley of modATMO 
atrength acts upon pentasnlphide of antimony somewhat differently ; the pentasulphido 
loses its colohr: white acid antimonate of potassium (K*0.2Sb®0* 4* 6H*0) remans 

- - . ^ of potassium 

, eonsistinjg of 

^ ciystaUisiiig 

in long needles, which, when exposed to the air, become cf>vcred^ with a kMMClb 
coloured film. Gold water renders these crystals milk-white, dissolving a portion, and 
leaving a whits reeiduo of acid antimonate of potassium. Hot water dissolvM the salt 
readily, and tbe WoUition, when mixed with adds, yields nn orange^oured precipitate, 
consisting of pentifinilj^ide of antimony mixed with antimonic acid. 

StHphantinonate of Silver, Ag*SbS«, prepared like the lead- and ^ppe^lto 
forms a black, perfectly insoluble precipitate, which gives off sulphur wh^ hoate^ 
leaving a fhsed grey residue of sulpKaatimonatc of silver, Ag^bS* , wbidi yicWs a red 
ftowder by trituration.*— By adding sul^mntiinonile of sodium to excess nitrate of 
silver and bqUing for several hours, a prscipitate is obtained containing sfitimmiic oxide, 
which may be completely extraeted mwi it potaeh. 

Sulpkaniimomato of Sodiumt, ^m*8ba* + »H*0. or 3Na*aSbV -f 
Sekii ^4 This salt is prapared hy iSgesUiig at ordma^ 

vmseT that osn Weloicd, and wiOk feeqnmit sturiiig, a auxtans of 11 pts. of elntriated 
trisulphide ^ sesi Lftystallissd ea r finnt e of sodiaDi, 1 ph fioweia of 

sulphur, 5 pts. of of watsir twent^l^ 

hours, the^titd lasteaSaed oCthe rcddi^ drashed iemsial times with umtoti and the 


VoL. I, 
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■olntion .together with the wiieh*weter, is er^nted in a porcelain dish or elesa uon 
pot* tiU a sample melds crystals on oooUxig. The whole is then left to oodl qnietlj, and 
the resulting dystsls are washed sereral times with cold water, and dried in the cr 
better, under a bell jar, over lime or oil of^Titriol. The formation of tho salt is ntiusb 
accelerated by boiling the mixture. (Liebig, Handwort d. Chem. 2** An& li 182, 
For other modes of preparatioD. see Gmeim’s Handbook, iy. 884.) 

Sulphantimonbte of sodium forms tranaparenty colourless, or pale yellow, regplar 
tetrahedrons, with truncated summits, or acuminated with the facea of the rh^bie 
dodecahedron. Its taste is bitterly metallie, and at the same time alkaline. It d!s- 
solyes in 2*9 pts. of water at 15^ C., and the solution is precipitated by alcohol When 
heated, it melts in its water of mstalliaation, and after all the water hM gone oi( 
forms a gri^iah-white mass, whicm crumbles to a bulky lewder when exposed to the 
air. At a commencing red heat, it fhses, without decomposition, if the air be exduded. 
The fused mass is liyer-coloured, and dissolres in water, leaying « small quantity of 
sulphide of smtimony,^ The decomposition of the solution, as weU as of the salt 
by contact with the air, is due to the action of carbonic acid, but is not complete eren 
after many months. ^ The resulting brown precipitate contains snlphantimonate of 
sodium with trisulphide of antimony, and the liquid is found to contain carbonate, 
sulphide, and hyposulphite of sodium, but no sulphate. 

When Bolphantimonate of sodium is added to a solution of tartar-emetic, the liquid 
firat turns itm, and then yields an orange-coloured precipitate containing pentasnlphide, 
trisulphide, and trioxide of antimony, while tartrate of sodium and potassium remains 
in solution ; 


6CWKSbO» + 2Na*SbS^ - eC^H^KNaO* + Sb*S* + Sb*S* -h 2Sb*0* 

This precipitate melts at a high temperature, forming a black metallic-shining mass, 
exhibiting red translucence on the ^ges, and perfectly soluble in hydrochlonc acid. 
Potash deconnposes it, leaving a yellow residue consisting of sulphide of sodium, tri- 
oxide of antimony, and a compound of that oxide with potash. (Handworterbuch.) 

Sulphantimonate of 3trontium,-‘'Prewu^d like the calcium-salt: not crys- 
Ulliaable. 


Sulphantimonato of f/ranium.— Yellow-brown precipitate, obtained by adding 
ammonio-uranic chloride to sulphantimonate of sodium. 

Byklphaniitiionate of Zin<r, obtained by dropping snlphate of sine into a solution 
of the sodium-salt, is an orange-coloured precipitate.wnich dissolves in the liquid when 
heated, and partly runs through the filter during washing. It is decompos^ and dis- 
iolved by hydrochloric acid. 

The precipitate obtained with excess of the sine-salt, has the same colour, but is not 
easily (Stained free from the preceding, even after long boiling. Fuming nitric acid 
decomposes it, with ignition. (Handworterbuch.) 

iurawoirr, SUXiraocnomna OV. SbSCl*. Obtained by slowly passing 
dry sulphuretted hydrogen into pentachloride of antimony. It is a white mystaUine 
body, which melts at a moderate neat, is resolved at a higher temperature into sriphur 
and trichloride of antimony, deliquesces in moist air, and is decomposed by water into 
sulphur and trichloride (? oxychloride) of antimony ; with aqueous tsrtaric acid, it 
yields a precipitate of sulphide of antimony mixed with oxide, (does, Ann* CSi. 

Phys, [3] XXX. ^4.) 

Other sulph^olorides of antimony have been obtained by B. Schneider (Fogl^ 
Ann. cviiL 407). Finely pulverised trisulphide of ^antimony dissolves in 14 or 15 
times its weight of the melted trichloride, without evolution of sulphuretted hydfOgCBb 
and the light brown solution solidifies on cooling to a yellow crystalline inasa» By 
pouring off the still remaining liquid at a certain stage of the solimfication, the eamt> 
pound may be obtained in regular eiystals (rhombic prisms bevdled at the sods with 
a maerodiagonal dome), containing 8VSC1^6SbCl^ It is veiy deliquesoent, and is 
decomposed by a huge quantity of water, with separation of a yellow powte ; by 
proloi^^ heating, it ia resolv^ into volatile tric^ride of antimony, and a WmA 
residue of sulphide. It is decomposed by absdute alcohol, out of contact of rir, a 


lam quantity of chloride of antimony and a little of the sulphide dissolvi^ ai 
recmian-yellow amorohous substance being left, containing 2Sb&SL89b*^. TOw com* 
pound » decomposed, by heating in close vessris, into trichloride and ^daniplilds of 
of ax^timoiiy, bIm by the action of dilute kydroehlorio acid. 


. . SbSL-^ThiaeonqponpduobtaiiioAil^^^ 

•dlTiiJlg triiro^^de of antimony in the melted tri-iodide. It has a brilJtaBi 
lustre and vM'^hrown colour, oppem led and tnnqpucent. under tiie inicftweoiis^^.l^ 
yields a pesrds* of a fine cheny-ied eoloiir. (H 8 ohn.eidet» Lfr. 

422 ; H 4 p, Chim. pure^ u. 828 .) 



A17t1iiOHT-& m 

^611 A liiiztaM of equal Darts of Mine and trini^hide of antimoi^ Is stoarlr 
heated in a retort^ an iMCMnupbide, probably of the saine oompositioii, xiaM in red 
TaDonn, which condense in the receiTer. The same body is finmed Subliming a 
mS nTc of 24 pts. antamonv, 9 pts, sulphur, and 68 pts. iodine, or of 2 pU. iodine and 
9 pts. iodide of nilphur. ft forms shining transpSMt, blood-i^ needlei and laminto^ 
which melt at a gentle heat, and sublime more easily than the iodide of antimonT. It 
has a pungent taste and repulsiTe odour. It is decomposed at a strong heat, mso by 
chlorine and by water. Henry and Garot (J. Phann. jl 611), assigned to this pro> 
duct the formula but this ts doubtless incorrect. 

^inSKOSnr-RABgCJUWit omciAWlC. Antimony combines with al<»hol- 
radicles in yanous proportions, forming compounds whi^ themselTes act like sim^e 
radicles, uniting uath chlorine, oxygen, sufphiir, foe., in the same manner as the 
metals. Some of these bases are formed on the type of ammonia, NH*. containing 
1 antimony. united with 3 at of the alcohol-radicle ; others on the tyfM NH* ; and a 
compound of antimony with 'amyl is known containing 1 at antimony with 2 at. amyl. 
The names and formuln of the antimony-radicles at present known, sre given in the 
following table : — 


Antimonides of Amyl ; 

Stibdiamyl ...••••• Sb(C*H'*)* 
Stibtriamyl or Triamylstibine . • • • Sb(C*H”)* 

Antimonides of Ethyl : 

Stibtriethyl or Triethylstibine • . . . Sb(C*H*)* 

Stibetbylium or Tetrethylstibonium • • • Sb(C*H*)* 

Antimonides of Methyl : 

Stibtrimethyl or Trimethylatibine . • • SWCH*)* 

Stibmethylium or Tetramethylstibonium • • Sb(CH*)* 


The existence of pentethylstibine Sb(C*H*)* and pentamcthylstibine SWCH*)*, has 
aliio been rendered probable by the recent experiments of Mr. Bnekton (Chem. Soe; 
Qu. J. xiiL 115). 

The compounds containing 8 at of alcohol-radicle are obtained by distilling the iodidea 
of the alcohol-radicles with sntimonide of potassium or sodium, or the action of trf- 
cliloride of antimony on sine-ethyl. They are liquids which volatillM without decom- 
position, and rapidly absorb oxygen from the air, with g^reat evolution of beat,SttAcient 
m the case of the ethyl- and methyl-eomimunds to j^oduce vivid combustion. The 
compounds containing 4 at. of ^cohol-radicle are not known in the free stete; but 
their iodides are obtmned by treating the corresponding compounds oontaiiiuig 8 st. 
alcohol-radicle with the io<udes of those radicles ; and theee iodides when treated 
with oxide of silver and water, yield the hydrated oxides of tiie same ra^des, which 
are fixed bafws, having a strong idksline reaction, and uniting readily with s c a d s Uks 
the hydrates of potassium and spdium. In thi s res pect, they resemble the oomspond- 
ing nitrogen-bases, hydrate of tetrethylxum, N(C*H*)*.H.O, foe. ... 

The antimony-radides containing 4 at. of the aloonol-radide, are monatemu^ unttiu 
with 1 at chlorine, iodine, foe. ; but those which contain 8 at aloohol-radielc, stibtyt 
ethyl, for example, are diatomic, wwitin g with 2 at chlorine, iodine, foe., and with 1 at 
oxygen, €.y. 8lxC*H*)*.Cl*, SKC*H^, dec. The same law holds good with reaped 
to other organo-mctaUic bodies similarly oonstitated, aisentriethyl, for example : but it 
does not extend to the coneBponding nitrogen-radicles, sudi as triethyJamine, tri- 
methylamine, foe., which, inde^ do not nnite directly with oxygen, chlorine^ iodine^ 
foe., but combine with hydrated adds in the same manner as a mmon ia. 

Jtatlaiwaldeu of MMyh miiMijls.* 

TRese compounds are obtained by the aetioD of iodide of amyl on antime n i d o of 
potaemcin, the process being conducted aimilsriy to that for the prepamtioB of stib- 

«thyl(p. 841). After the actioii has ceased, and the exoera of Mfide of amyl dis- 
tilled the residue is either distilled in an atmosphere of earbonie anhydride wfaeieby 

a distal^ is obtained oontaining atibdiamyl; or the produdfo exhausted wfthetfier, 
Md the sdhitioB frwed ficom ether by distillstion, in which esse a residue is left eon- 
sudingofatiblrUmyL If the stibttiamyl thus obtained iseontnmfnsted withsmyto 
or iodide of amyl, pure eo mp o n nds may be ptep ar ed frwm it by dissolving ft in 
aiuixtiirsof ethscrnaasleohol; sodingaleoholkbioniuM tOlltsocdiwjQSthni^ to 
be permanent ; pmefaislating the bromiSe of stthtchmiyl by addliig a kni^ 

Wee; eonvertug^a bramide into oadda by meana of oadde of aSvav snapsndidin 

e F. Bortfol.pr. Ciawi.lmr. Wt xk m. 
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alcohol ; precipitating the oxide hr water, and dissolTii^ it in hydrodilorie add and 
alcohol; precipitating the pure chloride bj another addition of water; and fmiag it 
ftom a email quantity of water by heating it to 100^ C. in contact with fhaed chloride 
of calcium. 

STiBDiAMTii. Sb(C‘H**)* *» SbAm*. — The diatillate just mentioned, alter being 
fteed from undecomposed iodide of amyl by re-distillation over antimonide of potassin^ 
gave off at 80^ O. a colourless liqui^ which burnt with a white flame, diffusing a white 
smoke of oxide of antimony. The liquid which then remained was stibdiamyl. It was 
greenish-yellow, heavier than water, and tolerably mobile, with a peculiar aromatic 
odour and bitter taste ; insoluble in water, but miscible in all proportions with alcohol 
and ether. It was not spontaneously inflammable, but when set on fire, burned with 
a very white flame, diffusing a white fume of oxide of antimony. It exploded with 
great violence when heated in oxygen gas, and was decomposed by nitric acid with 
considerable evolution of heat. Its ethereal solution exp9sed to the air, left an oxide 
which absorbed carbonic acid; and the stibdiamyl itself heated to 100^ G. in a 
stream of diy carbonic acid, yielded a viscid liquid, whibh appeared to be the car- 
bonate (SbAm*)*.CO*, The haloid salts of stibdiamyl are gummy liquids; the 
sulphate and nitrate are precipitated from their alcoholic solutions by water, in the 
form of gummy masses, which diy up to amorphous solids. 

Stibtjiiamyl orTRiAMY'LSTrtiNX. Sb(C*H**)* « SbAm*.-~TranspaH>nt slightly 
yellowish liquid, very viscid below 20® C., more mobile at higher temperatures. It has 
a peculiar aromatic odour, and a bitter, somewhat metallic and very persistent taste. 
Specific gravity 1-333 at 17® C. (according to Cramer, Pharm. Centr. 1855, 465, it is 
1*0687). In contact with the air, it does not take fire, but fumes strongly and decom- 
poses. depositing a white powder. A drop of it placed on bibulous paper and exposed 
to the air, becomes so strongly heated as to char the paper. It is insoluble in water, 
but dissolves spariujirly in alcohol, and readily in ether. It does not exhibit any 
tendency to unite with iodide of amyl, when heated with that compound in a sealed 
tube. 

Stibtriamyl is a diatomic radicle, like stibtriethyl. Its oxttie, Sb(C*H**)*.0** is pro- 
duced by slow evaporation of an ethereal solution of stibtriamyl in contact with the air; 
or by decomposing the chloride, iodide, or bromide with oxide of sHver. It is a greyish- 
yellow viscid mass, which becomes somewhat more fluid when gently heated, but 
decomposes at higher temperatures. It tastes and smells like the radicle itself. It is 
insoluble in water, sparingly soluble in dilute alcohol and in ether, but dissolves 
easily in absolute alcohol. The alcoholic solution precipitates metallic oxides from 
their salts. Oxide of stibriamyl dissolves readily in acids, and the resulting comx>ounds 
are precipitated from their solutions by water. 

1. The chloride, Sb(C*H")*Cl*, obtained by dissolving the oxide in hydrochloric 
acid, is a yellowish translucent Uquid, viscid at ordinary, comparatively mobile at higher 
temperatures, heavier than water, soluble in alcohol and ether. It tastes and smells 
like stibtriamy]. Decomposes at temperatures above 160® C. The bromide xad iodide 
resemble the diloride. 

Nitrette, Sb(0*B[*')*.2NO*.— When the chloride or iodide is mixed with an alcoholic 
solution of nitrate of suver, as long as a precipitate forms, and then filtered, the filtrate 
forms an emulsion, from which, after standing for some time in a warm place, two 
liquids separate, the Upper being light, yelW, and mobile, and the lower a deep 
brown-red oil. The upper layer, when slowly evaporated, yields the nitrate in slender 
white crystals grouped in stars ; tliey may be punflod by recxysti^iBation from dilute 
alcohol. The dark red oil likewise dissolves on admtion of a lai^ quantity of 
hydrated alcohol, and the solution, after standing for some time, yields the same citb- 
tals. These crystals melt at about 20® C.; the fused mass does not dissolve in alcohol 
BO readily as the cxystals. This salt, the only mystallisable compound of stibiriamyl, 
is insoluble in water and ether, but dissolves in hydrated alcohol. It has a peonliar 
metallic taste. 

The sulphate, Sb(C*H*')*.SO^ is formed by decompe^ing equivalent quantities of 
sulphate of silver and a haloid compound of stibtriamyl dissolved in alcohol. This salt 
was obtained only as an oily liquid body. 

The white powder, formed by the action of the air upon stibtriamyl is Insoluble in 
ether, alcohol, and water: it does not dissolve in hydrochloric acid, but imperfectly in 
frumug mtrie acid ; slowly in aqna-regia. Xt remains unaltered even when strongly 
heated, not decomposing below a red heat. BerU supposes it to be antimoniU 

i3hAmH).SbK>*. When snlphnretted hydrogen was passed for some tima 
through this compound suspended in alcohol, a white powder unmediately sepant^ 
whidi gradually assumed an orange colour, and then formed a pul^ mass, which codM 
not be filtered. After addition of a large quantity of aloobol and ether the liquid* 


(Oko^ANiO). i^l 

when left to stand ui a warm place, deposited an orange-xed, floecttlent pieoipitata, 
which, after dij^, ft>rmed a brownish-yellow powder, insoluble in alcohol, etiier, and 
water ; this poww decomposed at a Teiy high temperature^ and took dxe when 
fuming Ditiie add was poured upon it. BerU regards this compound as aulpJkanH^ 
fftoniie sHbtriamyl, SbAm^.Sb*S* (if gave 18*38 per cent, sulphur, the formula 
requiring 17*69). . A compound, suppled to be identical with thia, is formed by 
passing sulphuretted hydrin for some time through an alcoholic solution of okide 
of stibtriamyL 

Anttmonldea of Bttajrli or atibefclisrhi. 

STtnTRiBTSTx. or Tbx>thti:.stibxkb, commonly called Sb(C*H*)*.«* 

Sb£*. (Lowig and Sohweizer, Ann. Ch. Pharm. Ixxt. 316, 327; Lowig, ifrid^ 1^^*- 
:}23 ; Gm. ix. 79 ; Oerh. ii. 370.) — ^This compound ia prepared by the action of iodide of 
ethyl on antimonide of potassium. The alloy is finely pulverisM together with two or 
three times its weight of quartz-sand (if pulyerised done it is apt to take fire); the 
mixture is introduced into a number of small short-necked flasks, so as to fill Giem to 
alMut two-thirds ; and iodide of efhyl is added in quantity just sufficient to moisten the 
mixture of alloy and sand. The action begins in a few minutes, and is accompanied with a 
rise of temperature sufficient to Tolatilise the excess of iodide of ethyl, which is ooUeoted 
by itself in a small reiver; as soon as this action ia over, the flask is connected as 
quickly as possible with a condensing apparatus, through which a stream of carbonio 
acid gas is passed during the whole operation. This condensing apparatus consists of a 
tall wide cylindrical Tossel closed by a cork haring throe apertures. Through one of 
these apertures, passes a tube proceeding from the carbonic acid apparatus, and reach- 
ing to the bottom of the ressd; throng the second a short straignt tube to cany off 
that gas, and through the third ia inserted the distillation tube connected with the 
tliisk containing the mixture : this tube descends nearly to the bottom of the glass 
cylinder, and drops into the mouth of a small receiver, partly filled with antimonide of 
IKitassium. This apparatus being completely filled with carTOnic acid gas, j^he gener- 
ating flask is heated very gently at and afterwards more strongly as long as any 
liquid distils over. This flask is then removed, the distillation-tuM stopped with 
wax, till a second flask is ready to be adapted, and the operation is then repeated. 
The contents of 20 to 24 flasks of 3 or 4 ounces capacity ymld 4 or 6 ounces of erode 
product, which may thus be obtained in the course of a &,y. The receiver in which 
the ilistiliate has been collected is then closed while still immersed in the atmosphere 
of carbonic acid, afterwards removed, and used as a retort in the rectification of the 
product, the same condensing apparatus being used as before. The first portions of 
the rectifled product contain iodine, and deposit after a while, a number of colourless 
crj’stals consisting of iodide of stibethylium. (Lowig and Sch weizer.) 

2. ^ By the action of trichloride of antimony on zinc-ethyl, similarly to the preparation 
of trietbylphosphine. (Hofmann: See Fuosfhobus Basns.) 

Properties. Stibtriethyl ia a transparent, colourless, mobile, strongly refractinff liquid, 
haying a disagreeable aliUceous odour. Specific gravity 1*3244 at 18^ C. It doM not 
solidify at 29° C. Boils at 168®*6 (^bar. at 730 mm.j. Vapour-densify, by experi- 
ment B 7 - 44 ; hy calculation 7*18, the formula S^C’H*)’, repreMnting 2 volumes of 
vapour. Stibtriethyl is insoluUe in water, but dissolves readily in alCMiol and ethers 

A drop of stibtrietljyl exposed to the air at the end of a glass rod, emits thick white 
fumes, and in a few seconds takes fire and bums with a white, strongly luminous 
flame. When introduced in a thin stream into oxygen gas, it Imms with dassling 
brightness. But if it be made to run into a glass gloM containing atr, in such a 
manner as not to take fire, it gives off dense white ftimes, which collect on the sidee of 
the vessel in the form of a powder, which is insoluble in ether, bot dissolves in 
alcohol and water; at the same time a transparent, colourLsss, viscid mass is finmied, 
which is soluble in ether. This latter substance is the oxide of eiihtrietkyl^ SbBK); 
the* powder is antimonite of e^UdrUth^l^ SbE’O.Sb’O*. Stibtriethyl oxidisce ramr 
slowly when immersed in water; hence it is best to keep it under that liquid. Mr 
phur, adsnium, iodine^ bromine, and chlorine combine directly with stifatnethyl, the 
action bein^ alwm attended with evolution of heat, and in the ease of tuKuniiia i»l 
chlorine, with inflammation. The compounds contain 1 at stibtriethyl, with 1 at of 
a dibasic radicle, O, S,SO^ flm., Or 1 at stibethyl with 2 at of a monobasic mdielsb 
ti. Br, NO*, dee., in which respect they xeeemble the compounds of StibtrimetlvJl ar* 
^ntriethyl (see p. 322). Stibmethyl intiodnced into J^drcMoHo tttidgxM, yields eblo* 
ride of stibtriethyl and foee hydrogen; 

sbEP 4- ana « sbsm* 4* m 
Mine reaelloBtalteS place udlhlhmingl^dtoeliloxleni^ Dihde 
(he aid of heat, acts on stibfridtbyl in the same manner as on the metals; 

z 3 
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Bitrio ojude itod ibmi^ nitrate of stibtriethjL Neither fhmiiig nitric add nor agn^ 
jcgia oaddieee the aotuumj eompleteij. 

of Stibtrieih^l^ 8l^O'H*)*.SbK>*i or Sb£*0.Sb*0^ ie ibrmed»togetiiec 
with the oxide, b^ the gi^uiu oxidation of etibtrieth^L The white Ihmes which 
etibtriethyl dUEUeee in the air oonaist almoat wholly of this compound. It may be pre- 
pared by iMring an ethereal eolution of Btibtriethyl to evaporate spontaneonely, and ^ 
aolving ont the ammltaneonaly formed oxide with ether-alcohol. The antimonite ^en 
remaine as a white, pulverulent, amorphous body. It has a bitter tas^ and is s^ble in 
water and in alcohol. The ^ueous soludon prepared in the cold is perfect^ mobile^ 
but when heated, becomes viscid like starch-paste, and dries up to a friable mass, 
having the appearance of porcelain. Water pour^ upon this mass dissolves the 
greater part^ out leaves a small residue of antimonious oxide. Hydrochloric aci^ 
added to the alcoholic solution throws down chloride of stibtriethyl ; the add liquid 
separated from the chloride yields with sulphuretted hprdrogen, a precipitate of kermes; 
on mixing it with water, powder of algaroth is precipitated. (Lowig.) 

Bromidt of Stibtriethyl, -Stibtriethyl takes fire when added by 

drops to bromine. The bromide is prepared by adding a recently prepared alcoholic solu- 
tion of bromine to an alcoholic solution of stibtriethyl cooled by ice, as long as the colour 
of the bromine disappe^. On mixing the solution with a large ^oantitv of water, the 
bromide of stibtriethyl is predpitated, in the form of a colourless liquid which must then 
je washed with water and dned by contact with chloride of calcium. Transparent, 
colourless, strongly refracting liquid, having a density of 1953 at 17^ C. Has an un- 
pleasant odour like that of turpentine, and excites sneezing. Solidifies in a crystalline 
mass at — 10^ C. It is not volatile. When distilled, it yields, among other products 
a strongly acid liquid having an intolerable odour like that of cMoial. It is decom- 
posed by oil of vitriol, with evolution of hydrobromic aci<^ and by chlorine with separa- 
tion of bromine. Insoluble in water, bat dissolves readily in alcohol and ether. The 
alcoholic solution gives with metallic salts, reactions similar to those of bromide of 
potassium. 

Chloride of Stibtriethyl, Sb(C*H*)*Cl*. — Stibtriethyl dropt into chlorine gas 
takes fire and bums with a bright but smoky fiame. Introduced into dry hydrochloric 
acid gas. It forms chloride of stibtriethyl, and separates a quantity of hydrogen equal in 
volume to half the hydrochloric acid gas. The chloride is easily obtained in Uie pure 
state by decomposing a strong solution of nitrate of stibtriethyl with strong hydrochloric 
acid; it then separates in the form of a liquid which may be purified in the same 
manner w the bromide. Transparent, colourless liquid, of specific gravity 1*540 at 
17^ C. ; it has a powers odour like that of turpentine, and a bitter taste. Bemains 
fluid at 12^ C. When it is distilled with water, a small portion appears to volatilise 
undecomposed ; when heated alone, it behaves like the oromide. Strong sulpburio 
acid decomposes it, with evolution of hydrochloric acid, while, on other hand, 
hydrochloric acid added to a solution of sulphate of stibtriethyl throws down the 
ehloride. In other respects, its relations are like those of chloride of potassium or 
chloride of sodium. It is insoluble in water, but disnolvea readily in alcohol and ether. 

Cyanide of Stibtriethyl appem to be formed when 2 at cyanide of mereoiy, 
and 1 at sulphide of stibtriethyl are mixed in the state of aqueous solution. Sulphide of 
merouzy is then formed, together with a liquid which smells like pnissio add, and 
behaves with metallic sidts like cyanide of potassium. 

Iodide of Stibtriethyl, Sb(C*H*)*P. — Iodine and stibtriethyl combine toesther 
under water, with rise of temperatiue. On adding iodine to an ethereal sdution of itib- 
triethyh s violent momentary ebullition takes places, and the iodine quickly disa{g»ean* 
The iMide is, however, most easily prepared by addmg iodine in small portions to an 
alcohoUo Mltttion of stibtriethyl surrounded by a frigorific mixture, as long as colour 
of the iodine disappears, and leaving the colourless solution to evaporate, l^e iq^Ude 
then eiystalliaes in colourless needles, which must be reoystallisea from alcohol, and 
afterwards from e^er, to free them from a small quantity of adhering yellow po^er. 

lodideof stibtriethyl has a slight odour of stibtriethyl and a bittertaste. Itdksolvss 
in water without deoompoeition and readily in al<»hol and ether. It mrits and 
eolittes at 70^*5 C., sublimes in small quantity at lOtP, without alterstioii, but is 
deebmpossd at a somewhat higher tempentnre, with finmation of dense wUte ibinea 
In the states it is instanUy decomposed Vy pofoastam, with separation of stshM* 
sH^ ndfheno euid and with meCallio salts, it behaves like iodide ef 

potessiam. Hyd»oM>ric oM immediately jprecipitatee chloride of stlbtriethyL 
mine end ohtofine n&yanhm the iodine; to likewue doec aitrie add, nitnle of 

etibtriet^I. With riieo*#%f it appears to form sti bpen caihy I, -i- 

but this oompound is decomposed bydutillatioa into kibtrieUiyVed^ 
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Ime^ 93 bA Iwdridte of otbyl ; Sb(e*H*)* • 8h{C*B*y + + (^H*. (B«ektoo» 

Oliflinu Soc. Wtt* J* *JiL 116.) _ 

Osyiodide of SMtrietkyL j[8bE*)*I*0 SbE*I*,SbE*0.— Fkodiiead by tk^ 

Mtion of aDunoDia on iodide of Btibtriethyl: 

*iSb£«P + 2NH> + fl*0 - {SbE»)*IH) + 2KH<I 
also by the oxide end iodide of stibtrethyl in equivalent qjuintitiefl. It fbira 

octahedral eiyatahi oontainins 36*9 per cent, iodine: by calculation 37‘1 (Streoker 
Ann. PhantU cvi. 306)i Merck, who obtained thb oompoond by mixing iodide of 
stib^ethyl with an ethereal solution of stibtriethyl in an atmosphere of carbonic anhy- 
dride, suMKMied it to be, not an o^iodide, but a monoiodide of stibtriethyl Sb£^ and 
explainra its formation, together that with of another crystalline compound — not 
analysed, but supposed to be Sb£*HI, — on the hypothMis that the iodide of stibtri* 
ethyl piepar^ by Lowig and Schweiaer, really contained 1 at. hydrogen more Uiatt 
those chemists supposed, its true formula being Sb£”HP, or Bb£*l.Hl; 

SbE«HI« 4- Sb£« -* Sb£*l + Sb£*HI. 

But the formula SbE*.I is contrary to analogy, thetrietlwl- and trimethyl-oomponndBof 
arsenic, bismuth, and phomhoms, all uniting with 2 ah 1, Br or Oh Moreover Merckxs 
mode of pieparation, which consisted in covering the Imuid with a ihnnel, and passing 
a stream of carbonic anhydride through the beak, till all the ether was evaporate^ 
was not very well adapted to exclude £e air |>erfectly ; hence it is probable, sspedalij 
as the action took place but slowly, that oxide of stibtriethyl waa first fbnn^ and 
then combined with the iodide. The oxyiodide mighty however, be formed without 
access of air, if the mixture was not perfectly dry, the compound 8b£*HI being pro- 
duced at the same time : thus, 

2SbE* + 2SbE»I* + H*0 - (SbE»)*I*0 + 2SbE*HI 
The oxyiodide treated with hydriodic acid yields iodide of stibtriethyl and water* 
(SbE*)*I*0 + 2HI - 2SbE»P + H*0 

With oxide of silver, it yields oxide of stibtriethyl, SbE*0, and with chloride of 
meirnry, an oxychloride of stibtriethyl, (SbE*)*Cl*0, (Strecker.l 
Merck swposed that the action of various mercury and silver-salts on his supposed 
iodide, SbE*!, yielded a series of compounds of analogous constitution, vis. b chloride^ 
BbE*Cl, an oxide (SbE«)K), See. 

Nitrate of Stihtriethyh 8b(C*H*)'.2NO*. — Obtained by saturating dilute nitric 
acid with oxide of stibtriethyl, or bydisMlving stibtriethyl in the dilute acid with the 
aid of heat. In this latter reaction, nitric oxide is evolved, and a small quantity of 
antimonions oxide smarates. The salt may be obtained in crystals by evaporating the 
solution. At 62°'6 C. it melts into a transpNarent liquid, which solidifies to a crystal- 
line mass at 37^ ; at a higher temperature, it defiagrates like a mixture of nitre and 
charcoal. It dissolves ea^y in water, lees easily in alcohol, and is nearly insoluble la 
ether. The solutions have an acid reaction and Idtter tasta 

Oxide of Stibtriethyl, Sb(C’H*)H>. — ^Formed by the direct oxidation of stibtri- 
ethyl, either in the free state, as above mentioned, or dissolved in alcohol or ether; as 
thna obtained, however, it is adwars more or less mixed with antimonite of stibtriethyl, 
especially when obtained flnom the ethereal solution. The alcoholic solution on the 
eontraiy yields but a small quantity of antimonite. Accordin^y, the oxide may be 
obtained by leaving a dilute alcoholic solution to evaporate slowly in a loosely covursd 
foo^lai^ treating the residue with ether, which dimlves the oxide and leaves ^e 
antimom^ and repeating this treatment as long as the ether leaves any insoluble 
residue. — ^The oxide may aleo be obtained Iqr treating an aqueous solution of sulphate 
of Btibtriethyl with baiyta-water; evaporatang the iUtrate over the. waleivbathj ex- 
hausting the residue with alcohol, whi<m dissolTeB out a compound of oxide of stibtri« 
erhyl and baryta; preripitating the baryta by carbonic add, and evapoiatiiMf the 
filtered alcoholic sdution. An aloohoUe amution of stibtriethyl shaken up with flne^ 
divided red oxide of mercuty, quickly fednees the mereury to the mstatSs ststs^ and 
yields pure oxide of stibethjL . « 

Oxide of stibtriethyl in its pineet state, is afnaspeient, eohmriesi^ viidd, amof^^ioiis 
jnaas, wfaidi dissolves readily in water and aleohol, somewhat lem readily In mOfx 
has a yeyj hitter taste; does not appear to be poisonous ; is not idtcfed ty expos er s 
the dr ; is not volatile; but when heated in a tnbs^ gives off white vapours which 
with a bri|d(l fiemi^ and leaves a residne containing antimimy sad caarcod. It 
Mdeeomposed fay nomndum, ata gentle hea^ with sspSMtion of stibtrielhyL fimhiijf 
^***^aM decomposes k, with evdiiiion of lis^ and heat; ddhdefUMotM nWoiiSf 
add dissdre it, Ibrmiilg idm of stilm^^ t 
vngen-aeids dissolve it in the fbm of ehloride of stibtriethyl and dmilsr eowqpcnads. 
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JB^fdrotMhurie acid has no perceptible action upon it ; but on eyaTOrating a solatuii 
of the aside saturated with the gaSi crystals of sulphide of stibtriethj^l are obtained; tite 
smallest trace of antimonite of atibtriethyl mix^ with the oxide is detected by the 
formation of a yellow precipitate. 

Sulphate of SUbiriethyl, Sb(C*H*)».SO*, is obtained by decomposing the aqueous 
solution of the sulphide with sulphate of copper. ^ It crystallises in small white prisou^ 
soluble in water and alcohol, inc^orous, but naving a bitter taste and acid reaction. 

Sulphide of Stihtriethyh Sb(C®H*)*S, is formed, with evolutioM heat, when sul- 
phur and stibtriethyl are brought t^ether under water. But it is moit'readily obtained 

boiling an ethereid aolution of stibtriethyl with flowers of sulphur; the liquid decanted 
from the sulphur soon solidities in needle-shaped crystals, which may be purified by 
leaving the adhering sulphur to oxidise in the air, and crystallising several times 
ether. Sulphide of stibethyl thus purified forms a bulky mass, having a silvery lustre, 
an unpleasant odour, and a bitter taste ; it is permanent in the air when dry, melts 
above 100*^ 0., and is decomposed by a stronger beat, with evolution of stibtriethyl va- 
pour. The aqueous solution of the sulphide precipitates metals from their solutions 
as sidphides, and yields sulphuretted hydrogen with dilute acids. 

Sulphantimonite of Stibtriethyl, SbE\Sb’*S*, or SbE*S.Sb*S*. — Sulphuretted 
hydrogen passed through a solution of the antimonite, throws down this compound in 
the form of a light yellow precipitate, having an extremely unpleasant, persistent odour, 
like that of mercaptaiL The compound is mso formed by adding recently precipitated 
trisulphide of antimony to a solution of sulphide of stibtriethyl, the latj:er ^ing in ex- 
cess, whereupon the brown-red colour of the kermes immediately changes to light yellow. 
Bried over sulphuric acid, it forms a powder of a beautiful light yellow colour, which 
changes to browii-red at the heat of tlie water-bath. When distilled over a spirit- 
lamp, it yields a liquid distillate having all the properties of sulphide of stibtriethyl. 
Dilute sulphuric acid poured upon it, sepamtes trisulphide of antimony, with evolution 
of sulphuretted hydrogen, and formation of sulphate of stibtriethyl : 

SbE*.Sb*S« -I- SO^H* - SbE*.SO* + H*S + Sb*S\ 

Fuming nitric acid decomposes it^ with emission of light and heat. 

Stibsthtli VM. Sb(C*H*/ *■ SbE*. Lowig, J. p. Chem. Ixiv. 41fij Chem. 
Soc. Qu. J. viii 261; Gm. x. 527.) — The iodide of this radicle is formed by intro- 
ducing a mixture of equal parts of stibtriethyl and iodide of ethyl into a retort filled 
with carbonic acid gas, nearly filling the retort with water, sealing the nedc, and then 
heating it in boiling water. The solution evaporated and cooled, yields beautifhl hexa- 
gonal prisms, often an inch long, containing 2SbE*1.3H‘0, and other crystals, con- 
taining 4SbE^I.3H^O. The rialt has a very bitter taste, and 1 pt. of it mssolveB in 
6'26 pts. of water at 20° C. It dissolves more easily in absolute alcohol, but less in ether. 
The solution of this Balt> mixed with chloride of mercury, forms a white precipitate, which 
dissolves in warm water, and yields crystals containing 3Hg"r‘'.28bK''l. Another double 
iodide, 3HgP.4SbE^I, is obtaSaud by adding iodide of mercury to a hot solution of 
iodide of sfibebhylium. 

The iodide digested with oxide of silver, yield's a strongly alkaline solution, which 
when evaporated, leaves the hydraU of etibethylium in the form of a thick oolonriess 
oily liquio, having a strong alkaline taste and ^action. It exx>el8 ammonia from its 
compounds, precipitates metallic oxides, and redissolves alumina and stannic oxide. It 
dissolves in acids, forming salts which have a bitter taste. The carbonate is a tough 
deUqueBcent mass. The sulphate and nitrate crystallise. The formate yields needw- 
shapM ciystals, difficult to dissolve. The acetate forms similar crystals, but more 
soluble, ^e oxalate c^stallises ; the succinate does not. The neutral tartrate end 
raoemeUe form lar^ deliquescent cxystals ; the acid tartrate, fine needles. 

The eulphi^ (SbE*)*9, is obtained by treating the oxide with hydrosulphurie arid. 
It is a yellowish oily llq)^idi soluble in water and alcohol, and mdiibiting ue reaqfaoiis 
of alkaline sulphides. — ^The bromide and chloride are crystalline compounds obteii^ 
}q saturating the oxide with the corresponding acids. The chloride forms with ehlorids 
M mezcuiy, compounds ^^ogous to the double iodides above mentioned. It also com* 
bmss with tatzaebloride of platinum, produring the compound 9PtCl*.4SbS*Cl| which 
lonns fins yellow crystals, soluble in water and alcohol. ^ 

Antlinowldes of 

STtaTAticmTHTL. Sb(C&*)* »SbHe*. — Produce^ like the eonrca p o ndii ig a lirtl - d smp 
pound, by the action of iodide of methyl OTaatimonide of potossinm. It k a ea tuirii— 
Wvy liquid iaaoltthld in watar, mrio^ soIaUe in alooLol, nmdily in athsiw 
exposed te the air, itgivenoffthitt white ftimes, and Mas fiisv Ikvaiagsrith w W 
w Landolt, Ana. Ch. Pkarm. laxvUL 91 ; Gm, tU. »l ( Oerh. i. 
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and dep»itisg metallic ant^monj. Itf eompcamds ave precUNjy 

thoee of Btibtriethyl , - ■ ^ 

Siiftpi-niatnetksff, Sb(C3H*)*, appears to be prodaced by the action of ainc-ethyl on 
•ttbtrimetb^; and to be decomposed by distillation into stibtrimethyl and hydro* 

carbons. (Buc kt on, compare page d36,) 

STii>iiBTHTi.inif. Sb(OH*)* « SbMe^ — This compound is obtained as an iodide 
by the action of iodide of methyl on atibtrimethjl. It is not quite oei^dn whether it has 
yet been isolate^. The iodide ^till^ with excess of antimonide of potassium, in an 
atmosphere of embnie anhydnde, yields a spontaneously inflammable oily liquid, re- 
sembling stibtrimethyl ; and the aqueous solution of the iodide subjected to the action 
of the electric current, yierds iodine at the positiTe pole, while at the ncgatiye pol^ the 
liquid becomes alkaline, and gives oflf a spontaneously inflammable gas containing 
ant imony, and having the odour of stibtrimethyl ; but which of those products, if either, 
is stibmcthylium, has not yet been ascertained. 

The coiniiounds of stibrncthylium closely resemble the cozre^ndingpotasnum^salts^ 
and are isomorphous with them. They have a bitter taste. They are decomposed by 
jiotaah or soda, and then form white fumes, if a glass rod moistened with hydro- 
chloric acid is held over them. They are for the most part easily soluble in water, 
h-88 soluble in alcohol, and insoluble in ether. The antimony in them is scarcely 
n'cognisabic by the ordinary reagents, not being precipitated by hydrosidphnrio acid 
till after a long time. They yield a slight deposit of antimony, when treated with 
Kiuc and sulphuric acidin Marsh’s apparatus. They bear a heat of about 14<PO. withoal- 
decomposition, but between IflO^ and 200^ they are decomposed, and give off spon- 
t-aneously inflammable vapours. 

Bromide. SbMe^Br. — Obtained by decomposing iodide of stibmsthylinm with 
bromide of mercury. On filtering from the iodide of mercury and evaporating, a 
brautifol salt is obtained, soluble in alcohol and water, but insoluble in ether, and 
hsiving a saline bitter taste. This compound, when heated, evolves white vapours 
which take fire in the..afr. Oil of vitriol poured upon it liberates hydrobromie acid ; 
nitric acid separates bromine. With metallic salts, bromide of stibmethylium behaves 
in the same manner as bromide of potassium. 

Carbonates. — T%e neutral carhoTiaie is obtained by decomposing a solution of the 
iodide with recently precipitated carbonate of silver. The filtered liquid evaporated 
over the water-bath, leaves an indistinctly ciystalHsed, somewhat yellowish, tranq^Murent 
mass, which deliquesces very readily in tne air, exhibits an alkaline reaction, dis- 
solves very easily in water and in alcohol, but very slowly in ether. This com- 
pound is verv unstable, beginning to smell of stibtrimethyl as soon as it is formed. 
When heated, it gives off white frimes, which ti^e fire spontaneously in the air. It 
does not appear to contain water of crystallisation.— The acid carbonate, (SbMe.H.)CO*, 
is formed by passing carbonic anhydride through a solution of the oxide or of the 
neutral carbonate, imd evaporating. It crystallises with difficulty in small deliquescent 
needles, arranged in stais. In. the solid form, it efllii decomposes, like the neutral 
carbonate. The aqueous solution evolves carbonic i^ydride when heated, and does 
not precipitate magnesium-salts. 

Chloride. SbMeK!!]. — Obtained by adding a hot solution of corrosive sublimate to 
lu^ueons iodide of stibrnethylium, as long as a precipitate of iodide of mercury is pro- ' 
duced. The filtered liquid evaporated over tne water-bath deposits the chloride in 
white six-sided tables, similar to those of the iodide. These crystals are easily soluble 
in water and alcohol, nearly inaolubie in ether : their taste is sf^ne and bitter. This 
•alt intumesces when heated in a tube, and at a higher temperature gradually dis- 
appe^ giving off white frimee^ which take fixe spontaneoualr in the air, and depoait ^ 
on the cooler part of the tube a white aublimate containing chloride of antimony. 

Chloroplatinate. 2(SbMeK31).FtCl^ — Obtoinedas a yellow crystalline precipitate, 
tetrachloride of platinum to chloride of stibethylium. It may Im diesolTed in 
lulling water, and separates on eool^ as an oranse-vellow emtalline powder. It is 
I he least soluble in water of all the saSs of stibmethvIiTiitt, and is intermediate in solu- 
bility between the chloroplatinates of potassium and sodium. It is quite insoluble in 
sucohol aud^ ether, veiy difficult of solution in attalis, but dissolves more easi]^ in hot 
^'d^hloric acid. When heated, it turns black, and soon takes fire, leaving ap alloy 
oTj^tinum and antimony, from whidi the latter metal is but impesfeetly rems^ by 

,^y^rate^ ^ agitating an aqueous solution of the iodids 

recently peecipitated oacide of silver, filtering from the zesultii^ iodide of silrei^ 
^ evapormiim the filtrste in vacuo oyer eulphurio arid. It is a whits^ etyalilline - 
H-cis, wfaicb feels soapy betwerii the Angers, is higlily eaustic^ and diasotrag npld^ in 
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mter and akaboib tmft ii iMolttble in ether. In the etate of aqaeova edntioii, it ii 
slightly TolatO^ and forma white ftimes when a glass rod moisten^ with hydradikcie 
acM k held ow it ; but the solution, when evaporated over the water-bath, yields the 
ori^puial quantity^ wi& scarcely any loss. ^ When the solid hydrate is sudii^y heated 
in a test-tube, it gives off vajponrs which take fire on coming in oonta^ with the 
air, and deposit metallio antimony; but when carefully heated, it sublimea unde- 
comphsed. 

Tne aqueous solution has an alkaline taste and odour, and instantly turns reddened 
litmus paper blue. In all its chemical zdations, it exhibits the doseSt resemblance to 
caustic potash. When evaporated in an open vessel, it absorbs carbonic acid, and then 
efibrvesces strongly with acids ; but on the addition of lime-water, carbonate of calcium 
is precipitated, and the pure base is affain found in the solution. It expels ammonia 
fyom ammoniacal salts, even in the cold, and s^arates baryta from iodiae of l^um, 
lAms and oxido of lead are immediately precipitated by the solution of this base. 
With gina-oalU it forms a white precipitate, soluble in excess ; with oopper-oalU a pre- 
cipitate insoluble in excess; with mercurous^ ntercuriOf and oUver-aalto^ it gives the 
same reactions as potash ; with cMori^ of ^tinum, it forms a yellow jpirecipitato, 
resembling the chloroplatinate of potassium. The a<|ueous solution, boiled wiUi aufphur, 
forms a yellow liquid, which, when mixed with dilute acids, yields a precipitate of 
sulphur, and gives off sulphuretted hydrogen. 

lodideof Stihmethylium^ SbKe*!, is formed by the action of iodide of methyl on 
stibtrimethyL in the preparation of stibtrimethyl, the iodide of methyl which ^tits 
over at first, and the stibtrimethyl which passes over when the temperatnre is raised, are 
collected in the same receiver, a slight ebullition takes place, and the liquid mixture 
solidifies after a while into a perfectly white, ciystalUne mass. This is dissolved in 
warm water, the excess of iodide of methyl separated, and the solntion set aside to 
evaporate slowly over the water-bath. The iodide of stibmothylium then separates in 
crystals belon^ng to the hext^nal system. They are remarkably beauti^ large, 
six-sided tables, usually scalariform, and from 10 to 15. millimetres in diameto; the 
terminal faces are plane, and the lateral edges intersect one another at angles of 120^. 
The crystals contain water mechanically enclosed, and consequently decrepitate when 
heated. They dissolves in 3 '3 pts. of water at 23^ C., and are likewise easily soluble in 
alcohol, but dissolve very slowly in ether. — Iodide of stibmethylium heated in a test- 
tube first falls to powder, and at 200*^ 0. begins to decomjpose^ disappearing gradually, 
and evolving thick white fumes, which have the odour of stibtrimethyL The vapour thus 
evolved is partly deposited as a coating on the inside of the tube ; but the greater 
portion rea<me8 the mouth, where it takes fire spontaneously, fonninu rings of smoke 
uke phosphoretted hydrogen. Boiling water dissolves hut a small portion of the 
deposit in the tube. The solution treated with nitrate of silver^ yielw a precipitate 
consisting of iodide of silver and metallic silver, the latter being doubtless produced 
by purestibtrimethyl or stibmethylium, the former by undecomposed iodide. The aqueous 
solution of iodide of stibmethybum irgnidually decomposed by repeated etmporatwnt 
a small quantity of a yellow insoluble substance (not yet examined) beii^ formed, and 
the odour of stibtrimethyl evolved. The yellow substance likewise appears, though not 
constautly, when the solution is exposed to sunshine. [For the decomposition ^ ekel^ 
lysis, see page 345.] Filtering paper, covered with strong starch-paste^ to wnich iodide 
of stibmeteyliura has been ad&d, behaves towards orone, lexaetly in the same manner as 
paper prepared with iodide of potassium, but is even more sensitive. Mpkurio aoid, 
bromine, chlorine, and nitric acid, act upon iodide of stibmethylium exactly as upon 
iodide of potassium ; hydrocklorio add decompose it, with formation of chloriide of 
stlbmethyliura. Aqueous solution of iodide of stibmethylium poured upon emudgaim 
of sodium, produces a succession of little eo^osion^ accompanied iq»pearanee of 
fire, metallic antimony being also separated. The i^de distilled with excess of sn^ 
timonids of potacemm, yiel<k a yellow oily liquid, which is perhaps stibmel^yl^m« 
The aqueous solution dissolves a consideiuble miantity of the yellaw modifimfiion 
of merewrio iodide* The red iodide boiled in the solntion dianges into the yellow 
modification before it dissolves ; and as the liquid cools, a oonsidenfole portion of Iho 
mereum iodide separates out, but always in the yellow modification. 

jurats of dtihmcthylium, SbMe^NO*. — Formed by adding mtrate bf nlyer to 
an aqueous solution of iodide of atibmethylium ae long as any precipitate ia 
then filtering and evaporating till the salt eiystallisee. The ervatals are anbydhons^ 
The salt diwolves readily iii water, slowly in alcohol or ether. Its taste is harsh apdi 
bitter, not eooliiig IQce that of nitre. When heated, it gives off white ftiinei, whin lipr* 
medii^j t^ fire; the entire mass then explodes with a large white fisme^ jM 
a mixtofe of nitre and charcoeL The salt is Teiy stable, not bcuig dsebinpcied, sfiff 
by boiling with strong sulphurio acid. 



AKTmC»7X4tADiC^ 

Sulphates of 8iibmeikpliam,~^I%s neutral sulphuts, (SbMey.SQYIi obliuQed 
bv addira B Hot solution of 0^hate of sUw to aqueoiM iodid« of long 

M any piocipitste of iodide of silver is fonned. On evaporating the over 

thewat^HatK colourless crystals are obtained, which maybejptessed bemsn M 
ilried in the air; also, by saturating a coneeutrated solution of th^add Salt wiik oaddeof 
'^ibmethylium, and mining the aqueous solution with alcohol and ether ; the neutral salt 
tbi.t sep^tes in oily drops, which dter a while assume the solid form. The mystalii^ 
vhi^ appear to be rhombic, contain 16*42 per cent. (6 at.) water of emtallisation, 
which they give off at 100*=^ C. Placed over sulphuric acid, they lose part of their wmter,^ 
and fall to a white powder. The crystals dissolve very readily in water; the anhy- 
drous salt becomes strongly heated when water is poured upon ih The salt is also 
soluble in alcohol, but insoluble in ether. Its taste is saline and bitter. 

Add Sulphate, (Sblle*).H.SO^ — Obtained by adding 1 at. sulDhurie acid to an 
sqiieons solution of 1 at. of the neutral ^phate. After sev^ erystollisations, 
beautifhl, hard, transparent crystals are obtain^ some of which are four-aided tablets 
with obliquely truncated edges. It has a atro^ly acid taste, leaving a bitter taste in 
tlie mouth. When heated, it behaves exactly like the neut^ sulphate. On dissolving 
it in a small quantity of water, then adding alcohol, precipitating bv etheiv and re- 

f eating these operations aevend times, the neutral sulphate is at length obtainedL 
n this respect, the acid salt behaves exactly like acid sulphate of potassiunu Thu 
salt contains no water of ci^stall^tion. The basic water (or hydro^}, like that dl; 
acid sulphate of potassium, is not driven off at 120^ C. 

Sulphide, (SbMe*)^ — Prepared, like monosnlphide of potaaainm, by dividing aur- 
aqueous solution of oxide of stibme^ylium into two parts, saturating the one with 
hydrogulphuric acid, and then adding the other. The resulting solution, quickly eva- 
porated in a retort, leaves the sulphide in the form of an amorphous green powder, 
which smells like mercaptan, dissolves readily in water and alcohoX but is insoluble in 
ether. The solutions give black precipitates with lead- and silver-salts. Heated in a 
tube, it melts and decomposes, giving off spontaneously inflammable vapoors, and 
leaving sulphide of antimouy. In contact wim the air, it oxidises rapidlv. 

A solution of hydrate of stibmethylium boiled with sulphur, yields milk of sulphur 
on the addition of an add : hence it u probable that h%her sulphides of stibmethylium 
may be formed. 

STEBTBUtsTHTLXTa Tx.iuic,Sb(CH*)*(C*H*), Is obtained ss an iodide by the action 
of iodide of ethyl on stibtrimethyL It closely resembles the iodide of stibmethylium. 

STiBMBTHTi.TBinTHTi.iPi(, Sb(CH*)(C*H*^ SbMoE*. (FriedlKnder, J.pr. 
Ohem. Ixx. 443 ; Gbl yiii 600). — The Mide of this radicle, obtained by the action 
of iodide of methyl on stibtriethyl, forms beautiful c^stals, apparently having the 
form of rhombic prisms, with a glassy lustre when fresh, Ranging after a while to 
nacreous ; they crumble to pieces when dry, but are otherwise permanent in the air. 
The iodide has an intensely bitter taste, is inodorous when cold, but at 100^ 0. givee 
off a peculiar odour, without sensible decomposition. It dissolves in twice its weight 
of water at 20^ C., is soluble also in alcohot but inaolubls in ether. -The solutions 
turns the plane of polarisation to the left. 

Iodide of etibmethyltriethyliam forms two double salts with mereuHo fodM^.vis. 
ShMeE’l.Hg'l*, obtained by adding recently precipitated mercuric iodide to a solution 
of iodide of stibrnethyltriethylium ; and 2»bM«£*I.3H||^l’, which is preeip^tatsd on 
Adding a hot solution A mercuric chloride to a boiling solution of iodide stibmsthyl- 
triethyiium, the chloride of the antimony-radicle then remaining in solution : 

8»bMeE*I ^ SH^a« » 2SbHeE*I.SHifI« ^ eSbMeBHJL 
This double iodide is insoluble in water, sad sparingly soluble in alcohol and ether, 
crystallising from the alcoholic solation in yellow neeSuM whieh malt below lOO^ d 
, Ckloride, SbMeE*CL--Fioduoed as above, or diasolvu^ the hydrate or dsrbonato 
m hydrochloric add, and may be obtained by evaporation in sm all aystslUne nsedlsB 
%drata,~produ^(l), by decomposing toe iodide with moist oxide of silver {when 
prepared, however, it always oontams silver) ; or (2), by dee o n q w sin g the sul* 
phate with an exaetlT equivalent quantity of hydrate of barium, and oonoentntum the 
filtrate in vacuo, ft is a thidc, oily, non-vdiitile liquid, which has a strong mtter 
and alkaline xaaetloa, d eco mp oee s ammonia-salts, and predpilatssmstaUio orildas 
uom their sdutfonsi the ripe Dredmtates being soluUe in SGMess. 

Hydrate of stibrnethyltriethylium dissolves in adds, forming neutnd sad add saiti, 
may Ukswise be prepared by double deoompoattton from the iodids^ dikside^ os 
*^hat^ The sdts are mors or lass soluble In water and alediol ; somo ass dsl lq tiSN 
—5. pamuMl TImw. wbuh ayrtalH.* do Mt «)oloia n«» om 

W Mto offttaottylirioilvliMi. 



3^ Ai^'xiP^i^sric - iRiiibi 

' Tbe cardoMi (SbHe£!*}^.c6*, ia a white reelnoue mato which i«iiehr h^^ i^boiuite 
.mmAhfa j Sp Thfl mdpAate, ^SbMeE*)*.SO* is produced by dissolTing % hjdfUe 
in sulphimiHL or by decomposing the iodide' irith sidphide of silver, and may ha 
obtained, bv ei^aporation in vacuo, in white, shining, bitter ciyst^ which malt at 
100® C. and are extremely deliquescent. 

The 4 xcekite^ fomuOe^ ancf butyrate are crystalline. The npttnU oxtOate^ 
(Sbll£eE*)*.CW\ lOTms anhydrous glassy needles, moderately soluble in water. The 
oxataief SbMeE*.S^O^O\ forma needles very soluble in water. The tartraU is 
obtained by evaporation as a syrupy liquid which rapidly absorbs water, but does not 
crystallise. 

' The cyanide is obtained by dissolving the hydrate in hydrocyanic add. The clear 
watery solution boiled with potash-ley gives off ammonia and forms an antimonetted 
acid, which yields insoluble or sparingly soluble salts with all bases, except potash, 
soda, and ammonia. 

AWTZPKXOCUQiTXO TBaOKT. See COMBUSTXOH. 

aJTTXaaHXV. See ANTHOicinum. 

JWmutBXxrxc A0XB« An acid of unknown ooinposition, obtained by Morin 
from the leaves of the fox-^love (I}iyiialie putymrea). It is prepaid by distilling the 
leaves with water, saturating the distillate with baryta, evaporating, distilling the 
IMdue with excess of sulphuric or oxalic aci^ and rectifying over chloride of calcium. 
Jphe acid then floats on the top of the liquid in oily drops, having an unpleasant odour 
Ske that of the plant, and producing headache and giddiness. It ^dens litmus 
strongly, dissolves readily in alcohol, and in contact with water forms white films, 
which gradually dissolve. (J, Pharm. April 1846, p. 299.) 

AirTXflXIPTZCS« Substances which prevent the spontaneous decomposition of 
vegetable and animal substances. They are chiefly : the mineral acids, the alkaline 
hypochlorites, common salt, nitre, spices, sugar, creosote and yeast, (i^e FfiaxuNT- 
ATIOK and PuTBEFACTION.) 

AJTTZTjBLRTABXO AOZB. also called Zavotariaric and Lavoracemie acid. 
Pasteur has shown that racemic acid, which has no action on polarised lighl^ is a com- 
pound of two acids in equal proportions, one of which turns the plane of polarisation of a 
ray of light to the right, and the other to the left. Hence he calls these acids re- 
spectivefy, dfatro^ and lavoracemio acide^ or dextro- and lavo^tartaric. The dextro- 
acid ia identical with ordinary tartaric acid. G-melin (Handb. x. 366) retains the 
name tartaric for the ordinaiy dextro-rotatoiy acid, and distinguishes the Imvo- 
rotating acid as anti tartaric acid. (See Tautabio and Hacbmzo Acids.) 

JLUflTTlUXICQXZTB. A hydrated silicate of aluminium, found in white stalactitio 
masses on the north coast of Antrim. According to Th. Thompson's analysis (J. pr. 
Chem. viii.^ 489) it contains 43*47 per cent, of silica, 30*26 alumina, and 16*32 water, 
together with 7*60 per cent, lime, 4*10 potash, 0*19 protoxide of iron, and 0*098 
chlorine. It appears to be related to mesotype. 

AXraSf OZX OX*. The red ant (Formica ru/a) contains a volatile oil, which may 
be extract^ by distilling the insects with water: to the amount of 0*12 per cent, 
according to Nolle ; 1 per cent according to Hermbstadt It is transparent and colony 
less, and has au agreeable odour ; its taste is not burning. It is slightly soluble in 
absolute alcohol. (Gm. xiv. 368.) 

AlVTTUUBZirzc AGZD. The name given by Walz to a volatile add, obtained 
by distilling toad-flax (Jnt/rrAinum Linaria, L., Linaria wdgariM^ Dee.) with wa^. It 
tbrms a deUquesceht l^um-salt, the analysis of which gives for the atomic weight of 
the acid the number 212. 


AimAMZBB. Syn. with Nitrosalicylamide. See SaLiCTZjaaDn. ^ 
.ABAnUTB* A native basic sesqulsulphate of iron «■ 2(Fe*(P.dSO*) 3H*0, 
fbund, in egg-shaped, earthy, yellow masses, in the clay, at Meudon and Autedl, near 
Pmwl 

jflLBATXnu FhespkaU of eedeium, — This mineral occurs both massive and ciya* 
tsUised. The ciystals are six-aided prisms, belon^ng to the rhombohedral 
sometimes passing into the six-sided table; often hei^edral. Lustre vitreoiil^;in« 
elining to subresinous. Translucent, rarely tninsparenL Scratches fluor-spar, 
saratched by flrispar. Brittle. Colours, white, v^e-yellow, green, and red. 
gravity 8*17 to 3*26. Pbo^horesces on coals. Eleotrie by beat and ' 

occurs in. primi^ve rodts ; in the tin veins of the mnite of St IflicliaelV Vsa^; 
Comwall; near Chudleigh in Devonshire; at Nantes in France; on the St GcfiiM>^ 


dezsdori; itt B«oiqr, ^ the in ^avaiis* in Bohemie^ JOid 
crystal* *» iowoA near New 1I^Tk--^one eKystBl from Boblnaoa'a & 
foot in length, and weighing 18 pound*— also, in New Hamnshire^^ 
chuset*, and Delaware* A mawive variety called Pho^horiie^ because 



Bmge 

neatly a 


phoB« 




The ^emieal oomj^ition of apatite may be expressed, according to OuataT Bose 
(Pogg. Ann. IX. 186), by the general formula, 3P*0*Ca* + the chlorine and 

fluorine, which are isomorphous, being capable of replacing one another in any pro- 
portion whatever. If the chlorine is altogether absent, the mineral becomes a Fluor* 
apa/itt, or Francofite, 3P*0«Ca* + CaF*. containing 7*8 per cent, fluoride of calcium, 
and 92*31 tribasic phosphate. An analysis of Francolite by Dr. llanry gives in 100 
pu. 41*34 phosphonc anhydride (PO*), 63 38 lime (CaO), 2*96 protoxide of iron (FeO), 
2 32 fluorine, and a trace of chlorine ; whence we may calculate that the pioportion 
of tribasic phosphate of calcium is 93*3, and that of the fluorids 4*91 ; part of the 
theoretical ^entity of calcium is, however, replaced by the iron. The apatites of the St. 
Gothard, of Ehrenfriedersdorf in Saxony, and of Faldigl and Greiner in the Tyrol, axe 
fluor>apatites. Apatites free from fluorine have not yet been found. The greater num*; 
ber contain chlorine and fluorine together. The largest amount of chloride of c 
is found in the apatite of Snamm in Norway, which contains 4*28 CaCl*, 1*59 i , 
and 91 13 P^O*Ca*. An apatite in which the fluorine was wholly replaced by chlo 
Would contain 10*62 per cent, of chloride of calcium. 

The composition of apatite is only a particular case Of tlie general formula 

( pa \ M"C1* 

Y^ 30 ^M* J -f which denotes a metal, which, in the species hithertossa- 

mined, may bo either calcium oX lead, and in which phosphorus and arsenic may 
replan each other in any proportion, as well as chlorine and fluorine. This formula 
likewise iucludos the pyromorphites, or green lead-ores, which are isomorpheus with 
apatite. Apatite wan no named by Werner from iwarciv, to deceive, on account of the 
miKtakes of the earlier mineralogists respecting its nature, (Handw. d. Chem* 2** 
Aufl. ii, 147.) 

AWATOn* A mineral free from phosphoric acid, found in certain Ameriesu 

ii;fU?orite8. 

APSAAXO AOZB. See Axblaig Aoii>. 

AWBAVmrrx* See Abxouitb (p. 6>. 

AWBAjma. See Diosim 

AVBAOOXBTXC BAJBV. Lamp without flams^ or glow-lamp. (See Aloohoxv 
P- 74.) 

A^BBTVa. Sehie/erspar, Chaw carbonaile nacri $, — A slaty carbonate of 
calcium, having a mother-m-pearl lustre, found rarely in be^ and veins in the older 
^ocks, as in Cornwall, at Kongsberg, Ac. A soft friable variety of it, called earth-foam 
i ^haumkall^ ^haiemerde), containing silica ittd oxide of iron, is found at Gen, and 
Eisleben in Thuringia. ^ 

aJKkbxuvb. See TouBXJxim. 

AJPBBOlIXTB. A hydrated silicate of maguesinn, resembling meerschaum, 
mund at Longbanshytta, in Sweden. Its formula is IBMgO.ldSiO* 4* 13H*0. 
J<ow in the magnesia-silicates, 3 at. water may be supposed to replace 1 at. xna 
(see SrucATBs), hence the preceding formula may be reduced to 4MOJ^“' 
aenoting a diatomic metal]. 

ABBBOiriTBU Mf froth and rivpov soda.) — An ddr name for the •4(i& 

cuiorescenees formed on walls, commonly called but consisting frr the meet 

of cstbonste and solphate of sodium, sometimes with sulj^ate of msguerinm. 

^y ^B G WTO BBCTB* A s i licat e of iron' and aluminium, containing, acourding to 
"sndbergeii 26*4 pear cent sOica, 21*2 alumina, 1*1 magnesia, 44*2 protoxide of isoo. 

Sandbergsr represents it by the formula a(3F«O.Sim + 
f effO, Xtisdoubtfr], however, whether aO the iron exists ss piotosideu 
SeeAxoiionL 


The name gtven by Svanbetg to a miiieml from Wflnnhcg^ la 
TCsembling frhl«ore4f. e.), Imt distuumiahed by a peeuliariy large amoauk 
metalUc sul^dea. Accord^ to SvM&ig'a analym (Ofrersigt af Keag^ 





antkaonjr, 


A trace of anemc. 


!•— A gelatinous substance extnuML by Biueonnot (Aim. Cl. tn. 

Vx. ^50), from common parsley (Apium petroBeHnum) by boiinT^tb JPJ 

boiling liquor p^ed thpough a cfotli becomes on eooUng a 
pectieaeid. It is washed in cold water, and after dijiag oyer /SfiewSaiiSSi • 
treated with boiling alcohol and ether, which extraet iSvia it a certain oimuL 
ehlorophyU. 9“wa^(rf 

Pure aj^ is a colourless powder, without odour or taste. It meits at ISO^O. into 
a yellow liquid, which forms a Titfeous mass on coolmg. It begins to deooiaDOM 
between 200*^ and 210^ 0. It is veiy sparingly soluble in cold water, but dissolvesr 


a znT' KJ, n 18 veiy sparingly soiuDie in coia water, but dissoIvesnadOr 
in boiling water, which deposits it on cooling in the form of a jelly. It is sduhte 
in boiling alcohol and insoluble in ether. According to PI ant a and Wallace iAnn 
Ch, Pharm. Ixzir. 262) it contains C**H“0**. Its soTutzon in boiling water pmitoes 
a blood-red colour with ferrous salts : this reaction is extremely d^oatA sufficioff to 
indicate the smallest traces of apiin. The aqueous solution, after boih'ng ibr a loair 
time, no longer gelatinises on cooling, bnt deposits nearly white flakes, which ann^ 
to consist of H*0. When apiin is boiled with dilute sulphuric or hy- 

drochloric acid, the liquor deposits on cooling, white flakes, which appear to contam 
that is to say, apiin minzta 4 atoma of water. Apiin is dissolved by 
alkalm and reprecipitated in its original state by adds. When boiled with a^ 
phunc add and peroxide of manganese, it yields carbonic, acetic, and fbrmic acids. 


or Glycine apioa (L.) — A leguminous plant flrom North 
America, the roots of which have been proposed as a substitute for the potato, and the 
young seeds for peas. The roots are eaten in Viiginia, and are said to have been used 
by the aborigines of the country. Pay en (Oompt. rend, xxviii. 189) gives the follow- 
ing statement of the composition of the roots, compared with that of the variety of 


potato called patraquejaune 


Nitrogenous matter . 
Fatty matter 
Btarch, sugar, pectin, &c. 
Cellulose and epidermis 
Inorganic matter . 

Water . 



Aptoi. 

Potato. 


. 4-6 

1*7 


. 0-8 

01 


. 33-66 

21-2 


. 1-3 

1-6 


. 2-26 

M 


• 67-8 

74-4 


_ _ w An alkaline substance said to be contained in the nut 

Of Cocoa nuctfera and Cocoa lapidea, (Bizio, J. Chim. m6d. 1883, 496.) 

See Manoanbsb-axvx. 


A name inappropriately given to a kind of granite, consisting diiaQy 
of a fine-ground mixture of quarts and felapcw with only a trace of 


p&o: 
jk9Uoo: 


See Gabnbt. — APOO&VOSO ACS88. See Gi:.ucio Aod, 
rxo ACn. See Humio Aonx 

JklKIllIPBTUiXO ACXm A nitr<M^ous add obtained by the de- 

composition of cotamine; first prepared by Wohler (Ann. Ch. Pharm. i, 241 after- 
wards more folly examined by Anderson (EdiLb. PhiL Trans. ™ii\ 847 ; Chem. Soc, 
Qu. J. V. 267). 

Prvporaftoii.— 1.^ Cotarnine is dissolved in nitric add diluted with twice its volume 
of water ; strong nitric acid is added; and the whole is heated to boiling, whaeapm 
abundance of red vapours are evolved. As soon as a small portion of the solntioiL on 
being mixed with alcohol and ether, quickly deponts erystato (if no crystals appaar 
the heating must he continued), the whole of the solution is treated in the saMWer^ 
and the crystals which ara deputed after 24 houra, axe filtered off and pinfifled by 
boiling their solution which animal charcoal, and remystallising. A gieai« csoess el 

nitric add hinders the predpitation of the apophyjlio add(Andersottl 2. On 

decomposing chloroplatinate of cotamine with sulphuretted hydroaen, filtering off 
the platinum and evaporating the filtrate with hydrate of barium, ap(Myl]ats dberiam 
wosioimd in rmdue ; and after extracting the cotamine with afodiol, and bciUeg 
the residue with dilate sulphuric add, a yellow solution was obtained which dopositeif 
crystals of apophyllic odd after the lapse of several weeb. (W5hler.) 

Apophyllio add crystallises from a ooiling satnratrri sdution on in wai&uK 

long anhydrous prisms, which do not efiloresoe when heated. ItreddmkinitimissliMaa^ 
andhas a weak add taste (Wfihler)- Melts at 296^ GL, and ^ 

into a crystalUne mass, (Anderson.) 
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ipprw if^** to that ^ a aqoM^bi^ qct^ed ^ Ab^m of ^ iMHiM^^aiiMl 660 «iid 
of thol 


920 ; of tho lat«»l odges, about 106® 26^i 106® 34» and 100®. Tba OTi&liK^va twt 
readily in a direction panOlel to tliA baae, forming ^Msea of peadgr Inatiai Uke the 
crysti^ of apophjlUte (hence the name). Theae giTC off their water«; amounting to 
atout 9 per cent, at a temperature much below 100® 0. 

Aqueoua ApephjfUie ActA— Apophyllic acid diaaolrea alowlj aadmth great difftonlty 
in odd water. It is aolnUe In aulphnxic add (Anderson) ; insohible m alcohol mA 


elUVTr 

When heated, it melts, ehaia, and erolrea an oilj, strongly alkaline li^d, whidi 
tmells like diinoline (W dhler). By disUUatlDn it yields a neutral oil, as aa a baacb 
which does not become colour^ when treated with chloride of lime (Anderson).— 
2. Nitric acid conyerts it into oxalic acid (Anderson). 


Jpophyllotfes.— Nearly all the apophyllates are soluble in water. 

ApophyUaie of Ammonium forms small prismatic needles. It is readily soluble in 
water. 

ApophyUaU of Barium is obtained in nodular i^stala by digestinff the add with 
carbonate of barium and adding alcohol to the solution. (And er son.) 

ApopkyllaU of Ammonium does not |)reeipitate Uad-aalta, (W dhler.} 

ApophyUate of Silver^ 0*H^AgNO*, is obtained by digesting apophyliie add with , 
moist camnate of silver and nredpitating the solution with aleohm and ether. 
forms a crystalline powder, which bums slowly when heated, leaving a residue of 
metallic silver. It is easily^ aolnble in water, insoluble in aloohol and ether (Ander* 
son). On mixing a solution of a^phyllate of ammonium with nitrate of silver, 

H double salt, consisting of apophvllate and nitrate of silver, C*H*AgNO*.NO*Ag, is 
deposited after a while in small ciystalline stars, which soon increase to Semitic 
pnnoups of fine needles. The salt explodes violently when heated, like oxalate of silver. 
It is slightly soluble in water. 

ABOWMTLiXirrMm lehthpophtholmiU, FiaK-eye oionc.^A silicate of calcium and 
polassium, also containing fluorine, which is found both massive and crystallised. 
The CTjatalB belong to the dimetric system.^ The most usual form is oo P oo . P, also 
with OP. Cleavage perfect, parallel to OP, imperfect parallel to «o P od . The massive 
variety has a laimnated structure. Specific gravity 2*3 to 2'i. Hardness about that 
of apatite, or generally rather less. The finest varieties are tninq)aient and colour- 
less, or sometunes tinged with rose colour ; translucent crystals are also found, or 
opaque in the mass, translucent onlv at the edges, and white, reddish-white^ or flesh- 
coloured. External lustre splendeoit and peculiar; internal lustre glistening and 
|iearly. The transparent c^stals exhibit, according to Brewster, a peculiar optical 
character, which shows that each individusd crystal is an aggregate of several pieces 
symmetrically arranged. In some places (especially at Anssig in Bohemia} a variety 
railed albin is found, consisting of opaque crystals of pecnliar form. ApophyUite, heated 
before the blowpipe, exfoliates (hence its name, ftm iiwo^vhXS^fu), then fiotiis^ and 
melts into an opaque bead. It u easily decomposed fay strong hydrochloric acid, with 
separation of gelatinous silica. The filtrate^ supersaturated with ammonia, yiflds 
a precipitate of fluoride of caldum. 

The compositioa of spophjUitc^ as determined by analysis^ is as follows 



Bersclitts. 

Strameysr. 

OL Omsiia. 

Silica .... 

. 52*13 

51*66 

53*90 

Potaah 

. 5*27 

5*81 

6*18 

Lime (induding CaF*) . 

. 25*53 

25’22 

25*00 

Water .... 

. 16*20 

16*91 

15*70 


99*13 

W-M 

100-78 


Prom these insults, I«. Gmelin (Handb. Hi. 394) deduces the fonnnU 


P*” the oi^geii in equivalent propotCion. I _ 

Ifidw, which, if M denote a monatomic ndidc^ miy be seduesd to 
lOftO* 9Jf0.16ArO. T^ analytical results may, houwm, be aqusllj well represented 
fimnla 9ffi4P.foHf0.lfi£r0; end, eseumii^E that 9MO wm 
*^^**“^ baipsdneed Is 
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AFcmsiTm^Aa^m. 


A resin obtained by digBolving in alcohol that poztioii of the 
alcoholic ext^t of rhubarb which ia insoluble in water, precipitating by ether, and 

again treating the prr^itate with alcohol, the aporetin then remaiiung uudis^Ted 
(SchlosaVerger and Bopping, Ann. Oh. Pharm. 5. 219). Treated with concen- 
trated nitric acid, it yields a yellow eubstani^ which appears to be chiyaaniniic acid, 
together with oxalic acid and an acid which produces a brown-red oolonring with 
alkalis. (Be la Bue and Huller, Ohem. Soc. Qu. J. z, 298.) 

AVOBBVZDZiy. Koioxyd, — A product of the putrefaction of the ao-called 
protein-compounds, discovered by Proust, but since shown by Mulder and others to be 
merely impure leucine. 


AVOTBBM. A term applied by Berzelius to the insoluble brown deposit which 
forms in vegetable extracts when exposed to the air. It is not a definite compound, 
but a mixture of several substances in a state of decomposition, and therefore of very 
variable constitution. (See Becat and Putbbfaction.) 

APPXiZSB« A comparison of various sorts of apples and pears, withlS|^;aid to 
specific gravity and amount of water and acid in the juice, has been made by Schulze 
(J. pr. Chem. Ixii. 207). The results vary greatly according to season, climate, and 
soil; but the general conclusions are as follows: — The specific gravity of the fiesh 
fruit varies from 0*72 to 0*91. The fruits contain between 13 and 21 per cent, of dry 
' substance, of specific gravity above 1*4. The juice of 20 kinds of apples had a specific 
gravity between 1 020 and 1*027 ; in two varieties only, it was found to be between 
1*033 and 1*037. The acid in the juice, estimated as tartaric acid, amounted to 
between 0 48 and 1*13 per cent. In tV^urtemberg. the specific gravity of the juice of 
apples and pears rises in warm seasons above 1*080, and even approaches 1*090, the 
amount of free acid, estimated as tartaric acid, varying from 0*4 to 1*2 per cent, and 
that of sugar from 4 to 10 per cent 

APPME-TaUll. {Pyrm The ash of the branch of an apple-tree con- 

tained, alter deducting the carbonic acid, in 100 pU. : 19*24 potash; 0*45 soda: 
■63*60 lime; 7*46 magnesia ; 2*41 ferric phosphate ; 4*15 phosphoric acid; 0*45 ehlo- 
ride of sodium ; 0*93 sulphuric acid; and 1*31 silica. (Freseuius, Handw. d. Chem. 
2‘* Aufl. i. 171.) 

APPZiS-OZZta A/o/ot/c.— A yellowish oil formed in apples when kept It is 
lighter than water, has a ycllo wish-grey colour, a sharp and harsh taste, ^ils at 
190^0., and distils completely; burns with a slightly fuliginous flame; dissolves 
sparingly in water, but readily in alcohol and ether. Contains 64*15 per cent, carbon, 
20*65 hydrogen, and 15*20 oxygen. Forms a crystalline compound with hydrochloric 
acid, but is decomposed by chlorine. (Handw. d. Chem. 2‘* Aufl, i. 172.) 


APPXAMZSi (ARTZPZCZAXi). ^Diis name is given to a solution of valerate 
of amyl in 6 or 7 parts of alcohol, which has the smell of apples, and is used as a 
perfrime. (Hofmann, Ann. Ch. Pharm. Ixxxi. 87.) 


APTKZV. See Afibin. 

APT&ZTB. SiberUe^ Rvhelliie^ Bed tourmaline. See Toxtbmaluvb. 


AQUA POATZ8. This name is nven to a weak and impure nitric acid oommoiily 
used in the arts. It is distinguished Oy the terms double and oin^kt the single having 
only half the strength of the other. The artists who use these acids call the more 
concentrated acid, which is much stronger even than the double aqua fortis, spirit of 
nitre, (See Nitbio Acid.) 

AQVAMAAZmk See Bebti.. 


kVA-PMOZA or AVOZ8. A mixture of nitric and hydroehloric add, so 
from its property of dissolving the* noble metals, gold and platinum. (See 
h-HYDBOCKLOniO AcXD). . ^ 

— L-VZTJE. Ardent snirit of the first distillation has been distinguished hf 
name in commerce. The ^tillers of malt and molasses spirits call it wina, 

AQVZ&A AUA« PKZTZCIATA, OCBUSTZSp MOtCimZZ. An oldnams 
siibchloride of mercury ; also mercurius dulciSf or mild muriate of merduap. 



AAABZO (OUIIZ). This gum exudes spontaneously from several apedea of 
aeada (Jcaaia vera. A, arabica) Ac. It was formerly imported mto Enn^ front 
^QTpt and Arabia, but is now obtained diiefly from Senegal The coarser and 
eheimer varieties mostly used by calico printers and othecfr maouftagtorers are knoum- 
by the name of gom-senegal. (SeeOux.; » 

AAAWnf* The principal constituent of gum in whidi, aoccndiiig 49 




354 ' 


ApAGHTE^ABBtri^ 

stem# 88 80811 aftliio fiowem fiide. The see^ contain aboat half theirirei|^i of ihi 
oil, eartK'-wd oU {hwUe d^arachidf, kuile de miache de terret JCrdnnaS’^^ ip 

ext^ted from> them hy preBSure^ The cold-pressed oil is nearly ctdonrlesB, has % 
ihint agreealde odonr, and may be used for culinaiy pui^ses instead of oHre oil, 
only it becomes rancid more quickly. The warm-pressed oil is coloured, and haa 
a disag^able taste and smell. The cold-pressed oil has a density of at 50^ C.; 
and solidifies at 3^ C. When it is exposed for some time to a temperature of + 
a solid fat resembling stearin separates from it. It dissolves but sparingly in alcohol, 
more readily in ether and essential oils. It saponifies slowly when boiled with caustic 
soda, yielding a hard, white, odourless soap, which is manufactured in France, and to 
Borne extent also in Germany. This soap, when decomposed by the, stron^r acids, 
yields two peculiar fat-acids, viz, arachidic acid, belonging to me series 

and hypogaeic acid, belonging to the oleic acid series, 

besides a large quantity of p^mitic acid. The oil consists therefore of araehin, hypo- 
gsein, and pulmitin. 

ikSJkOBTXi* — The hypothetical radicle of arachidic acid. 

AXJBOlIKlim* See Hydrometer. 


AXiBOaUBlTB (from Apatos, rare and guest). — A raricty of vanadate of 
lead, in which a considerable portion of the lead is replaced by zinc, giving the 
formula 8(Pb ; Zny'0.V*0*. Von Kobell found 48*7 per cent, oxide of lead, and l6*3 per 
cent, oxide of zinc. The mineral, which was formerly mistaken for chromate of lead, 
is found in clefts of a bed of sandstone, at Hahn in the Bhein^falz. It forms 
boti'yoidal crystalline masses, exhibiting on the fracture traces of radiating structure. 
Colour, dark red, inclining to brown ; slightly translucent. Streak, light yellow. 
Hardness 3. Melts quickly before the blowpipe, with intumescence. The powder 
is easily decomposed by heating with hydrochloric acid. (See Kobell, J. pr. Ghem. 
ii 496.) 


iLRBOXr>A"SBlUk BBSXXT* This resin is the produce of the Canarium atbum^ 
a tree belonging to the natural order TerehintkacetB^ which grows in the Phillipine 
Islands ; the resin, which is used by the natives for caulking their canoes, is gre^li 
yellow, soft, glutinous, and has a strong agreeable odour. According to Bon a St re 
(J. Pbarm. x. 199) it contains in 100 pts. 81*29 pta. of resin, veiy soluble in alcohol ; 
25*00 of resin, sparingly soluble in alcohol; 6*25 essential oil; 0*52 free acid; 0*52 
bitter extractive matter; 6*42 woody and earthy impurities. Baup (Ann. Ch. Phys. 
[3] xxxi. 108) has obtained from it four different crystallisable substances, viz, — 
Amyrin , — Insoluble in water, sparingly soluble in cold, easily in hot alcohol, easily 
also in ether, whence it crystallises in satiny fibres, having a strong lustre. Melts at 
174^ C. Contains, according to Hamas, 85*3 per cent, carbon and 11*7 hydrogen, and 
is perhaps identical with crystallised elemi-resin. 

iretdin , — Crystallises in transparent rhomboidal prisms of 102^ and 78^, terminated 
by four sided pyramids. Hissolves in 260 pts. of water at 10^ C. much more abun- 
dantly in hot water; easily in alcohol, sparingly in ether,. The crystals become 
opaque at a gentle heat, melt at a t-emperature u little above that of boiling water, 
and sublime undecomposed at a higher temperature, yielding a slightly pungent 
vapour which excites coughing. 

£r€tn . — Insoluble in water, soluble in 70 pts. of cent, alcohol at 20^ C.; more 

soluble in absolute alcohol ; very soluble in ether. Wien slowly crystallised from an 
alcoholic solution, it forms transparent rhomboidal prisms of about 70^ and 110^, 
terminated by dihedral summits whose faces meet at about 80®. By rapid ooolii^ 
acicular cryst^ are formed. Melts at 187® C. Neutral. 

JBr^oidin . — Crystallises from water in white silky filaments. Haa a slip^tly bitter 
and burning taste, and when heated gives off a vapour which excites coughuig. Melts 
at 135® C.. be^ns to volatilise before melting, and subUmes in colourless needles* 

Jti^y soluble in cold, much more in hot water, very easily tn alcohol and ether. ^ 
WpKnis solution is neutral to test-paper, but precipitates acetate and subaeetote 


^ OB oxAvae, abbob iikabtxo» abbob bayobbi; ao. 

aaioes are applied to the arborescent metallic precipitatee formed hjtheifiQwredBBtte 
of one metal in solution by another, e.y. lead by zinc: 

AUBOimir* A crystalUne substance discovered ly Kawalier (Aim. €9i. ThSBi- 
Ixzxi. 241; IxxxIt. 356) in the leaves of the red beai>beny (Arcieii0^Jlffh$:L&0 
Vrefy, thie aqueous infrisioii of the leaves forms with neatcal acetate eff Isi4 A 
yellow precipitate containing gallic add ^ the filtered liquid freed frrom 
lead hjdrositlplHtrio acid, and then concentrated to the coiiBhdBee of si M 
deposits mystaXs of sibatin, which maybe purified by pwsnire, scfiittiott im buflilliv 



water and tMtm&t with an im al atnureoaL Aihatin fotnui groans of cobodoso, 
bitteroTstalm wlikhazo Maldem idoohol, and ether; the solnnons are neutral 

it m^ta and gires off water of d^taniaation. Its aqueous station 
does not form any precipitate with ferric salts, or with acetate or subaoetate of lead. 

A solution of aroutin mixed with emulsin (extracted from sweet-almonds), and left 
for some days in a warm place, acquires a reddish tint, and leaves when evaporated 
over the water-hath, a radish brown residue, from which ether extMts arctuvin, 
and leaves a quantity of insoluble saccharme matters. This decomposition of srbutui 
is represented, aocorang to EAwalier, by the equation : 

C«H«0»» « C»H»0» + C**H**0« 

Arbiitin. Arctuvln. Olucoie. 

but according to Qerhardt, by the equation 

c«H**o« « c**H*«o* + c«h:«o« 

Arbutin. Arctuvln. Olucote. 

Kawalicr's analysis of arbatin eives 52*4 top cent, carbon, and 6*1 hydrogen. His 
formula requires 52*4 C and 6*0 H ; Gerhardrs, 54*2 C and 5*5 H. (Gerhard Tndtd, 
iv. 266 .) 

AXOAJrxnk See GiiASBRirn. 

AMOBLa, ORCSZ&v or OMIUXAS. A fine purple dye obtained from varioiui 
species of lichen. There are two varieties, called in ^France orgeille de mer and or9$ilU 
de U^re. The former is obtained from various lichens of the genus Booella arowuut on 
tlie rocky coasts of the Azores, the Canary and Cape de Vera isles, also of the Cape 
of Good Hope, Madeira, Corsica, Sardinia, See, ; the latter from FdriolaHa orcina, from 
Auvergne, Variolaria dealbata^ from the Pyrenees, Lecanora tartana^ from Sweden, and 
others. None of these lichens contain tne colouring matter ready formed, but they 
contain certain colourless acids, erythric^ lecanorio acid^ &c., which are susceptible 
of truDsibrraation into a colourless neutr^ body called orcin {q, v.) ; and this, when 
acted upon by tho air and by ammonia, changes into a purple substance called 
om iUf which is the colouring principle of archil. 

To prepare archil, the Uchens, after bcin^ ground between stones, are rubbed up to 
a tliiii paate with water and putrefied urine or carbonate of ammonium, and left to 
ferment, with addition of quick lime, a small quantity of alum or arsenious acid being 
sometimes added, perhaps, to prevent tho fermentation from going too fur. In a week, 
a violet colour is obtained, which becomes brighter in a few days longer. When 
i arbouatc of potassium or sodium is added to the lichens as well as animon^ a 
diflorent change takes place, and a blue colourii^ matter called Liimus is obtained, 
which LB never produced by the action of ammonia alone. (See Litmos.) 

Dyers rarely employ archil by itself on account of its dearness, and the perishable- 
nc-t>s of its beauty. The chief use they make of it is for giving a bloom to other 
colours, as pinks. See, This is effected by passing the dyed doth or silk through hot 
water slightly impregnated with the archil. The bloom thus communicated soon 
decays upon exposure to the aif. The addition of a little solution of tin gives a 
dur;ihlc dye, the colour of the archil being at the same time changed toward a scarlet, 
and becoming more permanent in proportion as it recodes the more from the natural 
tint. 

IVepared ardiil veiy readily gives out its colour to water and to alcohol; it is th# 
f^bstanco principally made use of for colouring the spirits of thermometers. As 
exposure to the air destroys its colour upon doth, so does the exclusion of the 
air produce a like efihet in these hermetically sealed tubes, the spirits of laige ther- 
mometers becoming in a few years colourless. The AbbA Nollet observes (in the 
Memoirs of the Ai^Amie des Sciences for the year 1742) that the colourless ^ 

apon breaking the tube, soon resumes its colour, and this for a number of times euooCfjK 
sivclj^; that a watery tincture of archil, includ^ in the tubes of thermometers, lostttil; 
^lour in three days; and that in an open deep vessel it became colourless eli 
bottom, while the upper retained its colour. ^ . 

A solution of aiehu in water, applied on cold marble, stains it of a beautiibl vielet 

P^lish-blne oolour, fur more auiabte than the colour which it communicates ta 
bodie4. M, du Fay says he has seen pieces of marble stained with it, which in 
two yean had sulIhEed no sensible change. It sinks deep into the marble, somethpies 
an inch, and at the same time ^veads upon the surfkee^ nnlees the ed^ he 
by wax nr some similar substance. It seems to make the nunble somewhat 
swnwbrittia. 

'^eie ia a eonsidmwbte ponsDmpUon of a variety of anhfl miaflilhetitced ill 
u IS maeh esteemed, and sold by the name of eudbtmr. It sffMs vm hpilfphd 

■ ■ . 2 ' " 
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colonn on sDIdi, of various shades, fiom and crimson to a bright inariuutc Una 
which are said to be reir permanent.— U. (See Vr^a Dictionary of Aria, MawtfaciurtM. 
4mdMinea,Ll75.) ^ ^ 

AJtCsnsmL See WEBNSBim 

jWCTQSTApannbOS WA VMA The lear-herry, — An erioaoeons plant 
which grows wild in the mountainous parts of England and Scotian^ and in the north of 
EniopeL It possesses strongly astringent properties. The leaves boiled with water yield 
a liquid which contains tannic acid and a la^e quantity of gallic acid, andnur^ therefore 
be used for making ink. The same decoction contain^ according to E a walier, (Ann. 
Gh. Fharm. Ixxx. 356) arbutin, sugar, ericolin, a resinous substance, wax, fat, chloio* 
phyll, vegetable fibre, and a body resembling emulsin, which has the power of inducing 
the transformation of arbutin. The resin may be separated fit>m the mother-Hquor of 
the preparation of arbutin, by heating it with hydrochloric acid. It is brittle* nearly 

black, dark brown after trituration, and is said to consist of perhaps rather 

C*®H*’0* Besides these substances, H. Trommsdorff (Chem. Gaz. 1853, p, 61) also 
found in the leaves another crystallisable substance whicu could be extracted by ether, 
via. uraoM. 

ARCTU VIJH is deposited by evaporating the ethereal solution of the brown 
residue obtained by the decomposition of arbutin (p. 354), in colourless crystals, 
which are purified by reciystallisation from water, alcohol, and ether, with the aid of 
animal charcoal. It forms long prisms, which are bitter, i^ible, and may be sublimed 
when cautiously heated. It contains, according to Kawalier's analysis, 64*4 C and 
6*0 H. The formula requires 64*5 0 and 5*4 H. Gerhardt’s formula, 

C‘*H**0*, requires 65*4 C and 6*4 H. • If sesquichloiide of iron be added, drop by drop, 
to an aqueous solution of arctuvin, the mixture assumes a bluish tint, gradualfy 
changing to green. With a solution of subacetato of lead containing a little ammonia, 
arctuvin forms a white precipitate, which soon turns brown. Arctuvin moistened 
with ammonia and exposed to the air gradually forms a black substance, which 
Kawalier calls arctuvein ; it contains 35*9 G, 3*0 H, 12*5 K, and 48*6 0. (Gerhardt^ 
Trait5 iv. 266.) 

AJUCA WTSf the fruit of the areca palm {Areca catechu^ X.), contain, as 
their chief constituents, catechu, a variety of tannic acid, and gallic acid, together 
with acetate of ammonium, fats, oil, gum, nitrogenous substances, and a dye called 
areca-redf which is of a brown colour, without taste or smell, insoluble in cold water and 
in ether, soluble in boiling water and alkaline liquids, whence it m^ be precipitated 
by acids. Boiled with nitric acid, it yields oxalic acid. (Morin, J. Pharm. viii. 449.) 

AlUDiraAXiXTB. See Efidotb. 


AJUnBAJm, a name given by Laurent to a product of the deoomjioBition of 
chloride of cacodyl by alcoholic potash. (See Absbnxc-badicles, Oboanio.) 

AJUP WSB80JN m. A ferruginous variety of hornblende. Colour black. 
Cleavage-faces much more brilliant than those of hornblende, which scratches it. 
Specific gravity 3*44. Melts even in the flame of a candle ; boils up strongly before 
the blowpme, and yields a black magnetic globule. Not soluble in acids or m caustic 
potash. Its composition mny be represented by the general formula Si*M**0‘* •» 
6M^0.6I^0*. A specimen from Greenland, analysed by Kobe 11 (J. pr. Chem. xiiL 8) 
yielded results agreeing nearly with the formula (16Fe0.4Ka*0.(3a0).24Si0^ 

SiO* FeO Na«0 CaO MgO MnO A1*0» Cl 

Analysis . . 49*27 36*12 8*00 1*60 0*42 0*62 2*00 0*24 » 96*17. 

Calculation.. 52*33 36*93 8*77 1*97 100*0(1 

AJUiA& or AJtCIOXi. The commercial name of crude tartar in . the i 
whidi it is taken from the inside of wine-casks. 

WTAlf » Syn. of Nickel-silver or Giarman silver. See Niokbl. « 
iftMIHMfTAagMOlfHyifc A metallic ammonium-radide (p. 198k eontuifiug 
1 at. silver in place of hydrogen. Its oxide (NH*Ag)H> is commom^ ailMfdminat* 
iny aUwr» (See Silvbb.) 

It Wf T138M, A schiefer-spar mixed with silica, found at Qoutfaamptqo asid 

Williamsburgh, in Massaehussets. (See Oalcspar.) 

AJUUnrami VMWUI OV AITTXMOMT* Anddnaiimof tetwlddacC 

antimoBj, or antimonate of antimony (p. 324). 

Amoornra or AsemtoMA s^ofSELvm-oxjkiKa. 

AMHDUUMIBOm BAATS* See Aluxina and Glat. 

AMnnunnn» See LnuMnuia. ABOTnUNHA See SEgLYiMLAMh 



G’^Brar*6* {OinekowUlket Oitsooninti, An alkaloid Ait* 

in white emehona bark &om Ariea» by Pelletier and Oovrlol (J. Pheiia. 
m XT 675\ Manaini (J. Pharm, p] iL 9d> afterwards, found in a fibvone white 
from Jaen, an alkaloid which he called einoAotraiine, but whi^ has .been 
Bhown by Winckler (Buchner^s d. Phamu [2] xxxi 294; xlii id and 231 ; 

ibid ml 11) to be identical with aricine. , . ' 

Aricine is extracted foom the cinchona bark m the same manner at quinine «,), 
via. by boiling the bark with acidulated water, treating the liquor with lime, and 
digesting the lime-precipitate in alcohol. The solution, filter^ at the boiling heat, 
yields a very dark-coloimed liquid, which, after a while, deposits the greater part of 
tlie aricine in oystals. An additional quantity may be obtained the mother-, 
liquor by expelling the alcohol by distillation, treating the residue with a slight excess 
of hydiochlmdc^d, separating the greater part of the colouring matter by means of 
a saturated solution of common salt, then precijpitating the aricine by ammonia, to- 
BolTing the precipitate in alcohol, decolorising with animal charcoal, and ozystallising. 

Aricine forms white prismatic crystals, more elongated than those of cinchonine ; 
they are inodorous, ana have a bitter taste, which, however, does not show itself for 
some time, on account of the sparing solubility of the alkaloid. It dissolves easily in 
alcohol, especially when warm, less road% in ether. The solution blues reddened 
litmus, and turns syrup of violets green. The crystals, which are anhydrous, melt at 
188® C., forming a brownish liqui^ which blackens at a higlier tempcpiture, yiel^ng 
fetid cmpyreumatic products. Aricine dissolves with decomposition in strong nitric 
acid, forming a deep green solution : this is a very characteristic reaction. 

The salts of aricine aie^ for the most pmrt, easily solnble and ciystallisable. They 
arc obtained by dissolving aricine in dilute acids; the solutions are' preeipitatea 
by alkalis. The acid sulphate, C**II”N*O^SO^U*, crystallises in flattened needles 
(Pelletier), which are anhydrous (Manzini). Tho neutral sulphate does not crys- 
tjillise from solution in water, but forms a gelatinous mass, which dries up .to a 
horny substance (Pelletier. Ann. Ch. Phys. [2] li. 186). The platinur^salt, 
2(C=*H*»N»O^HCl).PtCl*, is soluble in alcohol, and is deposited ftom tho solution by 
spontaneous evaporation in ciystaUine plates. 

ASZSTOSiOCKZA. OUMATXm. Birthwart.^l^a root of this plant, 
which has a sharp bitter taste, and was formerly much used in medicine^ has been ex« 
aminod by sever^ chemists : but the results hitherto obtained are not very definite. 
When distilled witli water, it yields about 0*004 of an essential oil of speciflo gravity 
0 * 903 , and said by Walz to he composed of C*|H*0*. A volatile acid, aristolochie wid also 
passes over, the barium-salt of which contains, according to Walz, C*H*Ba*0*. Prom 
the aqueous extract of the root, Walz obtained an imj^ure bitter compound, demati^ 
dine, C*H*0*, which is perhaps identical with the aristolochine obtained by Chevalier 
from Arietol^hia serpentaria, Prickinger obtained from the root a bitter uncryS- 
^llisable body, and also a yellow c^stalline substancoi, aristolochia^ydlow, perha|Ni 
identical with aristolochine or clematidine. The root aLw contains a resin soluble in 
alcohol and ether. The inozganio constituents of the root are ; P^ah 10*3, soda 4*^ 
chloride of sodium 8*6, lime 0*1, magnesia 3*0, phosphoric acid (F*0*) 14*2, sulphuric 
acid (SO*) 1*4, sesquioxide of iron 3*1, silica 4*6, sand, charcoal, and carbonic acid 
4 * 36 . (Winckler, Jahrb. pr. Pharm. xix. 71 ; Frickinger, Buchn. B4pert.,[3] rii. 

1 ; W alz, Jahrb. pr. Pharm. xxiv. 66 ; xxvi. 66.) 

AJtZSTtt&OOKlA The root of this plant, wtiliili had 

once a great repute in medieme, is now nearly fallen into disuse. Chevalier states 
that the active principle of it is a yellow bitter substance, which he calls ariaidockina. 
The root also contains an essential oil, resins, fpna, 6cc. 

ASJLAVaznL See Bboosxtb. 

See Asaa. 

A|UtOm» A. felspathie eandstone, often having a porphyritio stmehue, foond 
nemr Poivin in the Vosgea. AoooEding to Delesse (Arch. d. Sc. Fliys. et Katb'de 
Qeniye vii. 177) it hsji been metamorohosed in ^e humid way, by taking tip the 
constituents of Klapsr and hyalite^ ana gtadaally transformed into the Vosges sand* 
stone ifoove and granite briow. 

A3t>airXA2r 0!rowm Lapis Armemus, Armenite . — ^An oldnamefor a mixtare 
of earthy azure dsppar and limestone, sometimee mixed with copper or iron pyritee ; 
or for quaaets eolomd'blue by azure oopper. 

ABmojkv OXXi OV. Both the roots and the flowers of Arnica numtana contelia 
^latile oUa. The otl is obtained foom the flowers has a yellow to browniah green 
diesolvee in 160 pfSL of alcohol, of speeifie gravity 0*86, becoming tcubid lu^ 
and in 16 to 66 pta of abeolute aJcohol, and forms a solid re^ vdimi 
AA 3 



treated irHh eitrie acid. The oil fiN>ni Uie roots has a noecific gra'^igr of 0*t8 to 
and a wbe-fdknr to brownUh yellow colour; dissolTea in 2 pU. of alcohol^ fip^ 
grOTity; 0’8o, tmd in all p(roportions of abeolute alcohol, and becomes irigeid ^ 
treated with nitric acid. Both oils have a slight acid reaction. (Zeller^ 
liber atheriache Ode/’ Landau, 1850.) 

A bitter principle in the flowers of the Arnica montana. 

See Sfhene. 



AX^imiTXs A silver amalgam from the mines of Arqueios in Coqnimbo^ flfcni 

AJISACX. A spirit ohtainod by fermenting infusion of rice. In Ceylon it iait9b* 
tained flfom oocoa-nut toddy (palm wine). t- 

AltRAOOnrXTB. Rhovibie Carbonate of Lirne , — This mineral, which derires its 
name from the locality where it was flrat found, viz. in Arragon, occurs sometinUai in 
regpilar crystals, sometimes in flbrous or radiated crystalline masses, sometimes as a 
derosit or sinter from hot calcareous springs. 

The crystals belong to the trimetric, rhombic, or right prismatic system, and are 
derived from a right rhombic prism with angles of 1 16^ 16' and 63° 44\ exhibiting 
two directions of distinct deavage parallel to the faces of this prism. Twin-mystals 
also i^nently occur, likewise globular, reniform, and botryoi^ masses, sometimes 
columnar, composed of straight or divergent fibres. 

The crystals of arragonite are seldom colourless, mostly exhibiting a Tarietj of 
colours ; yellowish, greenish, reddish, brown, grey, &c. They have a 'ntreous lustre^ 
and the powder exhibits phosphorescence on a plate of hot iron. Specific gravity in 
the pulverulent state, and wUin free from air, from 2*92 to 3*8 ; larger masses have 
occasionally a specific ^vity as low as 2*77. Hardness about from 3*5 to 4. 

Oiystals^ of arragonite are found in various localities ; in clay and gypsum in 
Arragon ; in clefts and cavities of the newer volcanic rocks, especially of basalt, as at 
Bilin in Bohemia, in Hungary, Scotland, the Feroo Isles, &c. ; also in the dolerite on 
the Kaisorstithl in tboBreisgau; in gneiss and syonite near Dresden and in North 
America in the lava of Etna and Vesuvius. &c. Radiated arragonite, which forms 
crude masses having a radiated structure^ is found chiefly on the Kaiscrstuhl in the 
Breisgau, at Oergovie in Auvergne, and in Scotland. Fibrous arragonite, inm-btoamp A 
• or Jf^ferri, occurs in globular, kidney-shapod or stalactilic mass, having a fibrous 
laminar texture, and a mother-of-pearl lustre. It is found in veins of iron ore ; * 
Carinthia and Styria, Hungary and Transylvania. Sprudetstein, a fibrous variety,! 
carbonate of calcium deposited from hot calcareous springs, contains both i 
and calcspar. Mountain ^tVXr, Rock milk {Bergmilch, Clause carbonated pid . 
is, according to H. Bose, arrugonite mix^ with chalk ; it occurs in tnick, 
globular, or kidney-shaped masses, or as a deposit in limestone cavities in ^ 
beig, Switzerland, Bohemia, and other localities. Specific gravity 2*72 to 2*82. ^; 
contains traces of oraanic matter, and leaves a small quantity of charcoal when i 
in a close vessel. Friable aphrite (Sekaumkatk, Schaumerae) was formerly i 
to be a variety of calcspar, but has been shown by Gustav Bose to be am^nitc^ :ti 
pseudo-morphosed in the form of gypsum. It occurs sometimes in the form of 
^psum-crystals, sometimes as a ciystalline or laminar, white or yellowish-white maiMk 
The oiystus exhibit a strong nacreous lustre on the cleavage-faces. Its apeciflo 
levity, after thorough boiling with water to free it fiom air, is 2*98. Aim or edbmo 
IS a mineral resembling mountain-milk, extensive formations of which are found in 
Southern Bavaria, where indeed it forms a subsoil many feet in thickness. Osieooo^g^;,^ 
{Beinkruchstein') is a carbonate of calcium mixed with sand and or|;anic remattili^" 
which collects round decaying roots, and takes their peculiar forms ; it u found In lha 
. neighbourhood of Berlin. Its specific mvity is 2*82. It exhibits, under the mfoio- . 
scope, the form of arragonite mixed with granular masses. ' ^ 

An^nite consists of carbonate of calcium, 00*Ca', or CnO.GO^ somstiiues pnn^ 
semetimes mixed with small quantities of the isomorphoua compowj^ 
of strontium, which, iu the arragonite of MoHna, amounts to 4 per cent, ;^aaiaQ 
titiea of the carbonates of magnesium, manganese, iron, fire., are oebssf 
found in it. A peculiar variety called iamowitsite, firom Tamowitt in Upper 
eontains 3*86 per cent of carbonate of lead. The chemical properties of «i;ngQiilt 94 | 
sssentiaily the same as those of carbonate of calcium in ita other fonns ; dilute i 
however, act upon it less quickly than on calcspar, so that when a mixture cit ' 
and arragonite is immersed in. a very dilute acid, a residue of amgouite is i ' 
after a ^^e. 

Carbonate of calciimi. in its two forms of calcspar (rhombohedralX and ^ 

(rhombic fir right prismatiok exhibits one of the most strildiig eaxmides cl d{ 
phism, that is to say, of tnesame chemical compound cryitalliaiiig in t#fi| 





_ to aiAc&A ifysCeiiui (m JhmsamBm), Fomaoriy. iftkoi it» iiaWi^^ 
Jhi^i milaioiw^ the deTiatbii of azragonite team the 
%^pa.te of etiictnm traa attribn^ to the pteaenoe of earbonate of atmtid^- v 
^iiveyfl Giyatalliaerin the xhombio system. It was foimd, howerer that thia^iaiiieral 
'lias present in amgomte, often in extremely minute quantities, or indeed jfhsent 
altogether, the form still remaining the same; and thus the ihct of the diinor]^iism . 
of carbonate of calcium became apparent. 

Anagonita and calcspar exhibit many differences in their physical properUes. 
Dite baa two axes of double refraction ; calcspar only one. Arragonite has less 


The starch of the Maravla arundinaeea^ a plant belonging 
the order Marantacea, and cultiyatod both in the East and West Indies. Ac- 


frU to powder ; smaller pieces, or nbroua arragonite, become turbid and rotten. The 
miheral after this change is found to have the densi^ of calcspar ; indeed the change 
appears to consist in the passage of the arragonite to the form of calspar. This action . 
may explain the paeudomorphoses of calcspar in the form of arragonite. Mitscherlich 
describes a crystal of arragonite from Vesuvius, which had been converted into oalc- 
enar on the outside by the action of the red-hot lava, while its interior still retained 
the structure of arragonite. 

The circumstances which have determined the crystallisation of carbonate of cal- 
cium in one form or the other are not precisely known; it appears, however, to 
assume by preference the form of arra^nite, when it ciy^stallises from hot solutions. 
According to H. Rose (Pogg. Ann. xlu. 363), the precipitate formed on mi-gmg tho 
boil^ sSutions of chloride of calcium and carbonate of ammonium, consists of micro- 
scopic crystals of arragonite, which, however, change into rhombohe^frons of calcspar 
if left for some time under the cold liquid. 

The oocurrence of arragonite in the deposits of hot calcareous springs points to the 
same conclusion. The concentration of the liquid appears also to exert some inBuenoe. 
According to Becquerel (Gompt. rend, xxxiv. 20 and 673), when gjrpsum is im- 
mersed at ordinary temperatures in a concentrated solution of acid carbonate of so- 
dium, carbonate of calcium is deposited in the form of arragonite, but if the solution 
of the acid carbonate of sodium is dilute, the deposit takes the form of calcspar. On 
the whole it would appear that the tendency to the assumption of the arragonite form 
increases with the rapidity of the ciystallisation. 

to 

cording to Benson, the root has the following composition : — Starch 26*00 per cent. ; 
poody fibre 6*00 ; albumin 1*63 ; chloride of calcium 0*26 ; water 66*60 per cent. 
Jta the island of St. Vincent, the skinned tubers are washed and ground in a 
iimd the pulp is washed in cylindm of tinned copper with perforated bottoms. To 

^ ^ . ► of the 

feculs, 

r packiug it. The drying is en^ted in pana^ 
covered by white gauxe to exclude dust ana insects. 

The term arrow-root is applied generically to indicate a starch or feculs ; thus Port- 
land arrow-root is obtahiM from Arum maculatum; East India arrow-root, from 
Curcuma anguMtiMia; Brasilian, from latropha manihot; Tahiti arrow-root, from 
Tacca oceamca ; English, from the potato. 

Arrow-mt, like the rest-of the starches, contains The cheajper fbculas 

are sometimes substituted for genuine arrow-root ; bat they are readily deteoted W 
the microscope. Arrow-root is one of the most palateable and digestible of 1& 
starches. The expressed juice of the plant has been used as an antidote to poisons sad 
to the bites and stings of venomous insects. (See Urds IHotionartf of Arte, 
ftww, and Minct, I 182.) ^ ^ . -v 

A3MBJU An alcoholic liquor; proenred by the Tartars from fSermented maxe'h miUk 
In the weak state it is called araca ; after rectification, area, ' 

(Arsen, Scherbenkobalt, Flieffengifi, VapehmkohoJU^ Anmiemn^ Jffs- 
gfftp A fsn^ the of Dioscorides.) Symbol, As. Atomic weiyhi 76. 

vMonr-nffisf^y, 160 (hydrogen »1); Atomic ft olume, 

liomeDt has been known from very eariy times, chi^j as mlpliSde r : 
f&dussifiona aeid. The first aceumte investigation of its diemieal nature wasnmde 
by Brandt in 1783. Sdie^ in 1766, discovered arsenic smd and arsenettsd ! 

8^ Sir H.IIavy diseovered the solid arsenide of hydrogen. The 
relations of arsenie and its numerous snJ^drar-compoiinda; 

^g»ti|stod Becnelius. Bunsen in 1842 disooveM cacodyl, sa otgaaio l 

sfseme and methyl, and several other oigaaie axsflsH*---idl<!lai bsifis siMO 
Wl* aiidi> m '« a Iwr Imddt m>A othew. 
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i» &tmd natirdy bnt miu^ wro &eqtte»<]|^^^,M «ii^ : / 
and with sulphur. The ores £roiii which it is prepwed en ^e lo^sei^* ^ ^ 
d tt!^ product, in the form of metallic arsenic or arsentow oidde^ m : noMpi 
critTiiOf As ; arsenical iron, two species, FeAs*, and Fe^As* ; and afseniisal pjntsi^ 
FaAiF +‘FeS’. Jdetallic arsenic and arsenious oxide are likewise obtained aa secondaiy ' 
products from emalUne, chanthiU, arsenical cobali, cobalt’^lanee, niokd-gUmee, eogper- 
niohd, arsenical nickel, arsenical fahlror^, and o^er ores of similar chwcter. 

These arsenical ores are found more or less abundantly in yarious parts of the 
world, but chiefly in the mining districts of Gtenany and in the Spanish proyince of 
CSatalonia. In small quantities, arsenic is very widely diflfiised, bmng found in the * 
ferruginous deposits of mineral waters (Will, Ann. Ch. Pharm. Ixi 192} ; in nearly all 
iron ores (W afchn er, ibid. 209) ; in the various kinds of pyrites, and in native sulphur, • 
Hence also it is almost always found in sulphuric add, and in numerous chemical and 
* pharmaceutical products, in the preparation of which sulphuric acid is used. In short, 
arsenic in small quantities is one of the most widely difiiised substances in nature. ; 
It was said by Orfila (J. Chim. mW, xv. 462, 632) to exist also in the bones and • 
muscles of men and animals in a state of health ; but the experiments of other chemists < 
have shown this statement to be erroneous. 

JPreparation , — Metallic arsenic is obtained on the large scale by heating native 
arsenide of iron, FoAs* or Fe^As*, or arsenical pyrites, Fe“ A s*S^, in earthen tubes or 
retorts : the whole of the arsenic then sublimes, and iron or protosulphide of iron 
(FeS) remains behind. The retorts are laid horizontally in a long furnace, a tube 
made by rolling up a piece of thin iron plate, is inserted into their mouths, and an 
earthen receiver luted on. The arsenic condenses chiefly in the iron tube, in the foarm 
of a coherent internally crystalline mass, and when the tube has cooled, is detached by 
unrolli]^ it. The arsenic thus obtained is purified,^ if necessary, by a second sublima- 
tion. ^e metal is also prepared by heating arsenious oxide with charcoal in earthen 
cnicibles, surmounted by inverted crucibles, or by conical iron caps. This is the 
process adopted at Altenbei^, in Silesia. It is more productive and economical than 
the former, out the metal which it yields is grey and pulverulent, whereas the former 
is compact and nearly white. Arsenic may aiso be obtained from its sulphides, by 
heating those compounds with a mixture of charcoal and an alkaline carbonate or 
cyanide of potassium. (Kerle's Hiittenkunde, iii. 4.) 

Frofsrties , — Arsenic is a very brittle metal, of a steel-grey colour. Its speciflo 
eravity in the solid state is, according to different observers, between 6*62 and 6*96. 
Vapour-density «* 10*3996 (air =* 1), or 160 (hydrogen 1), which is double the 
atomic weight ; hence the atomic volume of arsenic vapour is anomalous, being only 
half that of hydrogen. (See Atobuo Volume.) Arsenic crystallises in rhombohedrons, 
isomorphous with tellurium and antimony. It volatilises at a dull red heat, without 

S rovious fiision, emitting a characteristic alsagreable odour resembling that of garlic. 

ts physical properties vary considerably with tho manner in which it is sub&medL 
When very strongly heated, or when it condenses on a part of the subliming apparatus, 
the temperature of which is but little below that at which arsenic vdatilises, ao 
that tho metal is deposited in an atmosphere of its own vapour, it condenses in a 
compact^ nearly white mass, having a strong metaUio lustre. This compact arsenic - 
scarcely oxidises in the air, even when pmverised and expos^ to a temperature ^ 
of 80^ 0. Such is the condition of the metal obtained by heating arsenical pyrites. 
Wlicn, on the contraiy, tho arsenic, as it passes into the gaseous form, becomes 
mixed with other gases (as when it is reduced from arsenious acid by charcoal), or . 
when it is deposited on the colder parts of the subliming apparatus, it solidiflcs in a 
dark grey crystallino powder, less dense than the preceding, and oxidising readily in 
the air, espcciaUy when heated. 

Native arsenic forms botryoidal, kidney-shaped, spherical, and oonchoidal masses^ 
varying in texture from fine-grained to compact ; less frequently, indistinct rhomboi- 
hodral crystals. In the recent state, it has a light lead-grey colour, but soon becomes 
greyish-black by exposure to the air. In its raemical properties, it resembles ar{^* 
cu^y prepared arsenic. It is found in various localities oi the Saxon 4^ Hohemiaa 
minuiig districts, at Andreasberg in the Harz, at Eapnik in Tran^lvania, Kongriietg 
in Norway, andsevend places in the United States A America. ^ 

Aisenic fonns two principal series of compounds, analogofus to those of antinumjaikd 

phospboras, viz. the arsenious compounds in whidi it is tnatomio^ ay. iLsH!*| ^ 

jfsdS (i!lK}'0*, (i£s)^) &C., and the arsenic compounds in wbidi it is pentitoiiiis^ : 

a g. (Ab)*0*, (As)*S*, &c. Besides thesa there are a few compounds into whidb II ’ 
tateni in other proportiona, e.g. the sulpbldo Aji*S*, and soveral alloys. - - 



ABSEincr^ x>:^^ 

Hany eompmuid* of K aitt lainaoiphoiis with the .cotTOipoiidiqg^^ 
phosphorus and sntimoi]^» f.^.'ribf»^arse]uo^ oxide is isomor^hoeh 
oxide of ontlmc^y: the ^ts of srsenic acid ixe isomoxphous with the cozxaq|S^^^ ' 
phosphates. - 

DSTBOnON AMD ESTHCATION OF AbSBMIO. 

I. Reactions in the dry wa$f , — Metallic ars^c, heated with but slight access 
of tur, as in a narrow test-tube, is conyerted into a vapour having the peculiar al- 
liaceous odour already mentioned, and condenses on the cold part of the tube in a 
shining, brownish-bla^ metallic, rin^. With greater access of air, as when a smalL 
quantity of the metal is heated in a wide test-tube, or in a tube open at both ends and 
held over a lamp in a slanting position, the arsenic is converted into aisenious oxide, 
which condenses on the cold part of the tube in a white crystalline ring, soluble in 
boiling water. 

The oxides of arsenic heated with charcoal or other deoxidising substances, are 
reduced to the metallic state, the metallic arsenic thus liberated exhibiting the cha- 
Kietera just mentioned. If a small quantity of arsenious oxide be placed on charcoal, 
and the point of the blowpipo flame directed upon it, a greyish-whito smoke is imme- 
diately evolved, accompanied by a powerflil alliaceoua odour; and if the arsenious 
oxide be mixed with perfectly diy and coraely pounded charcoal, and heated to rod- 
)iess at the bottom of a small test-tube, a ring of metallic arsenic will be deposited on 
the cold part of the tube. 

Tlic sulphides of arsenic, and the salts of arsenious and arsenic acid, are not easily 
rotluced by ignition with charcoal alone, but when heated with carbonate of potassium 
or sodium, or with a mixture of an alkaline carbonate and charcoal, or cyanide of potas- 
sium, they yield metallic arsenic with its characteristic properties. 

IT. Rcactione in the wet way, a. Of Aracnioua Compounds, — Hydrcsulphurie 
acid yas passed into an aqueous solution of arsenious acid, colours it yellow, and on 
addition of hydrochloric acid, throws down the whole of the arsenic in the foim of 
bright yellow trisulphide. The precipitate is said to be perceptible in a solution con- 
taining not more than I pt. of arseniotiB acid in 160,000 pts. of watar. Therprecipitato 
dissolves easily in ammonia, carbonate of ammonium, and sulphide of ainmonium, and 
is nq)rccipitatGd without alteration by hydrochloric acid. It is likewise soluble in 
a considerable miantity of boiling water, and in boiling dilute hydrochloric acid, with 
li Iteration of hydrosulphuric acid gas, (Odiing, Guy's Hospital Reports [^31 1 . 239.) * 

Ritrate of suver added to aqueous arsenious acid produces a scarcely appremble yellow 
turbidity, and on cautiously adding ammonia, a canary-yellow precipitate of arsenite of 
silver, which dissolves with great facility in nitric acid, acetic acid, and excess of ammonia, 
iiencp, if the quantity of arsenic present is but small, it is difficult to avoid adding too 
much ammonia, and thus preventing altogether the formation of the precipitate. This 
iiiconrcnienco mav however be obviated by using a solution of nitrate of argentam^ 
monium^ commonly called ammonio-nitraie of silver^ prepared by treating a solution 
of nitrate of silver with a quantity of ammonia sufficient to rodissolvo only a portion 
of the precipitated oxide of silver, and filtering. Such a solution contains exactly the 
proportion of ammonia required to precipitate the arsenious acid us arsenite of silver.^ 

If, however, an excess of nitric acid is present, a farther quantity of ammonia will be 
rctjuired to neutralise it. In a neutral solution of an arsonita of alkali-metal, nitrate 
of Kilyor produces an immediate precipitate of arsenite of silver. 

With svdphate of copper ^ on addition of ammonia, arsenious acid forms a bright green 
priH'ipi^ate of arsenite of coppCT (Scheele's green), easily soluble in acids and in am- 
monia. In this case also, it is convenient to use a solution of sulphate of eupram^ 
rtominm, or aTynanio-eiUpkate of copper, SO*(N*H*Ou)", prepared in the same manner 

the ammonio-nitrate of silver. 

AtlHo acid, kypoeHoroue acid, chromie acid, and other oaidieina ^ente, conTeH 
H rtMfnious acid into arsenic acid. With a solution of trichloride of gold, it yieldi orsesie 
acid, a black pmipitato of metallic gold. 

A piece of metallic copper immersed in a hot solution of arsenious acid or an arseni^ 
mixed with hydrochloric odd, becomes covered with a gr^ film of metallic arsenic^ . 
which may be sublimed and oonvested into arsenious oxide by heating the coated 
“ * dry glass tube (Beinsch*s test). 

^no immersed in a solution of arsmiious acid or an arsenite acidulated with hydro- 
cliJurio or sulphuric add, likewise reduces the srsentc to the metallic state, port m the 
r^ueed arsenic bdng deposited as.a black film on the dne, while the rest unites with 
tne nascent l^dtogcn and escape as gas; and fi!om this gas, which bums with a 
I>eculimr greyiui fl^c, the arsenic may be separated in the metaUie statei, eithsr by 
tipssiiig die gas, alter diyiim with chloride of calduin, through a nsivow gl ass tnb% 
one port cd which is heiSted to redness over a lamp^ the metal bdng then depo«itf4 



m ABSMG: 

in {fan ei^ mrt of tibe tnfao beyond tbe flune; or <dM ^ buniiig the at tiio 
'MEtFemity m tfie tube drawn out to a flue jet> and holding in the flame, near the 
nrifle^ a plate of dean white porcelain. The arsenic is then deposited on the plate in 
hrowi^h'blaek, shining metallic films, which may be distin^shed firom those of 
antimony formed in like manner (pp. 320, 322), by their eolubiUty in aqueous hypo- 
chlorite of sodium, and by other characters to be noticed hereafter. 

This reaction, which is known as JlfhrsA’s test, is extremely delicate, and is therefore 
much used in searching for minute quantities of arsenic, eroecial^ in cases of poisoning. 
A couTcnient apparatus for the purpose is that represented in Jtff, 72. ▲ is the gene- 
rating vessel, provided with a fiinnel-tube b, for introducing the amd and the solution 


Fig, 72. 



to be tested, o is a diying-tube containing chloride of calcium ; i> n the reduction-tube 
which should be of hard glass, free from lead. It is convenient to have this tube 
contracted at one or two points, as shown in the figure, and tm*ned up at right angles 
at the end, so as to form a vertical jot. The first thing to be done is to ascertain 
whether the zinc and acid are free from arsenic. Por this purpose, they must be intro- 
duced into the generating vessel, without the solution under exammation, and after the 
evolution of gas has continued long enough to expel atmospheric air, the reduction- 
tube is to be neated at a by a lamp-flame for about a quarter of an hour, and the gas 
act on fire at the jet f, a piece of white porcelain being held in the flame. If no de- 
position of arsenic takes place either in the tube or on the porcelain, the liquid to bo 
tested is then to be poured in through the frinnel-tube and the heating continued. If 
arsenic is present, it will be deposited in a shining mirror at b, a little beyond the 
flame. After a sufficient deposit has been obtained at that point, the lamp may be 
removed to e, when a second deposition will take place at d, and so on. If the^ quan- 
tity of arsenic is considerable, spots may also be obtained on a plate of porcelun held 
in the flame at n. The portions of the reduction-tube containing the deposits may 
then be cut off with a file, sealed, and reserved for frirther examination. Instead 
burning the escaping gas at n, it may be passed, by means of a tube joined to the 
reduction-tube by a caoutchouc connector, into a solution of nitrate of silver. Metallie 
silver will then be deposited, and the whole of the arsenic will remain in aolution aa 
arsenious acid. 

A solution of arsenious acid acidulated with hydrochloric or i^phuric add, is de- 
composed hy the stsetrio current, the greater part of the arsenic eUmiimted at the 
negative pole being given ofiT in the form of arsenetted hydre^n, whidi may be 
examined as above (Bloxam, Chem. Soc. Qn. J. xiii. 14). The apparatue used 
ecnaists of a two-ounce narrow-mouthed bottle, the bottom of which has been cut off 
and replaced hy a piece of vegetable parchment tightly stretdied over it, and secured 
hy a ligature of platinum wire (any ligature of organic nature, even vfficaiused caout- 
^ono^ would be quickly destroyed by the ozone evolved at the podtXTq pole). The 
bottle is fhmishea with a cork, carrying a small tube bent at nglrt cnC^cs» .and at- 
'taohed to the reduction-tube by n caoutcnouc joint, also a flumel-tube flxr iatnod nein g 
the liquid to be tested. Through the cork there likewise passes a platmum 
attarryiim a.plate of the same metal, which fbrms the negative pole of the voltaie eir» 
euit^ The bottle is placed within a glass of sudi a sue as to leave a small intearvil 
between the two. this glass standing in a vessd of cold water. An OODm of maffi 
jiul^uric add is introduced into the ai^pamtus, so as to flU the bottle ana the unUst 



to abMli ttw MSM lerd, ih* njutiTa |lato toong immited fa tijjraBM 
^Hhis outer epaoe. The emrent of a Toltaao batteiy (6 OtoTo's oeUs'^ 
ie then passed through the arrangement, and the shoulder of the inductioikNfho ia 
heated to redness for about a quarter of an hour, to ascertain whethw a^ ,d$oiN^ ^ 
arsenic is produced from the sulphuric acid its^ : if the result be negstrre^ the liduid 
to be tested is then introduced tnrough.the frinnelotube and the heating of the reauc- 
tion-tube is continued. This meth^ is extremely delicate, even of a grain of 
arsenious add diJihsed throi^h a considerable quantity of liquid, p^udng a per- 
ceptible deposit in the reduction-tube after 16 — 30 minutes. 

The electrolytic method of eliminating arsenic possesses certain advantages over that 
of Marsh : — 1 . It avoids the use of zinc, and ther^y obviates a frequent source of error 
arising from the presence of arsenic in that metal. — 2. It introduces no substance into 
the liquid that can interfere with its subsequent examination for other metals. — If 
any other metals are present, it precipitates them on the surface of the negative plate. 
Kven antimony is for the most part precipitated in this manner. When the reduction 
is effected by zinc, antimony if present is evolved, together with the arsenio (p. 322^, 
and the subsequent separation of these metals is troublesome ; but witli the olectrolytio 
method, as above described, only a very small quantity of antimony is evolved as anti- 
monetted hydrogen ; and even this quantity may be completely arrested adding to 
the liquid a solution of hydrosulphuric acid. Both antimony and arsenic are then 
converted into snlpbides ; but the sulphide of arsenic is reduced by the electrolytic 
hydrogen as easily as arsenious acid (see below), whereas the sulphide of antimony 
completely resists the action of that agent, and remains in the liquia 

3. Of Arsenic Compounds, — A solution of arsenic acid gives with nitrate of silver^ 
without addition of ammonia, a red-brown precipitate of arsenate of silver easily soluble 
in ammonia and in nitric acid. It does not precipitate svlphats oj copper until am- 
mcmla is added, and the precipitate then produced is of a pale bluish-white colour, 
quite distinct from Scheele’s green. With sulphate of magnesium^ ammonia^ and 
i hloride of ammonium (the last being added to prevent the precipitation of hy- 
drate of magnesium), arsenic acid forms a white c^stalline precipitate^ of arsenate 
of magnesium and ammonium, A8Mg^(NH^)0^ + 611^0, similar in appearance and 
in constitution to the phosphate of magnesium and ammonium. It the solution 
is veiv dilute, the precipitate does not appear immediately but is deposited in 
crystdJB, after a few hours on the sides of the tube. Molybdate of ammonium added in 
excess to a solution of an arsenate containing free nitric acid, yields, when the liquid 
is heated, a bright yellow precipitate of arseno-molybdate of ammonium ; exAcUy 
similar to the phoaphomolyrbdate (see Fhosphoeio Aon>). This precipitate if in* 
liable in acids, but soluble in ammonia, and in excess of the arsenio solution; hence 
it is especially adapted for detecting small quantities of arsenic acid, and is indeed 
one of the most delicate tests for that add, provided no phosphoric add is p^ 
sent. With eesyuisalts of iron and uranium, arsenic acia forms yellowish- wnite 
precipitates. With Uad-ealts, it forms a white precipitate of arsenate of lead, which 
when heated on charcoal in the inner blowpipe flame, gives off the odonr of arsenic^ 
and yields a button of metallic lead. Hydrosulphuric acid gas passed through a solution 
of arsenic add colours it yellow at first, and after a long time produces a yellow pn* . 
cipitate of trisulphido of arsenic, mixed with sulphur, the predpitation being accelerated 
by heat. A solution of a neutral arsenate oi alkali-metal, through which hvdro- 
Bulphuric acid gas is passed, yields the same precipitate on addition of hydtochlorin 
acid. Sulphurous acid, phosphorous acid, and other deoxidising agents reduce arsenie 
add in solution to the state of arsenious acid. Hence in a solution of arsenio odd 
mixed with sulphurous acid or a soluble add sulphite, hydrosulphuric add produces 
an immediate predpitate of trisulphide of arsenic. 

Kaseeni hydrogen evolved by the action of zinc on dilute sulphuric or hydxoehlOrie, 
^d, converts arsenic add into arseuettM hydrogen, which is evolved as gas (flc heele, 

I^ Clmelin); but the action is much slower than ^th arsenious acid, when fm 
^tric current is passed thioi^ a solution of arKuic add, metallie anenis is 
deposited on the negative pole (dmeUn’s Handbook, iv.), and arsenetted hydrogen is 
evolved provided no cUortdee are present (Bloxam) ; on adding snlpbnrons aocL or 
acid sol^Jw of sodhun to the solution, whereby the arsenic add is reduced to arsenlons 
add, the evolution of arsenetted hydrogen is spoatly accelerated. The same efiSnst is 
produeed, even with greater certainty on adding aqueous bydroanlphnrie add to the 
solution. *This effect is also chiefly doe to the reduction of the ameiiic add. to 
Msiioua add; but even when the l^dzoenlphurie add is added in exceei^ the erola* 
tion of anenetted hydrogen stiU takes places the axaenie umting with the hydfogpil 

pceflmDM to Oie ei4hiS (Blonam, €h^ Qm X xiiL 130.) 

Coa^ponade Ineolnble in water, assy be ezenMaed fer araanie hy diasdvi^g flitil in 
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hydedflhioria 9 md ; passing hydiosulphtiric acid gas throngli the solution ^ d^^esting 
tUe preeimtate with ffulplude of unmomum, to mssolve out tho sulphide of azsenic; 
and piue&itating the smphide of arsenic hy hydrochloiic acid« The precipitate may 
then be (med, and redact by heating with carbonate of Bodium and charcoal, or dis- 
solTcd in hydrochbnc add, with ad(Ution of chlorate of potassium, and the sdution, 
which will contain arsenic add, tested as above. 

,The following characters taken together are suffident to distinguish arsenic firom all 
other substances, 

1, Formation of a black shining metallic sublimate by one of the methods of reduc- 
tion above described. 

. 2. Conversion of this metallic deposit into white crystalline arsenious oxide by sub- 
limation in contact with the air. 

3. Solution of this sublimate in boiling water, and production of the reactions charac- 
teristic of arsenious acid, viz. yellow with hydrosulphuric acid, yellow with ammonio- 
nitrate of silver, light green with ammonio-sulphatc of copper. 

4. Solution of the metallic sublimate in hot nitric add, and production of the re- 
actions characteristic of arsenic acid, viz. red-brown with nitrate of silver, white 
crystalline with ammonia and magnesium-salts, bright yellow with molybdate of 
ammonium. 

The metal with which arsenic is most likely to be confounded, is antimony, 
especially when the reduction to the metallic state is effected by Marsh’s method, 
(pp. 320, 322.) The arsenical and antimonial deposits obtained in this manner, may 
however be distinguished by the following characters : 

The arsenic-mirror has a strong lustre, and a black-brown, or brown-black colour; 
thin films of it formed in a glass tube, appear perfectly translucent, with brown colour, 
when held before white paper. On account of the volatility of arsenic, tho deposit 
is formed only at a certain distance from the heated portion of the tube, and always 
on the side towards which the stream of gas is directed. The spots formed on porce- 
lain have a black-brown, or when very thin, a brown or light brown colour. Tho 
antimony mirror on tho contrary is formed in tho reduction tube on both sides of tho 
fiame and close to it. Where most strongly heated, it has a whiter colour, and when 
examined by a lens, exhibits small fused metallic globules. It is brownish in thin 
films, but not continuously brown and shining, like that of arsenic. Antimony-spots 
formed on porcelain are velvet black, and without lustre, unless very thin ; in that case 
they have an iron-black, or dark plumbago colour, brownish-grey at the edges. 

a the part of tho reduction-tube containing the arsenic-mirror be cut off, and heated 
in a small lamp flame, tho fiame exhibits the characteristic greyish colour, and the 
strong garlic odour of arsenic becomes perceptible. If the pieces of tube covered 
with arsenic are heated in a narrow test-tube, the characteristic white crystalline 
sublimate of arsenious oxide is formed, perfectly soluble in boiling water, and ex- 
hibiting tho characters above-mentioned. 

The antimony-deposit does not nve off any odour when heated in a lamp-flame, and 
if heated in a wide test-tube, yields a white shining sublimate of oxide, which is in- 
soluble in water and in ammonia, but dissolves readily in hydrochloric acid, the solu- 
tion yiddihg with hydrochloric acid the characteristic red precipitate of antimonious 
sulphide. 

The arsenic-mirror dissolves readily in an alkaline solution hypochlorite of sodium, 
the solution exhibiting the characters of arsenic acid. The antimony-mirror is in- 
soluble in the same liquid, provided it does not contain free <^orine. 

Nitric acid of specific gravity 1'2 to 1*3 dissolves the arsenic deposit in the cold, OP 
at a gonUo heat, the solution exhibiting the characters of arsenious acid ; at a stronger 
boat, arsenic acid is formed. The same acid likewise dissolves the antimony mirrOT, 
.but the^ solution is turbid, gives no precipitate with nitrate of silver and ammonia, 
orange-yellow, with hydro^phuric acid. 

A Teiy good way to identi^ arsenic spots is to collect one or more in a watch-^UtfS^ 
add a drop or two of nitro-hydrochloric acid — evaporate quite to dryness, moisten 
with water, and then add nitrate of silver solution. 

Yellow sulphide of ammonium dissolves arsenic spots with great diffii^^, and 
never completely ; and on evaporating to dryness, there is always left a gisy stain of 
aisenio in the midst of the yellow o^iment Antimony spots dissolve once and 
eMpletely, and the orange-red sulphide of antimof^ ‘1^ on evaporation, dissolvea 
completely in hydrochloric acid, being chloride, which volatilises, or 

leaves a slight residue of white 

The arsenic-deposit is easily dissolved acid with adcUtim 

of chlorate of potauium, and the solutiojljSf^M^MW^B^eeii^ mixed witit 
ammonia and tartaric add, the ciystalliae doracteiistie of made addL 



The etmilioly treated, diaaolTeB only Trhen heated, and 

mixed with Ontario add and ammonia ia not inredpitated hy magnedum^ealts,- 
^^en amenettod hydrogen ia paased into a solution of niirat$ of 
silTer ia precipitated, and ^ the araenio remains in aoluiion as araeniooa aotd, wllidh 
may ho raecipitated hy anlphuretted hydrogen, &c.; but when antimonetted hyd^ram 
is paasod into nitrate of silver, the whole of the antimony ia precipitated in l^e 
metallic state, together with the silver, and the solution, after boinff freed frpm >exoee8 
of silver by hydiochlorie add, gives no precipitate with sulphuretted hydrogen. 

It often happens that antimony and arsenic are evolved together as meona hy- 
droiren-compounds. In that case, the two metals may be separated by the reaction 
with nitrate of silver just mentioned * ; by dissolving the metallic mirror in hydro- 
chloric add, with addition of chlorate of potassium, then adding tartaric acid and 
ammonia, and precipitating the arsenic by sulphate of magnesium; or by gently heat- 
ing the deposit in a very dow stream of diy sulphuretted hydrogen, whord>y both are 
converted mto sulphides, and then passing dry hydrochloric acid through the tube. 
The sulphide of antimony is thereby converted into chloride, which passes on with tho 
stream of gas, and may be received in water and further tested, while the sulphide of 
arsenic remains unaltered. If the hydrochloric acid gas ia not perfectly dry, a small 
portion of the antimony will be left behind as oxide. 

For other methods of separating arsenic and antimony, see page 368. 

Detection of Arsenic in cases of Poisoning , — Nearly all compounds of 
arsenic are poisonous, the most soluble being, generally speaking, tnose which act with 
the greatest violence. But arsenious oxide, commonly called arsenious acid^ being tho 
most generally known and easily procured, is that which is most likely to be met witlx 
in cases of poisoning by arsenic, whether accidental or intentional. 

As arsenious oxide is but sparingly soluble in water, and is generally administerod 
in the solid state, mixed with viscid articles of food, such as gruel or rice, it some- 
times happens that, by careful examination, small lumps of it may be found adhering 
to culina^ vessels, &c., or even to the coatings of the stomach and intestines after 
death. When this is the case, tho arsenic may be picked out and reduced to the 
metallic state by heating it with charcoal. 

If the arsenious oxide is too finely divided to be picked out in this manner,, it may 
sometimes be separated by stirring up the mass several times with water, and leaving 
the heavier particles to settle. Any solid arsenious acid that may be present will bo 
Htirc to bo found in the residue, and may then be washed with cold water and dried 
over tho water-bath. 

Tho oxide thus separated may be reduced to the metallic state by heating it in 
a small test-tube with charcoal, as described as page 361. A good way of effect- 
ing tho reduction, is to place the dried granules or powder at the bottom of a small 
test-tube, drawn out aa shown in Jig, 73, and place above it a splinter of well-dried 


Pig. 73. 



charcoal, a. The tube is first held in a horizontal position with the part a in the 
flame of a lamp, so as to heat the charcoal to redness ; it is then gradually indined 
to volatilise the arsenious add, and cause tho vapour to pass over the ignited charooaL 
A speculum of metallic arsenic then collets at the shoulder of tho tube^ and may after* 
wai^ be reconverted into arsenious oxide by sublimation in contact with the air» os 
already described (p, 361). 

More frequently, however, the arsenic is intimately mixed with huge quantities hi 
oigonic matter, such as articles of food, vomited or evacuated matters, ppitions of the 
amm^body, as the stomach, liver, &c. Inauch cases, Beinsch’s test (P* 361)msybe 
very conveniently tilled. The suspec^ matter, if H^d, is acidulated with about 
one-sixth of its bulk of hydrochloric acid and boilisd. Tho solid tissue is cut up into 
veiy small pieces and boiled for some time in a mixture of 1 pt. of hydrochlorio add, 
and 6 parte of water, till the whole is completely dismtogratod, and then strained 
through muftoit filtered through ^por previously wetied. Pieces of oopper-gauze or 
foil are then to be immerMd in ^e liquid, and if any grey dimodt is produced^ 

r— 1 . . • , , , _ — iptible alteratiQit of colbur tJket place 

be removed, washed with distilled 

thiw prerlpluted ts,sitsr ctreftillr wuhfna 
tairUrie arid ; tlM ssttmdir lh«a 
TmaBB, ClMBk ioc. <|u, 


fresh pieces must be added as 
on the sorfiiee of the metaL 


• The best mode of drtartliit 

^ tlM anmiiHu ackl,to 




. Ajmsimxs m^ 

dried befev^ bibnloiu paper, folded ap» introdooed iate a dry teafc4idM^^ 
and lieoted oTer a lamp. The arsenic is thereby converted into arsenioos Oizlde^ irluch 
eolleets on the cold part of the tube in the form of a crystalline sublimate. It may be 
dissolved in water and tested with nitrate of silver, &;o. Inasmuch as Beins^’s. 
cess involves ^e solution of a minute quantity of copper, the foil or gause employed 
should be BO far free from arsenic that the solution of four or five grains of it should 
no^ield a trace of the poison. 

The ardenic may also be detected by other methods which, however, fi>r the most 
part require more complete destruction of the organic matter. This may be effected 

one of the following processes : 

1. The organic matter is mixed with about a fourth of its weight of strong sul- 
phuric acid, and heated till the whole is reduced to a dry friable carbonaceous mass; 
and this residue, after bein^ pulverised, is treated with nitric acid mixed with a small 
quanti^ of hydi^hloric acid, in order to bring the arsenic to the state of arsenic acid, 
which IS veiy soluble in water. The mixture is then evaporated to diyness, and the 
residue boiled with water and filtered. If the organic matter contains alkaline chlorides, 
which is frequently the case, care must be taken not to heat it more strongly than is 
necessary for complete incineration, otherwise a portion of the arsenic may be converted 
into chloride and lost by volatilisation.-— 2. The organic matter is gently heated in a 
tubulated retort with strong hydrochloric acid, and nitric acid is added by small 
portions at a time. The organic matter is thereby completely destroyed, with the 
exception of the fat. The liquid, which is transparent and colourless, is then decanted 
from the fatty matters ; the latter are well washed with water ; and the washings, toge- 
ther with the distillate in the receiver, are added to the Tnain bulk of the liquid (Gaul- 
tier de Claubry, J. Pharm. [3] xvii. 125). — 3. Chlorate of potassium may also be 
added in successive portions instead of the nitric acid. — 4. The organic matter, after 
being comminuted as miicb as possible, may be suspended in water, and chlorine gas 
passed through the liquid till the organic matter is partly destroyed and partly de- 
posited in brown fiakes. — S. The organic matter, after being dried, is mixed with 
nitre, and the mixture projected by successive portions into a red-hot crucibla The 
arsenic is thereby converted into arsenate of potassium, which dissolves readily in 
water. (W 6 hi er.) 

Mr. Graliam finds that a most effective separation of the organic matter capable of 
interfering with the precipitation of arsenic by reagents, may be effected by ms appa- 
ratus for the diffusion of liquids. A fiat hoop of white wood or gutta-pereba, a^ut 
ten inches in diameter, is covered with a sound sheet of parchment-paper, so as to form 
an instrument like a tambourine in form. The organic fluid is placed within the 
instrument so as to cover the parchment bottom to the depth of half an inch, and the 
whole is then floated upon distilled water, contained in a basin. Three-fourths of the 
arsenious acid present are found to escape by diffusion and enter the water below, in 
the course of twenty-four hours, gi>ing a perfectly colourless solution. To this liquid, 
when concentrated, all the ordlnuiy tests of arsenic may be applied. (See Biffubioic 
OF Liquids.) 

A clear solution having been obtained, the arsenic may be separated from it in 
either of the following : 

1. JPireczjHta/ion as 2risu{pAieie. — ^The clear arsenical solution is saturated with sul- 
phurous acid to reduce the arsenic acid to arsenious acid, the excess of sulphurous acid 
18 expelled by gentle heating, and a stream of sulphurett^ hydrogen gaspaeeed through 
the liquid for a considerable time. The precipitated trisulphide of arsemc is then care- 
fiiUy washed with cold water, dried, and reduced to the metallic state by heating it in a 
smml tube having a bulb blown at the end with a mixture of dry carbonate of sodium and 
charcoal, or cyanide of potassium. The bulb, ^^r the introduction of the mixture^ 
should 'first be gently heated over a lamp to expel moisture, the tube then wiped out 
with filtering paper, and the bulb strongly heated in the blowpipe flame. A ring of 
metallic arsenic is then deposited in the tube, and may be treated as already described. 

2. Conversion into Arsenetted Bvdrogm , — This may be effected either by Marsh's 
or by Bloxam's process (p. 362). The former has long been used by toxicolcgistia 
It is extreme^ delicate, and indeed has nearly superse&d all other methods, exeqptr 

that of lleiiisch. If the liquid to be tested has been effectually freed frm 
(U^aiiio matter by either of the methods just nven, so that there' is no« lon^ eaaf 
danger of fimthing, it may be introduced, t<m£er with the sine and sulphuno ado, 
ittto aa ordihaKy gas-generating vessel, provmedwith a drying tube and rednetiott* 
Mbe (p. 802). Peculiar forms of apparatua bave^ however, oeen devised fun perifeiitt-' 
log the proiM without the trouble of oompletely removing the organic matter. Sosll 
is the orign^ apparatus cd Marsh, a figmm and deseri^on of which ore giyea hi 
Oroham’s^BlBiiteBti of Chemistry, 2nd ed. vol iL p. 2X5. Another form of «ppi» 
retuS) eoutmed for the pnrpoee by a eommittee of the Frasatafi govenittaal^ 
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It is firnud hxnwmtt prewee of ofgamo matter eometimei oomplieitdjr pre« 

Tents the detection if minute quantities of arsenio bv Marrii'sprooeM (Oalin|^< 
GuVa Hospital Bepori^|:3] t. 367 : Pbaim. J. Trans. [2] 1. 874). S^oe it is better m 
all fpaw, before applying this test, to eliminate the brganic mat|er by one of the pro* 
cesses abore descnW. It must be obserred, howeyer, that all thm processes yield , 
the arsenic in the form of arsenio acid, so that it becomes necessi^ to add sulphuroim 
acid or add sufohite of sodium, in order to reduce it to arsenious acid. Another 
mode of proceemng, recommended by Odling (loc, cit:), is to min the suspected sub* 
stance wiw strong hydrochloric acid, distil to diyness and test the distillate. In this 
case the addition of sulphurous acid is unnecessary. 

Bloxam^s dectrol^c process is of recent introduction and has not, so far as ire are 
aware, been yet applied in judicial investigations ; but it appears to presont several 
advantages over that of Marsh, especially in securing, by the addition of hydrosul- 
pburic acid to the Hquid, the complete separation of arsenic and antimony, the former 
^ing then evolved as arsenetted hydrogen, the latter remaining wholly in the liquid. 
The certainty of this separation is of especial importance in tl^e investi^tion of cases 
of poisoning by arsenic, inasmuch as tartar-emetic is often given in such cases to pro* 
duce vomiting. 

In all processes of testing for arsenic, it is of the utmost importance to ensure that 
the indications obtained of the presence of that substance do not proceed from the 
reagents themselves. ArBcnic is very widely diffused in the mineral kingdom, and 
hence it is by no means an easy matter to procure reagents absolutely free from it. 
Sulphuric aci^ hydrochloric aci^ and zinc are often contaminated with it, and con- 
sequently Marsh’s process, in which these reagents are employed, is very liable to give 
incorrect indications, unless the precaution be taken of testing the reagents in the 
manner already described (p. 362) before introducing the suspected liquid. Sul- 
phuretted hydrogen, evolved by the action of dilute sulphuric acid on i^phido of 
iron often contains arsenic^ proceeding irom one or both of the substancefi used ; but 
that which is evolved by heating native sulphide of antimony with hydro^loric acid 
is generally free from it, because sulphide ox arsenic, even if present in the sulphide of 
antimony, is not decomposed by hydrochloric acid. The complete destruction of or^io 
matter by the processes described at page 366, requires the use of considerable quantities 
of sulphuric or hydrochloric acid ; consequently the arsenic contained in the acid k 
likely to accumulate in the resulting liquid in sufficient amount to make itself visible 
in the subsequent examination, even though the projportion of it contained in the acid 
may be too small to be perceptible in the comparatively^ small quantities required fbv 
the actual testing. This consideration tends rather to induce a preference formeffiods 
which do not require so complete a destruction of the organic matters, such as Beinsch's 
or the electrolytic process. 

Quantitative Eetifnation of Arsenic, — When arsenic is contained in a solu- 
tion entirely in the form of arsenic ucid, it is best to precipitate it in the form of 
arsenate of magnesium and ammonium, AsMg^lNH^)!)* + 6HH>, by mixing the 
solution with excess of ammon^ and then with sulphate of magnesium, adding also a 
quantity of chloride of ammonium sufficient to prevent the prempitation of hydrate of 
magnesia by ammonia. The liquid is left to stand for some hours, and the precipitate 
is collected on a weighed filter, and washed with water containi^ ammonia. It may 
then be dried, either in vacuo or sulphuric acid, in which case it retains all its warn 
of crystallisation — ormore expeditioumy at 100 ®C., in which case it loses ^ of its water, 
and is Fenced to AsMg"(NH*)0* + *H*0, or rather 2[AsMg'XNH*)0*] + H»0, from 
wmeh the quantity of arsenic is easily calculated. 

If arsenic exists in solution in the form of arsenious acid, ft may either be bco^i^ 
to the state of arsenic acid by oxidation with nitric acid, and the arsenio detenuined' 

M ahove,^ or the exsenic may be precipitated ae trisniphide fay hydrosulphurio ad^ 

II I’eing previouafy aciaalated with hydrocluorio acid, and the pireekftate 

Mlieeted on a weighed filter, washed end dried at a temperature a little i^faove 166^ 0. 
if the trisniphide were quite pure and definite, its quanUfy might be it oner deter- 
mined by ddlncting the weight of the filter ftom the gross wekht, and 'the qnimrily 
of aiMic calcnlaM firom the fontnile As^. But, as the preeipitete elmoat siksmB 
oontexns ftee sa^ur, the quantily of arsenic in it must be estimiited by cxidieing ta# 
emphur witii strong nitric add, and proceeding in a manner exacify aiaiilar Is Ibeil 
which hM bsen deeetibed for the estimation of antimony (p. 8211 
drsenum add inay alao be estimated by its reactioiiirith tricMceide of giM iHNMi “ 
converts it into axaenic add, and at the eame timeyidds g pddpikte m mifiafifie 
4 af yjd cewMpoMding to 3 rt. MiwiioiiiMid; 
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arsenic i 0^ 

ihr«e mctah X8 attended with eonsideral^a dMcaity. Tlie lwBt mode of eflfeetiilg 
is to oonTe^ them into arsenal^ antihumte, and etannate of sodium, and tseat the 
mixture with dilate alcohol of a certain strength, which dissolves the arsenate and 

Btannate of sodium, and leaves the antiinonate undisaolved. 

If the three metals exist together in solution, they are precipitated as sulphides hy 
hvdrosulpburic acid, and the sulphides are in a silTer crucible with a mixture 

of nitre and caustic soda ; or, better, they are oxidised by heating them with strong 
nitric acid ; and the solution, together with the insoluble stannic and antimonic acul^, 
is mixed with excess of caustic soda and evaporated to a small bulk, then transfemHi 
to a silver crucible, evaporated to dryness, and fUsed for some time at a red heat. 
The fhsed mass, consisting of arsenate, anti men ate, and stannate of sodium, is disin- 
tegrated by digestion in warm water, the contents of the crucible are transferred to a 
beaker glass, and the crucible is well rinsed out with a measured quantity of water. 
The greater part of the arsenate and stannate of sodium then dissolves, while the 
antimonato remains undissolved. But to effect complete separation, a quantity of 
alcohol of specific gravity 0*833, is added equal in bulk to one-third of the water used j 
the mixture is left to stand for 24 hours and frequently stirred ; and the antimonate of 
sodium, which has then completely settled down, is collected on a filter and washed, 
first with a mixture of 1 vol. of the same alcohol and 3 vols. w'ater ; then with 1 vol. 
alcohol to 2 vols. wjiter ; next with a mixture of equal measures of water and alcohol ; 
and, lastly, with 3 vols. alcohol to 1 vol. water. 

The antimonate of sodium, separated by this process, is digested in a mixture of 
hydrochloric and tartaric acids, which dissolves it comjdetely ; the antimony is then 

S recinitated by hydrosulplmric acid, and its quantity estimated in the manner already 
escribed (p. 320), 

The filtrate containing the arsenate and stannate of sodium is supersaturated with 
liydroehloric acid, which throws down a bulky precipitate of stannic arsenate ; hydro- 
Fulpliuric acid gas ia passed through the liquid till the white precipitate is completely 
converted into a brow*n mixture of the sulphides of tin and arsenic ; the whole is left to 
stand till the odour of hydrosulphuric acid is no longer perceptible ; the precipitato is col- 
lected on a weighed filter ; and the filtrate is heated for some time to expel the neater 
part of the alcohol, then mixed with sulphurous acid, and again treated with hydrosul- 
}>Iiiiric acid, whereby a small quantity of sulphide of arsenic is generally precipitated. 
This quantity of sulphide of arsenic beinpj quite free from tin, need not 1 m» added to the 
mixed sulphides on the filter. These mixed sulphides are dried at lOC^C,, their total 
weight determined, and a known quantity heated in a stream of hydrosulphtiric acid 
gus in the manner described at page 308. Tlie residual sulphide of tin is then con- 
verted into stannic oxide, and the sublimed sulphide of arsenic, together with the 
small qii.'intity separately precipitated, is converted into arsenic acid by treatment 
w ith hydrochloric acid and chlorate of potassium, and the arsenic precipitated as am- 
nion io -magnesian arsenate. (II. Kose, Anulyt, Chem. 1801, ii. 229.) 

This method is long and tedious, but gives accurate results. The most troublesome 

E art. of it is the disintegration of the fused mixture of the sodium-salts, which is very 
artl. To obviate this inconvenience, Professor Williamson dissolves the precipitatea 
eulnhidcs of the three motals in a mixture of sulphide of sodium and caustic sodo^f 
and mixes the solution with hypochlorite of sodium. The Bul])hidf*« are thereby con- 
verted into arsenic, antimonic, and stannic aciils, which combine with the sodi^ and 
may be separated by treatment with dilute alcohol as above. 

If the three metals are in the state of solid oxidc^s, the mixture may be dissolved in 
hydrochloric acid, with addition of tartaric acid, and the metals precipitated as 
pulphides as before. If the metals are mixed in tlio form of an alloy, they may bo 
dinmlved in aqiia-regia, tJie solution mixed, with tartaric acid, then diluted, and pre- 
cipitated in the same manner. 

The method jnst described may, of course, be applied to tlie separation of antimony 
from tin or arsenic alone. In these cases, however, the simpler methods above given 
are praferable. 

Bunsen has lately introduced a new method of separating arsenic from antimony 
and tin, dependiim on Jhe action of acid sulphite of potassium on the sulphides of 
thoHc metals. When imently precipitated trisolphido of arsenic is dig^ted with 
a solution af^ sulphite of potassium containing excess of sulphurous acid, it dissolves 
St fin^ ; but on raising the heat to the boiling point, the liquid becomes turbid frm 
(hp^ition of sulpbor, wb^b, however, is dissolved Ibr tlie most part by eontuined 
boiling. Sulphurous acid is ate given ofif^ and the liquid contains arseiiito and hypo* 
sulphite of potassium ; 

2Aii*S* + 16KH30* -r 4KAsO* + 6K*8*0» + 8S + 780* + SflPO 

AHd mtlphte* Artmiftcof H/poswlphlls 
ofpMtawhim. potAMlutn. of poCMsfom. 
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Tbe* sulphides of tin and antimony are not affected by acid snlphito of pot^not 
Consequently, when a solution of wese three sulphides in sulphme of potassiaih u 
precipitated by a large excess of sulphurous acid, the liquid digested for son^ time 
over the water-bath, and then boiled to expel the excess of sulphurous asid,4he sul- 
phides of tin and autimony remain undissolved, while the whole of the arsenic passes 
into solution, and may bo precipitated from the filtrate by hydrosulpburic acid. If 
only sulphide of antimony is present in the residue, it may be washed with pure water; 

. but disulphide of tin thus washed is sure to pass through the filter ; hence, if tin is 
also present, the residue must be washed, first with a saturated solution of chloride of 
sodium, and then with a slightly acid solution of acetate of ammonium to remove the 
chloride of sodium ; after which it may be dried, the ammonium salt then volatilising. 
The washing cannot be performed with acetate of ammonium alone, because arsenics 
never completely precipitated by hydrosulpburic acid from a solution containing 
. acetate of ammonium, that salt being in fact partly decomposed by hydrosulpburic 
acid into free acetic acid and sulphide of ammonium, which retains arsenic in 
solution. Hence the liquid which runs through in washing out the chloride of sodium 
by acetate of ammonium must not be added to the first wash-water containing the 
arsenic. (Ann. Ch. Pharm. cvi. 8.) 

Valuation of Arsenic Ores, — To ascertain the amount of metallic arsenic that can 
be obtainodi^m an ore, the ore is gradually heated to redness in a retort or earthen 
cylinder, dwr alone or, if it be a sulphide, with potash or quick lime. The greater 
part of the sublimed arsenic may be collected on a thin iron plate rolled up and 
inserted into the neck of the retort, and the rest on a cone of copper foil luted on to 
the neck, a small aperture being left to allow the escape of gases. The sublimed 
arsenic is then collected and weighed. Commercial arsenious acid may be assayed in a 
similar manner by heating it with 16 to 20 per cent, of charcoal. 

It is seldom required to ascertain the quantity of arsenious acid (anhydrous) that 
an ore will yield by roastiug. A more frequently occurring problem is to determine 
the proportion of pure anhydrous arsenious acid contained in a crude product. If no 
other volatile substances are present, the amount of the pure anhydrous acid may be 
determined by sublimation in a retort ; in the contrary case, the arsenious acid may 
be dissolved out by boiling water, and its amount ascertained by weighing the residue. 

The quantity of pure sulphide which may be obtained from an ore, realgar, orpi- 
ment, arsenical pyrites, &c., is found by sublimation. (Kerrs Bnttenkunde^ Bd. ui 
l*»Abth. 8,2.) 

AXflWZCf AXiXiOYB OS’* Arsenides , — Arsenic unites by fusion with most 
metals, forming alloys which are generally brittle. With potassium and sodium it 
forms alloys which give off nrsenetted hydrogen gas when thrown into water. With 
trpn, sfinc, and tin^ it forms brittle compounds ; with copper ^ a wliite malleable alloy; 
with ffold and silver ^ grey brittle alloys ; with lead and >vith antimony, hard, brittle, 
very frusiblo compounds. It is introduced into the lead used in the manufacture of 
shot, to prevent tailing, and cause the metal to run into regular globules. 

Metallic arsenides heated out of contact of air, either retain the arsenic altogether 
nip give it up^but partially. The alloys of arsenic and antimony are completriy de- 
composed by ignition at a moderate heat in an atmosphere of carbonic anhydride, the 
psenic volatilising and the antimony remaining. When an alloy of arsenic is heated 
in contact with the air, part of the arsenic is evolved as arsenious oxide, while the 
rest remains in the form of a metallic aisenite or arsenate. The arsenides of the 
alkali-metals dissolve in hydrochoric or dilute sulphuric acid, with evolution. ^ 
nrsenetted hydrogen ; the arsenides of heavy metals are little, if at all, attacked by 
any acid, except nitric acid or aqua-regia. By fhsion with nitre, metallic arsenidca 
are converted into basic arsenates ; when tlio arsenides of the hoary metals are ffised 
with nitre and an alkaline carbonate or hydrate, and the fhsed mass is treated with 
water, the whole of the arsenic dissolves as arsenate of alkali-metal, and the heavy 
metal remains in the form of oxide free from arsenic. Arsenides are not decomposed 
by fiision with alkaline carbonates alone or mixed with charcoal, but if sulphur be 
added, a sulpharsenite or sulpharscnatc of the alkali-mctal is formed, and the other 
metal remains as sulphide free from arsenic. 

Many metallic arsenides are definite compounds in atomic proportion, and in that 
lespect differ from the generality of alloys, which are mere mixtures of their oonaCituent 
m^ols in indefinite proportions. In this respect, as in some others, arseme lesemlta 
the metalloldi rather than the true metals. The distinerion is, however, >ii(^ alw>Iiit% 
as many of the metals proper form with one another alloys constitnted in 
atomic pfopOrtiona. 

Many metalUe arsenides occur in natoml minerals, e.^. tsW 

awA'ri jsyrilw, NIAs^ fsssmi/ (Co ; Ni ; Fe) As*, &c. 



Ar 9 eM 9 ii^Anih»onyi also called Ailem&ntiUt is liMiiid JLflettoii^ in the CTialan^ 
Ifioniitaiii^ deypiir^^ of Is^re ; also ^ AndreaslMug,^ &e.; ocenrrtQg in 

reina ^ together with native antimonj; antitti^ and arsenical cobalt It 

fonns flnMrained, spherical, and kidney-ehap^ maases, with uneven fhbcture. Specific 
ffnv¥tr ^^ Bildness 3'd. It is of a tin-white oolonr, opaque, with a fidnt lustre, 
and in general appearance more or less raiemhling native arsenic. It oontain% aetcord- 
ing to Kamm^bcarg'a analysis, 37*9 per cent. Sb to 32*1 As, corresponding to 1 at 
Shi 2*6 at As [8b 120*3], whence it would appear that the two nietals are not 

combined in atomic proportions, but i8omor|>hously mixed. 

The other metallic arsenides will be described with the several metids. ^ 
jkMBXMHOt SSOBOmB Ol*. AsBr*, is prepared by shaking arsehio in jMwder 
into a retort fiUed with bromine vapour — the bromide of arsenic being distill^ firom 
the excess of arsenic ; also, according to Nickl^s (Compt. rend xlviii. 837), by tMting 
ptdverised arsenic with a solution of bromine in sulphide of carbon : it then emtal- 
lises fxoiu the solution. It forms a white crystalline mass, which melts at 20^— 
25^ C. to a pale yellow li(]uid, boils at 22^ C., and in the fused state ftunes but slightly 
in the air : in contact with water it is converted partly into arsenious acid and hydro- 
bromic acid, partly into oxy bromide of arsenic (p. 386). 

AJUiSmCy CB&O&ma oa. Buteer of Arsenic; Caustic AsCl\ 

— This is the only known chloride of arsenicv and corresponds to arsenufipBcide, Ab* 0*. 
It is produced when finely divided arsenic is brought V, contact with chlorine — the 
metal becoming ignited b^ the intensity of the combination. The same compound is 
obtained by distilling a mixture of 1 part of metallic arsenic and 8 pts. of corrosive 
sublimate ; also by distilling arsenious oxide with strong hydrochlorio acid, or wi^ 
common salt and sulphuric acid in excess. A colourless, oily, and vciv heavy liquid 
iH obtained, which is decomposed by water into arsenious and hydrocnlorie acid ; if 
the quantity of water is insumcient for complete solution, oxychloride of arsenic (p. 386) 
is produced It docs not solidify even at —29"^ G. Boils at 132°, producing a yapour 
whose density is 6*3006 (Dumas). It evaporates in the air at or^nazy temperature^ 
producing white fumes of arsenious oxide. It is highly poisonous. ^ . ^ 

Ammonio^ehloride of Arsenic, Aa*H*^WCi* ^ 2AaGl*.7NH* (H. Bose, Pogg. Am^ 

62 lii.), or 2(NHA£fcl).4NII<CLNH* (Pasteut, Ann. Ch. Pharm. TxyiiL 207).— .|>5r 
ammonia gas passed into chloride of arsenic is rapidly absorbed, forming a whateJImA 
body, wliich is soluble in water and in alcohol, and crystallises therefirom wfmbut 
alteration. It is decomposed by heat, and according to Pasteur, ammonia ia first givea 
off, and then the residue volatilises completely, yielding a sublimate, in which cubea 
of sal-ammoniac can be detected by the magnifying glass. It is decomposed 1^ hot 
water, ammonia being evolved, and arsepious acid and sal-aromoniao remaining in 
solution. When cold water is poured upon it, it becomes heot^ gives off ammonia, 
and forms a solution, yielding. by spontaneous evaporation six-sided tables, which 
may be regarded as a compound of chloride of arsenammonium with arsenious oxide 

and water, 2(NHAs.Cl).As*(P.4B[^0. This compound treated with strong aqufbiif. 
ammonia is converted into a hard mass of long six-sided tables, consisting (X tiUM* < 
ammonic arsenite, A8(NH^)0^ wliich quickly decomposes in solution, and still tuocie 
quickly in the solid state, giving off the greater part of its ammonia. 

AMBMXiXC, nbVOUSB OB* AsF*, is produced by mixing I pt. of flifiCKMqMur, 
purified by ignition, with 1 pi. of arsenious oxide and 3 pts. of strong sulphurie acid 
in a leaden retort, and heating the mixture till it boils. It is a transparent^ eolour^ 
less liquid, of specific gravity 2*73, very volatile, boiling at 63° C., and filming strongly 
in the air ^en, at ordinary temperatures. The vapour is about four times as heavy as 
atmosplmric air. A drop of the liquid coming in contact with the skin evaporates 
almost instantly, but nevertheless produces a painful wound, which suppurates for a 
long tine like a bum. It attacks glass but slowly in a close vessel, but in contact 
^th moisture, it is decomposed, yidding arsenious acid and hydrofluoric acM, which 
corroto the glass. With water, it farms a dear liquid, which oonodey glasa, but 
scarcely attacks sine or tin. 

1 W ItltfllMB OWm contains two comnounds with hvdrogeii. 

one TOlid and the other gaseous. The solid arsenids of hydrogen is obtained by {wmSg 
through water, the negative pole being formed of meialllo arsmo^^ti^ 
»y dissolving arsenide o? potasnum or sodium m water. It is a brown powder, whidl 
^olrcs hydrogen whenJbeated in a close vessel, and bums when heated in the afy 
^Liavy). From Soubeiratrs amdysu^ it appears to be AaH*. 

TniKTPmiop ow AnewirTc; AnsairBTVSB Htbbooxii^ AeH*, n ;WfM . 

^ <!omposttion to ammonis, is obtained :-il. Ify dissotviBg aweiiide oiTpotasiiiiin Bl 
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imter. die solid arsenide, iboned at the same time»-^2. By di 
1 at. aisenic and 3 at. jdiin iDir ti^ in bydrochlonc or dilate sulplnl^ 

At^‘ 4^ BCIH - 2A8H» + SZnCl* 

3. By dissolving jniic;||£^2rri(r^ or dilute sulphuric acid 
acid (p. 861). 


As^O* -f 6Za + 


I 12C1 
)or 6SO‘H* 


2AflH* + 3H*0 + 



6ni*Zn 
} or eSO^Zn^ 


tin, or iron in aquootls arsenic acid or in a mixture of that acid 
with hydrochloric or sulphuric acid : 

2AbH> 0* + 8Zn « 2 AbH» + 8ZnO. 

This last mode of formation was first given by .Scheole, and afterwards denied by 
- flsAher ^Pogg. .^n. ix. 261), who stated that aqueous arsenic acid, if quite liee 
fcofo arsemous acid, evolves nothing but hydrogen when treated with zinc. Gmelin, 
however, obtained arsenettod hydrogen with perfectly pure arsenic acid and zinc. 
(Handbook, iv. 264.) 

» 6»’ By the electrolysis of arsenious or arsenic acid. (Bloxam, p. 361.) 

The gas obtained by either of the above processes is never pure, but always mixed 
^more or leas with free^ hydrogen. It may be collected over water, but the most 
BCTupulous care miist be taken that not the smallest quantity be inhaled, as it is exces- 
sively poisonous, and has proved f^tal in more than one instance. 

.^sonetted hydrogen is a colourless gas, which liquefies at 30® C., but does not 
S<^dify even at 110^ C. It has an extremely repulsive odour, and even when largely 
diluted with a^ produces nausea, giddiness, and oppression. Small animals are 
hootantly killed it. It does not redden litmus. Its specific gravity, according to 
tPIlpiias, is 2^^\iiir » 1). One volume of the gas contains 14 voL hydrogen and 4 vol. 
igjjitrtir of arsenic : [| . 0*0693 + J . 10*39 2*701]. * 

iSf;-"' Mtsane tti^ hydrogen is slightly soluble in water. It does not combine either' with 
fent w*lil bases. It decomposes the aolutions of many of the metals whioh^ are 
teA by Iwdrosnlphuric acid, its hydrogen alone being oxidised^ and the 
cipitat^ in combination with the metal. Prom a solutiomiof sulphate of 
t example, it throws down arsenide of copper, As*Cu*, 

2A8H» + 3SO‘Cu « 3SO«H* + Ab*Cu*.* ^ 

Q Ja mixture of this gas with free hydrogen is placed over a solutiou of aulphate 
^ copper, the arsenetted hydrogen is completely absorbed and the hydrogen remains. 
Worn the salts of silver, gold, and platinum, arsenetted hydrogen precipitates the 
inetals, and is converted into arsenious acid, wliich remains in solu^on, a,y.; . , 

6NO*Ag + AflH* + 3H*0 =. 6Ag + 6NO»H + AsHK)*. : 

Nitrate of Kitric Arseniout 

■liver. acid. add, \ 

jfrsenctted hydrogen is decomposed at a red heat into free hydrogen and mitallie 
arsenic. It bums in the air with a bluish-white flame, quite different in appearance 
IVora that of -pure hjrdro^en, forming water and arsenious acid, which rises fn white 
smoke, and is deposited in a white crust on a cold bod^, such as a piece of porcelain 
held just above the flame ; but if the porcelain bo held in the middle of the flame so as 
to cool it partially, then the 'hydrogen is alone burnt, and the arsenic, being less 
combustible is deposited on the porcelain in metallic st^ts (p, 362), This effect is pre- 
cisely similar to the dexiosition of soot on a glass rod or other cold body held in the 
flame of a candle. 

ARSnmEC O&flLSS. See AxtsEmc, Sulpbidss of (p. 886). 

, ZOSXZIB OF. Asp. — Amnic and iodine unite when i 




^ , orange-coloured ciyptalline 

sabimiate having the lustre of gold. It mav also be prepared, like tbambromide, by 
tt^ting metallio armnic with a solution of iodine in sulphide of carbon.*' It dissolves 
u S*32 pts, of boiling water, and the solution, if boUed down, leaves pure iodide of 
Iraenic ; bu'^ if left to cool slowly, deposits mystals of a .expound of araenious oixide 
. with loyiodide of arsenic (p. 363). The iodide may be' ii^^oiystallised flenm boiliii^ 
•Icoho}^ i^d is then obtained in shi^g iaminae of a fine briic^Mr^ colOttr. lod^^ 
arsenic has been used in the treatment of cancer. . ; ^ 

OF. An old term for the i 





^ oa*. Aiwnio ibinifl ^ file 

r <lfinde, AsH}\ or bsA Osidi, AiTO** 

^ film which forms on tho^mxteo of wh^* exposed to the 

ppos^ to be ft suboxide^ bat it is ft mixture of metallio 


0inde 
or 
air 

w OB (or ANKTDftioB)* Afl*0*;"iii the state, AnsaNious 
Jhis cwm^imd occurs native in the mineral araehm of araeno/t^« (?. v*) which 
forms capiihucy ciystala investing ores of nickel, cobalt, &c. It is form^,when arsenic 
volatUiaesin contact with free oxygen, as when the metal is heatsi^ in a^ gbss tdba 
thivugh ohich a current of air is passing. a i . ii. 

On the large scales nrsenious oxide is obtained as an accessory produ^ in we Twisting 
of aisenical ores of tin, cobalt and nickel, and as a principal product in the roastuig of 
arsenic^ pyrite^ The ores are sometimes roasted on the hearth of a re^berafovy 
furnace, where they are in direct contact with the flame, more general!/ fo:,tifofiles. 
which are surrounded by the flame but prevent it from touching Jhe materi^'^, 
latter method involves a larger consumption of fuel, but yields a purer product^ 
much as when the flame comes in contact with the ore, the arsenious eacido produced 
by the oxidation becomes mixed with carbonaceous matter, which, in the subsequent 
sublimation, reduces a portion of the arsenic to the metallic state, ftnd gives the pzod|pt^ 
a grey colour. ^ 

At Reichenstein, in Silesia, arsenious oxide is prepared foop anfouicisl pyrites. .Th# 
ore redu^ to powder, is roasted in a muffle-furnace, and the vapour of arsenfottft 
oxide is made to pass into a condensing chamber, divided into parti tions, where it fo 
deposited in the pulverulent state, as crude araenid or jJof«wi-^owr ^6r%fime/d), This 
product is refined by sublimation in cast-iron pots, the tops of^whieh^^pra contracted 
into cones, and terminate in pipes which al^ pass into a condensing chamber. 
the refined arsenious oxide is again sublimed at a higher temperfttul^^^wd eoUectft ip|| 
tile upper part of the subliming vessel in the form of, a glass {ffimns aasen^lb ^ 
oxide). ^ .... . 

At Ribos, in Catalonia, arsenious oxide is obtained from arsenici 
in a reverberatory furnace without muffles ; in other respects, the ^ 
is similar to ti^t just described. At Andreasberg, in the uppev Haxs, 
native ftisenfob roasted to extract the silver, and arsenious oxiJl Is 6 
scoondaiy pranpet. It is . also produced in largo quantity in the roi ,, 
ores and cobalt «t Altenberg in Saxony, and of tin ores in ,9oniTp|^' ‘4 
VicHonary of ArU^ ManufaciurtSt and Mim% L I8d ; Kerl’s 
theilung, ad4.) ^ 1 

Proj^tUs, — Arsenious oxide is a white solid, which occurs in two ciTStalluift I 
and likiiwise in t^e amorphous state. — 1. Amoty}hous, vitreoua or ajMieiifoim 

opde is proditce(i^ when the vapour condenses on a surfaco whose tomperatUM is but 
little Mlow the volatilising point of the oxide, so that before solidifying it passes 
thread the semi-fluid stete. It is transparent when first prepared, hut gradually 
becomes tppMue, and passes into the cxystailine state. Its specific gravity, according 
to Ottibourt, IS 3’7386. — 2. Octahedral araenioua oxide. This variety is producftfi'lgr 
eubltmution M'hen the vapour is cooled so quickly that it solidifies at once, wiUiout pft^ 
ing through the semi-fluid state. A hot saturated aqueous solution deposits itosj; 
oxide in regular octahedrons on cooling. Vitreous arsenious oxide is ti^unsfonned 1x110 
the octahedral variety by keeping, especially in contact with the air, and also hy 
solution in water or hydrochloric acid. When 2 or 3 pts, of the vitreous oxide are 
diswlved in a mixture of 12 pts. of fuming hydrochloric acid and 4 pts. of^ water, 
and the solution is left to cool slowly, the arsenious oxide ciystalhses in. 
transparent octahedrons, the formation of eu:h crystal being accompani^ by a flash 
of light (H. Rose). specific gravity of octahedral ipsenious oxide in 2*fl9d ^ 

(Q uibo urt).— 3. liiyht Skombio Araenioua Oxide, This variety, which is isomofpiunxn 
with native oxide of antimony, in occasionally obtained by sublimation (Wfihler^*' 
a im, according to Pasteur, when a boiling solution of potash is saturated with arsexiioiu 
acid and left to coqL It is converted into the octahedral variety by sabiimation Oe 
hy solution in hot water. . * . 

Araenioan oxide volatilises at about 21B^ C., forming a oolouriess vapour Of i^piHino 
gravify 13-9ff. The vapour isjierfoetly inodoronn, provided the oxide ham not 
heated in contact with mmzooaior^ othOT reducing agent. The vitreous oxi^ inaj^M 
fosed befoM it volstiltics^ t6 any oonniderable extoit; bnt the eryntaUined 0!^n 
>«folunss before fa^nmt tiader pressure, ^ oxide may be melted to a ^ 

AieeniousoxidedkiiMn but sparingly m odd tCKi^, more readily in boiling wafW 
i^vitteonnoxidi^imveeinorenadily than the erystalUoe varied* A hot s sturiit i fc i^ 
eratainn oxide or anhydrous a^ in 10 or 12 pisr of watOTr aw 
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on cooling the gr^t«r poftbo, leaving a solution- 

anhydrous acid in 80 pt». o£ The statements of different i 

the solubility of arsemous add in water differ considerablji the < , _ . 

arising ffom the simultaneous occurrence of the vitreous and ciysta|K ^4 
in the acid submitted to experiment (Gm. iv. 257). No definite hydim 4 
acid appears to exist. The aqueous solution is transparent and colourless,, i.__ ^ 

reddens litmus. (For its behaviour with hjdrosulphnric acid, nitrate of and 

other regents, see ^age 861.) * f ^ * 

Arscnious oxide dissolves in hot dilute acids more readily than in water, £int separates 
out completely on cooling, without forming any definite compound. It has therefioie 
little or no basic power. With tartaric acid^ however, it forms a potasdc double salt 
anoloTOUs to tartar^emctic. (See Tabtasio Acn>.) 

It msBoltes in atkalia, forming arsenites of allmli-mctals. 

It is nearly insoluble in alcoliol^ quite insoluble in ither. 

Arsenious oxide, whether in the dry state or in solution, is one of the most violent of 
the acrid poisons, a dose of two or throe grains being certain to cause death, unless it 
be very speedily ejected by vomiting, or rendered innocuous by conversion into an 
insoluble compound. Nevertheless it appears to be possible, by commencing with 
small doses and gradually increasing them, to accustom the human body to sustain 
without iiyury, doses of 4 grains or even more ; and it is moreover stated, apparently 
on good authority, that arsenic thus taken produces a plump and healthy appearance 
in those who use it, and especially increases the power of the respixato^ organs, and 
lionsequently facilitates motmtain-dimbing under heavy burthens. The Tyrolese 
peasantry aro said to swallow arsenic in considerable quantities for this purpose. 
Those who are accustomed to taking arsenic in this way, are also said to experience 
great de|>ressioD and loss of stren^h if they discontinue it. 

« Arsenious acid in small doses is much used in medicine, chiefly in cases of skin- 
disease. The fbrm in which it is most frequently administered is that of Fowhi^a 
aolution^ which is an arsenite of potassium. 

The best antidote to poisoning by arsenic is hydrated ataquxoxide of iron, which, 
when administered in excess, converts the arsenious acid into a basic ferrie arsenite, 
perfectly insoluble in water and in the fluids of the alimentary canal. It may be 
prwared by precipitating a solution of ferric chloride or sulphate with ammonia, and 
washing py decantation, and should then be kept under water, because when diiy, its 
power to lay hold of arsenious acid is very much diminished It is most eflicacioua 
when recently precipitated, the absorbing power being somewhat diminished, even 
keeping under water (Bunsen and Berthold, ** Das Eiseiioxyd ein Gegengift der 
arseiugen Saure.” Gottingen, 1834). Still more eflicacious, according to^ois, is a 
mixture of hydrated ferric oxide with magnesia, obtained by precipitating a solution of 
ferric chloride or sulphate with excess of calcin^ magnesia. It should be prepared |kt 
the time when it is wanted, and may be used at once, without washing, the soluble 
magnesimn-salt produced by the reaction being rather beneficial than otherwise, inas- 
much as it exerts a purgative action. When ammonia is used as the precipitant, the 
washing cannot be dispensed with, because arsenite of iron is somewhat solul^ in 
unmohiacal salts. The magnesia used for precipitating the ferric hydrate must not 
very strcmgly calcined. Magnesia itself is likewise capable of abstract^ arsenious 
' flrom solution, and fonning an insoluble compound with it ; but ferric hydrate is 
more powerful in this respect, and the mixture of the two prepared in the .manner just 
mentioned, is more efficacious than either, probably because the ferric hydrate is 
spread over the surface of the particles of magnesia in a state of fine division. 
(Handw. d. Chlm. 2** Aufl. ii. 294.) 

Arsenious oxide acts both as an oxidising and as a reducing agent. It partially de« 
oxidSses many compounds rich in oxygen, e.y. nitric acid, manyanie acid, ckromio 
act'd, hypochloroua acid, &c., being itself converted into arsenic oxide or add. It 
qai(^y reduces yold from the solution of the trichlorida Potaadum, charcoal, aodham, 
aidphur, ^hoaphorua^ and cine deoxidise it at a red heat, separating metallic arliBiiie. 

^ Distilled with acetates, it yields cacodyl, a compound of 1 at. arsenic with 2 at. meUiyV 
As(GH*)*, . which may be recognised by its peculiar and intolerable odour. When 
vapour of .arsenious oxide is passed over red-hot lime, off it is resolved into 
metallie arsenic, which sublimes, and araenic oxide which unites with the lime, fenniiig 
en eirseftate (Wollaston), while another portion, greater as the heat is le^ unites 
dfraetly with the lime, laming an aiaemte (Simon). Heated with cachanaU 
pciaad%im, it likewise ;^elda metalUe arsenic uM an arsenate (Gay-Lussac). As 
, caadisiteg agent; arsenic oxide is used in the manufecture eA glass; fer the jpuipose 
-^tfflcmvextmg^ of iron into seequioxide, which yiekis lees 1b]|^y 

Aan the protoxicle. - ^ 

AnsEKiTSS.— Araenlous add unites with bases in several proportiona; but the Sills 
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m not ver/i^Ue, imd have beaii bnt Httle 6»m{iM£' l^ipse whose compodihioii ii 
MAsO* or V0.4 M^i Ate genorallT regarded aa neatral ; tatd besides these there m 
Uasie araenitee ootttaining H*AsH>^, or :^*O»Ae*0*» and U*AbO*» or 3M*0. As*0*, beaidM 
acid Jmedoos oxide diaeolTes in eanstio poUtsA or smIo, but does not nen- 

trsilise the alkali ; the concentrated solutions are decomposed the carbonic acid in 
the air, and yield, after a while, very large and well formed ciystals of anhydrous 
arsenious acia The acid dissolves in amm^ia more readily than in water, and 
^mains free from ammonia when the solution is evaporated. barytaf and sfron- 

e/Of dissolve when boiled with water and excess of arsenious acid, and on adding Hme*, 
baivtar^ or stiontia- water in excess to the solution basic salts are precipitated in whits 
fioeka These precipitates dissolve in acids and in ammoniaoal salts: hence araenioua 
acid cannot be precipitated by the alkaline earths from solutions containing ammo* 
nincol salts. The other arseuites are insoluble in water, and are obtained b^ pxeoipi* 
ration. They dissolve in hydrochloric add, and some of them in aeetie acid, also in 
sulphate, hydrochlorate, and nitrate of ammonium. 

Solutions of the alkaline arsenitca dve a light gr^n precipitate with^ ei^prio talts, 
egg.yellow with nilrate of silver. — Hyarosulphuric acid produces no precipitate unletfi 
a Btronger acid is ftresent in excess ; but aU arsenites when dissolved in hydroehlorid 
acid give a precipitate vdth bydrosulphuric acid; and if the metallie bass of till 
arsenite is likewise precipitablo by bydrosulphuric add, a compound metallie 
may be produced. 

5loBt arsenites are decomposed by heat : some give off arsenious oxide, and leave the 
base in the form of oxide : but the arsenites of the alkali-metals and the alkiJdna earth* 
metals, give off metallie arsenic and leave a salt of arsenic acid (6AsK)* -■ 3AaH)^ .4* 
As^). Arsenite of silver gives off arsenious oxide and leaves a mixture of metaOie 
silver and arsenate of silver; arsenite of l^d alone withstands a red he^ withoilf^ 
decomposition, and arsenite of magnesium is but imperfectly decomposed (Simoi^ 
Pogg. Ann. xi 435). — Arsenites heated with cAarcoo/ give off metallic arsenic. 

Arsenite of Awwioni mjw, NH*AaO*, or (NH^)*O.A8*0*, according to Pasteur; 
(NIP)^A8*CP, or 2(NH^)*O.As*0*, according to Stein, is produced, according^ to Pas^edr, 
when very strong aqueous ammonia is Mured upon arsenious oxid^ and fonns a 
hard mass composed of microscopic six-sidm tables belonging to the trtmetrio nystem. 
It exists only m contact with ammonia, auiekly giving off ammonia in eontart with 
the air. It forms a yellow precipitate with silver-salts, the solution turning aelA It 
is insoluble in alcohol and in ether. 

Arsenite of Anttmony. — Produced bv digesting metallic antimony with 
aqueous arsenic acid, and is precipitated on diluting with water. It may^ also be ob- 
tained as a tran^arent, fhsed, vitreous mass, by heating metallic arsenie with Ittiti* 
monic oxide. 

Arseni^te of Barium^ Ba^As^OV or Ba''O.As*0’, is obtained by mixing a solution 
of chloride of barium with acid arsenite of potassium, separating after a few hours M 
a gelatinous mass or in dendritic ramifications. In this state it is very soluble in 
water, but becomes sparingly soluble after diying: the liquid decanted from the jelly 
likewise yields the salt by evaporation, as a heavy sparingly soluble powder. The 
gelatinous mass is probably a hydrate. A salt containing 2Ba'O.As^O* 4* '411*0 is c%| 
tained, acoordinff to Stein, by dropping baryta-water into ^ueous arseiiicttf freidw 
long as a precipitate continues to form, and washing with dilute alcohol. If rirea off 
2 at. water at 100^ 0., and the rest at a higher temperature, arsenic, howeter, Tojatillsiilg 
at the same time. ^ 

A concentrated solurion of arsenious acid is immediately precipitated by bosyte* 
water, a very dilute solution after some time only, or not at all (L. O m e l in). .Alwc: 
nite of ammonium precipitates solution of chloride of barium after a while. 

Arsenite of Calcium. — ^The several arsenites of potassium, adebd to iohitibil 
of shloride of calcium, yiehl precipitates, but not of constant composition (Bilbol). 
The neutral salt, Ca'^Aa'OS is obtained, according to Simon, by precipitating fblocida of 
oalciam with ammonia saturated with arsenious add ; the prednitate is inersased by 
<^ding excess of ammonia, but dissolves partially when washed with water. WHeni 
on the other hand, an aqueous solution of arsenious add is mixed with exsss^nf llma*^ 
J^ter, a white heavy p^er (2Ca''0Jte*0*, with water) is predpitated, vdi^is vu^ 
hule soluble in water, somewhat more soluble In the pr e se n ce of ammonffrdills, or m 
chloride of potassium or sodium. Aoeording to Stein, the piedpitate thus oV 
^ned is a mixtnia of ssvenl bade salts, but on adding sufficient arsenions ndd 
^ieeolve part of It, the xsaadns consists of SOa^OJAsK)* + 3H*0 ; this s^ §dlfld|||| 

1 At Water of ItKP O., thus rest at a temperalm at which dseompodlkm 
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According to Kiihn (Jahrcslji^ f. Ohom* 1852, 379)] a boiling ■wiwBpggf=i|pg(Miiott 
acid added to excess of lime*wiiter throws 4owii the salt, dCa^O<J|i^ip!^f^^*AaK)*. 

Arsenite of Cobalt, 3Co''0.2As*0* + 4H»0, is obtain^ 
arsenite of potassium with a solution of chloride of cobalt contiuning a lazg^ excess of 
sal-ammoniac. 

Arsenite o f Copper, Cu*As*0®, or 2Cu^'0.As*0*, is obtained by precipitating a 
salt of copper with arsenite of potassium, or with arscnious acid and a sufficient quantity 
of ammonia to neutralise the acid present (p. 361). It is a light green pzeeipitate 
(Scheolo’s green), which dissolyos in excess of ammonia without colour, yielding a 
solution of arsenic acid and cuprous oxide. Arsenite of potassium containing excess 
of alkali dissolves it readily, with blue colour, but the solution quickly decomposes 
into arsenate of potassium and cuprous oxide. Vap<3ur of arsonious oxide passed over 
red-hot cupric oxide does nob combine with it. 

Aoeio-Arseniteof Copper, 3Cu''As’0*.C^H*Cu"0*. Schweinfurt Giym,ot ImperialGrem» 
— This compound, the preparation of which is given at page 16, is much used as u pig- 
ment, on account of its splendid green colour. A great deal of needless alarm has 
lat^ been excited about the supposed deleterious effects of this pigment. It is ex- 
tensively employed for staining wall-papers, and persons inhabiting rooms thus paired 
are said to have hod their health seribusly deranged by the arsenical fumes evolved 
from it 1 Now it is utterly impos.sibl6 that arsenic should volatilise from such a com- 
pound at ordinary temperatures: it does not decompose at any temperature below 
redness. The only way in which danger could arise from the use of paper stained 
with'^en arsenical colour, is that particles of the compound might be brushed oflf in 
in dusftn^ ^e paper, and thus become mixed with the air of the apartment; but it is 
not in this way that the supposed accidents are said to have occurred; the panic has 
arisen from a mistaken notion as to the volatility of the arsenic. That the use of the 
pigment is not really dangerous may be safely inferred from the fact that no bud 
effects are experienced by the workmen engiiged in its manufacture. (See Ure*s 
Dictionary of Arts, Manufactures, and Mines, i. 157.) 

Arsenite of copper forms a similar double salt with butyrate of copper. 

Arsenite s of Iron , — There arc several basic ferric arsenites. When recently 
precipitated ferric hydrate is digested with a concentrated solution of arsenioua aciJ, 
in such proportion that the quantity of anhydrous ferric oxide present is equal to ten 
times the weight of anhydrous arseuious acid, the acid is completely removed from the 
liquid. With a smaller proportion of ferric j^xide, the precipitation is nearly tboi^h 
not quite complete. The products formed are basic arsenites containing 3Fe*0*.As*0*, 
&c., from winch part of the nraonioiis acid may bo extracted by water. It is this 
power possessed by liydrated ferric oxide of removing arsenious acid from a solution, 
which renders it so useful as an antidote to arseuious acid (p. 374). 

Arsenious acid, or arsenite of potassium, forms with ferric acetate an ochre-yellow 
precipitate, which' dries up to a brown mass containing 4Fo*0*.As*0* + 5Aq, and 
when heated gives off water and the greater part of the acid (Bunsen), the whole, ac- 
cor^ng to Simon. Water removes part of the arsenious acid ; strong acids 

dissolves the salt completely. Ferric sulphate or chloride is not precipitimiSl^by free 
arsenious acid : but gives with arsenite of potassium, according to G-uiboun^ A rusty- 
brown precipitate, -containing wheivdiy, 2Fe*0*.A8®0’ + 7H*0, Accordi^ to Damour, 
tliis precipitate- ia slowly ^ssolvel^ with rusty-brown colour, by causti<spotash, 
when slowly heated, melts before giving ofi^iysenious oxide. A ™ty yellow precipi- 
tate, likewise containing 2F6^01 AsB 0’ + 7H^O, is obtained by oxidising a solution of 
ferrous sulphate with aqua-regia, neutralising with ammonia, and precipitatiDg by soda- 
which has been saturated at the boiling heat with arsenious acid and ^ed from 
thf l li i eess of that acid by< cooling. It is soluble in caustic soda, and the solution, 
evirated to diyncss, yimds a red mass perfectly soluble in water. 

Ferrous Arse^iHc, 2Fo"O.As*0*, is obtained by mixing ferrous sulphate with a solution 
of orsonibns acid in ammonia, as a greenish white precipitate, which becomes oefere- 
yellow on drying. The non-oxidised compound is soluble in ammonia. 

Arisf^ite 0 f Lead : — The neutrai salt, Pb'^O.As’O*, or Fb'As^O*, is obtained by 
^ . ^recipihLtliig neutral acetate of load with acid arsenite of potassium, or with arsenious 
t!^|fed rFilhol), or, according to Berzelius, with ammonia which has been sabarated with 
wJiile worm ; Uie precipitate obtained by the latter process oontains 
Wter, oiMiiDes strongly electrical by metion, and when heated gives off some of its 
acid an£ water, and melts to a yellowish glass. Keutral arsenite of lead is somewhat 
soluble in water, insoluble in potash, but- soluble in ‘ soda. The ^^«fa5io nalt, 

TOtAs»0», or 2Pb*'O.As’0*, is formed, according to Filhol, by pir^pitaring ^tial aceWg 

of lead with arsenite of potassium, or, according to Berzelius, by precipitoting bi^ 
acetate of lead with an ammoniacal solution of arsenious acid. It is a wh^ hydsBW^ 
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powder, And in ammoniA-Balte, melting to a ^ellowiidi wiMn 

^atcd. Accoidj^ to Simon, it is obtained by passing the vaponr of arsenious ojdda 
over red-hot oxide of lead, as a sulphur-yellow, easily fiiaible glass, which sustains a 
considerable degree of heat without decomposing. A triplumhk: satif 3Pb*'O.AB*0*, 
or Pb*As®0*, is obtained by precipitating basic acetate of lead with a tailing solution 
of arscnious acid. (K u h n.) 

Ar^enite of MagnesiuTn. — Calcined magnesia, boiled with orsenious acid, takes 
up a portion of it, but not in any definite amount. A precipitate of uncertain com- 
position is obtained by mixing sulphate of magnesium with acid arsenite of potassium, 
und heating. A solution of sulphate of magnesium is not precipitated by aqueous 
arscnious acid; but on adding a small quantity of ammonia, a copious precipitate is 
tbnnod whicli, according to Stein, lias, after diying over sulphuric acid,, the composition 
Mg*A8*0“, or 3Mg''0.Aa-0*. It is insoluble in ammonia, but dissolves in a large excess 
of snl-ammoniac. (H. Itose.) 

Arsenite of Manganese^ 3Mn"0.2A8*0* + is obtained, 1^ treating A 

manganous solution with arsenite of ammonium, as a rose-coloured precipitate, wl^ph 
oxidises rapidly in the air, gives off 1 at. water at 100^ C., and at a higher temperatufS 
gives off orsenious oxide and metallic arsenic, leaving a residue of manganeSA and 
inaiiganous arsenate. 

Arseni tee of Mercury , — The wcrcur/c salt is obtained, by precipitating bpisvcuna 
nitrate witli arscnious acid, as a wliite powder soluble in nitric acid. It dis^lW alia 
ill arsenite of potassium, and if the solution contains excess of potash, a black dOposii 

reduced metal is immediately formed. The mercurous salt is obtamediiy doOl^a 
lU i'tnnposition, or by digesting mercuiy in arsenic acid, as a white precipitate Solum 
In nitric acid. 

Arsenite of Nickel , — The salt 2Ni''0.A8*O* is precipitated on adding arsenite of 
potassium to a nickel-salt. A less basic salt, 3Ni''0.2AB‘'‘0* + 4H‘‘^0, is produced, 
according to Girard (Gompt. rend, xxxiv. 918), by <juick^ mixing a. smution of 
chloride of nickel containing a large excess of sal-ammoniac, with arsenite of potassium, 
h is a greenish precipitate, which gives oft' 10 ’3 per cent, (4 at.) water at llO^C, 
When heated in “we air, it first gives off its water, and tlien yields a sublimate of 
arscnious oxide, leaving yellow infusible arsenate of nickel : 

3Ni"0.2As20» + O* -i 3Ni"0.As*0» + *Afl»0*. 


Arsenite of nickel dissolves with violet colour in ammonia. It is converted by nitrie 
acid into arsenate ; by hydrochloric acid into arscnious acid and chloride of uickeb 
A r senitc of Pofassiu m , — ^The neutral or monopotassia s(Utf KAsO*, or K*0 .Ab* 0*, 
is obtained, by boiling the acid salt for some time with carbonate of potassium, and 
agitating the residual salt several timoa with alcohol: it then remains as a syrupy 
mass (rasteur). Filhol was not able to prepare it pure. An acid salt^ K“0.2Ab* 0* + 
2ir‘*0, is obtained, by boiling potash-ley with excess of arscnious acid, whereby an alka- 
line liqu^ is produced, whichgives with silver-suits a yellow precipitate, 2Ag*O.A8*0\ 
mixed widlf'luvoaious acid, the liquid at the same time becoming acid. On mixing: 
alkaline liquid with alcohol, it becomes thick and turbid, deposits after a few^ya- 
right redSingular prismatic crystals, adhering to tl^idos of vessel and after a longer’ 
time solidifies completely to a saline mass. Tho suit ^es off I at. water at 100® O., 
whence it should perhaps be regarded as 2£HA8^0* t ^*0 (Pasteur). Tho 6a«^pv 
ft X tiqHiUissie salt^ 2K^O.As^O\ is obtained by mixing the noutral aglt with, ^cesa u^ 
]*oi ash-ley and precipitating by alcohol. It is very soluble in water, and yiow with 
^dvcr-salts a yellow precipitate of the diaigentic salt^ 2Ag®O.As*0*, the liquid'^umaiA^^ 
ing ueutraL / . 

Arsenite with Iodide of Potassium . — A solution of iodide 6f potassium yiddi wfft 
nrs'oq^oim acid or arsenite of potassium, a precipitate, 2K1.3As^O*, which is spario^^ 
lolves in 19 pts. of toiling water, and decomposes at elfi® CC, 


soluble in cold water, dissolvei ^ ^ , ^ 

when heat^ with sulphuric acid (Emmet, SUL Am. J. [2J xriii 583). I^ 
i'urbonic acid gas into a solution of this salt in a small quantity of boili^ wa ^.1 
with 3 or 4 times its volume of hot oleohoL and evaporating resmting s^.. 
liquid, a cfystallised compound is obtained, oonSisting of 2KI . 

2(KI.3j|pLsO*) + 8H*0. This salt is soluble in water and in aWhe^ i — 

^th metallie salts like a mixture of iodide and arsenite of potassium. ~ 

phuric acid decomposes it, forming a red or yeUowish precipitate of arsenious iodi4a<- 
hot saturntad oolutipii of this salt deposits on eooling; nodulsr mssses, or, whan 
0 ^ gas is passed through it, a whits powder, oonaisting of the soil' 
2Br<SH>.HH>:lAs*0^ or 2(KI.KHAs*0«)Jli^O*, which is mori^y edtubls ^ 
v^r,,;|UKl wten heotsd in a narrow glass tul^ gives off vapour of water and mgtallfo 



m Ai^®?iev0xl:&£s: 

meuic, together with ars e&ioits ffidde. No iodine ^ ^ren etf* ^ ^ 

aecesB to the salt. (E. Harms^ Abil CL Phann. xei. 371«) ^ . 

Arseni te of Silver , — The teirarffenHo salt^ Ag^AiW, is fo^ 

Hs a yellow precipitate on treating aolutiona of silver salts with alkaline araenites 
(pp. 361» 371^. It gradually turns dark grey when exposed to the air^ blackens if exposed 
to light When heated, it gives off, according to Simon, tet water, then arsenioos 
oxide, and leaves a mixture of arsenate of silver with metallic silver. 

Another arsenite of silver is obtained, according to Filhol, as a light yellow pre- 
dpitate on adding ammonia saturated with arsenions add to an ammoniacal solntion 
of nitrate of silver. Between 140^ and 150^ C. it blackens suddenly, without Ipsa of 
weight, and at a higher tejmperature melts and gives off arsenious oxid& 

It is easily soluble in acetic acid (whereby it is distinguished from phosphate of 
silver); soluble also in potash. The latter solution is not precipitated by chloride of 
potassium, but, on the contraiy, is capable of dissolving an additional quantity of 
chloride of silver. It slowly deposits metallic silver, whHe arsenate^ of potassium 
remains in solution. When a solution of chloride of palladium or platinum is mixed 
with arsenite of potassium, and then with arsenite of silver and potassium, the 
platinum or palladium separates quickly in the metallic state. (Beynoso.) 

Sesqui-argentic Arsenite^ 3Ag^0.2As^0’, or Ag^0.4(AgAs0^), is pr^uced as a white 
precipitate, with evolution of ammonia, when nitrate of silver, mixed with a huge 
excess of nitrate of ammonium, is added by drops to arsenite of potassium. It is 
blackened by light, dissolves in ammonia and in excess of arsenite of potassium, and 
when heated blackens, yields a sublimate of arsenious oxide, and leaves a frisible 
residue of a fine red colour. (E. Harms and others.) 

Arsenite of Sodium. — According to Pasteur, the sodium-salts of RTsenious acid 
correspond exactly to the potassium-salts, excepting that the acid salt does not crys- 
tallise, Filhol did not obtain the neutral salt in a state of purity. 

Arsenite of Strontium. — Si^AsW + 4H*0. — Strontia-water is not precipitated 
by aqueous arsenious acid in any proportion, even on boiling (Gmelin). Chloride of 
strontium is precipitated by arsenite of potassium, but only after some days. The 
precipitate gives off one-fourth of its water at 100^ C. 

Arseni tes of 2V».--Both tho stannic the stannous saltB are white precipitates; 
the former is difficult to fuse. v 

AssBNio Oxide, As*0*, or AsO^. In the hydrated state, Absbkzo Acid.— This 
compound is produced by oxidising arsenious oxide or arsenious acid with nitric i^d, 
aqua-regia, hypochlorous acid, or other oxidising agents. — 1. When 4 parts of arsenious 
oxide are gradually added to 3 pts. of nitric acid of specific gravity 1*36, the mixture 
becomes hot, and after 24 hours yields a syrupy liquid like strong oil of vitriol, consist- 
ing of arsenic acid, still, containing a little arsenious acid, which may be completely 
oxidised by the addition of a small quantity of nitric acid. This process is used for 
the. ptearatioxL of arsenic acid on the. large scale (E. Kopp).— 2. Four parts of 
RTseniem oxide are heated with I pt. of hydrochloric add, 12 pts. of nitric acid arc 
added (Mitacherlich), and the resulting solution is evaporated to li aympi 
Both the oxidation and evaporation ^ost be performed under a chining having a 
good drau^t, because part of th&.^^ 9 s|to^qonTerted into chloride, which escapes in 
vapour.— 3. i^euic acid i4.alsaj^fMM4ilWther with hydrochloric add, by pa ss ing 
d^rineigaa^tOteiSA^ arseniouc^lMi^'v^.'i^ 

Ameriio add three hydrafes andogoua to those of phoi^horic add, via. : 

Mondiydrato , or HAbO» - 

. . 2HH)JU‘0*, orH‘Aa*0'- 0‘ 

Trihydrate . . SIPOJbW, orffAsO* - 

The g 3 n™ipy solution obtained aa iCbove, deposits, after standing tor some il 
' IgO 0. (60^ F.), transparent', rather long prisms or rhomboidal. is mi na e ^* eont a iain g 
aH^OAfK)* + H*0, or 2H*AaO^ + H*0 ; — they deliquesce n^idly in the aar, m 
dissoltd la water with great redaction of temperature. Both the 
tion and the basic water may he expelled by heat , . ^ ^ ^ 

The cmtals heated to 100^ 0., first mdt and then yidd ^ 
a crystalwie precipitate. The same compound may m ohtalBid in .laitgalitaiMfi nt^ 
oystaia by expesing a oonoentxated sdution of amenie add to a vexy M tunipmafip 

• If t fiMfornutesia ifOuf«cr,«iradf«0>,aiidlBO.ilfO'. 




which may be regarded ae a e^Mupeimd of the mono- and tri-hydratea, ia obtained by 

heating the c*yBtSUaed|d^d,2H?jMO*.H*0,fiMfaome time tol4O«L-i0ao q. itthenaMia^ 

rates in hard Bhining dystala, leaying a mother-liquor of speeifte gravity 3*86 at 16° O. 
Jt diBsolveB in water with moderate &cility, but the solution u attended with great 
rise of temperature. 

The m&MhydraUy HAsO*, is formed by heating the before-mentioned emtlds to 
200°, and at last to 206° C. ; the mass then suddenly becomes pastv» gives off a lam 
quantity of aqueous vapour, and 'ir ultimately converted into a white nacreous sub- 
stance consisting chiefly of the monohjdrate; it dissolves slowly in cold water, 
\tith moderate facility in warm water, prancing great evolution of heat. (£. Kopp, 
Ann. Ch. Phya [3] xlviii. 196.) 

Arsenic Oxide^ Arsenic Anhydride^ Anhydrous Arsenic Acid, Pentoxide of Arseniev 
As"0*, is obtained by heating either of the hydrates to dull redness, and remains in 
tho form of a white mass, which has no action u]^K)n litmus ; is nearly insoluble in 
water, and in ammonia ; and scarcely absorbs water fl*om moist air, even in the course 
of several days, deliquescing only a^r a long time. At a fhll red heat, it is resolved 
into arsenious oxide and tcee oxygen. 

The solutions of the tliroe hydrates and of the anliydride exhibit exactly the same 
characters ; they have a sour metallic taste, and all contain the trihydrat^ the othtf 
hydrates being immediately converted into that comjpound when dissolved in water; in 
this respect, the hydrates of arsenic acid differ essentially from those of phosphorio acid. 

Arsenic oxide is reduced to the metallic state by charcoal, metals, cyaniae of poias* 
stum, ^r., at a red h6at, in the same manner as arsenious oxide. Aqueoutf arsenic acid 
dissolves cine and iron, with evolution of pure hydrogen ; but if sulphuric or hydro- 
chloric acid is present^ the arsenic acid is reduced, xnctiillic arsenic, and solid arsenide 
of hydrogen are deposited, and arsenetted hydrogen is evolved (p. 363). An electric 
current passed through aqueous arsenic acid acimilated with sulphuric or ^ hydro- 
chloric acid eliminates arsenetted hydrogen, provided the solution does not contain 
chloridea (Bio x am). Sulphurous acid reduces arsenic acid to arsenious, acid, with 
formation of sulphuric acid. Hydrostdphuric acid slowly precipitates trisiUphido 
of arsenic, the action being assisted by heat, or by the presence of another acid. 
Hyposulphite of sodium added to a solution of arsenic acia containing hydrochloriiC 
acid, likewise throws down trisulphide of arsenic mixed with sulphur : 

6Na^SH)» + 2H*A80* - Ab^ + S* + 6Na»SO« + 3H*0. 


Arsenic acid and its salts are .very poisonous, but not in so high a degree as 
arsenious acid and the arsenites (W dhler and Frcrichs, Ann. Oh. I%arm. Ixv. 836). 
A strong solution of arsenic acid placed upon the skin produces blisters like bums. ^ 
Arsenic acid is now extensively used in calico printing, in place of tartaric acid, m 
developing white patterns on a coloured ground in the cmoriae-of-lime vat. . 

Absbkxtss. — A rsenic acid is a strong acid, expelling all the more volgbilg fttddi 
from their salts at high temperatures. It is tribasio like ordinarj^hoSphqife 
the genaral formula of its salts being H*AaO\ in which I or 2 at. aTinay 
by hydrogen.* The solutions of tiie tri^ and <ff-metaUic salts, and ; 

(fiometimes called basic and neutral) have d^aytalme or iMeut^ reactfon; thi 9 i 60 f 1 li 6 
»iono.metallie (or acid) salts, reactiqp. ¥ha mpt^ 

Tnotallic arsenates give off their water tike it upjgmjij&on bring dis- 

solved in water : consequently there aiwx^. Minates corir^llMASElg ib Ut6 -pyio** 
and meta-phosphates. ^ , 

The arsenates of the slkali-metals are soluble in .water ; of the othses^ enly the 
monometallic salts are soluble in water; but the di- tuA tri-metallio salts disimbre 
really in free arsemo acid, and in the stronger f^enff acids, less easily HI meetie * 
acid^: hence solutions of salts of the earth-metals and heavy iMsli:lite .preei|ii^ 
by arsenate of potassium, but not ^ free arsenic add. , " 

The dimetellie aisenatea of barium, strontiuin, and ealdum, are insolulAs in witStv^ 
but a^ble in amBicniiacal salts ; hence solutione containing arsenic scidtdlgstherwnll 
large ^nantitiee of axmnonmcal salte are not prmpitatM ly the salts of beriam, 
Btrontiimi^ ind celjpivxn. When solutions of metallic salts ere predpitatsd a dime- 
aTisiiats oC sri alksli-meti^ an insoluble trimetallic srseiiativ H*AsO\ is often 
formed, ft^tbe eome time acquiring an add reaction. 

A in hydroehmric acid is slowly prediiftated fay mdpkmtUed 

consisting of trisulphide of arsenic imd sulbbitr In tlm pic* 
P°^n and ff the metallie base of the salt is Ukswise thrown 

down by snlpliiirstied h y ^ acid isdiilleB, ajrifc^tale is formed ccnsliit- 

mg of a metallie ealpbarmata.- A O with su b s s q n e e l 

* For diemmie melds, tlw Ibrotuln sre (ll'')»As>d*, IF'HAf CH, sod 
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addition of hydrochloric add, acta in the same manner aa sulphnsett^ hydrogen. 
An aqueous solution of an arsenate hoiled with hypostdphiie cf aodettm, ueposita 
triaulphide of arsenic and sulphur on addition of hydrocnlorio add. wi^- 

draws fiom the insoluble arsenates the whole or part of the arsei^ aci<l 

Solutions of the tri- and di-metallic arsenates of alkali-metal giye white predpitates 
with baryta^ or lime^ater, also with salts of hariwmy atrontium^ calciitm^ the e<xrth* 
TuetalSf fh.a7tganeae, annc^ and lead, also with atannotta and fefrric salts ; yeUowish- 
white with wranic and merGurotia salts, yellow with Tnercuric-aalta ; rose-cojonred with 
cohalt-aiiiBt green with nickel-Q\3\ta\ pale greenish blue with cu^^rio salts ; light 
brown viiihplatinic salts^ brown-red with riS^-salts. These precipitates are for the 
most part soluble in arsenic, sulphuric, hyorodkloric, and nitric acid, and in ammoniacal 
salts : arsenate of silver, however, is not soluble in ammoniacal salts. 

Maaneaium-mlta mixed with sufficient chloride of ammonium to prevent precipita- 
tion by ammonia, give with solutions of arsenates, a white ciystalline predpitate 
of arsenate of magnesium and ammonium, insoluble in ^ueous ammonia and in 
dilorido of ammonium ; the latter character distinguishes it from the correspon^ng 
salt of arsenious acid (p. 377). — Solutions of arsenates added to excess of molybdate 
of ammonium containing nitric acid, form, when the liquid is heated, a bright yellow 
precipitate of arseno-molybdate of ammonium. — ^All arsenates dissolved in water or 
in nitric acid, give with basic acetate of lead, a white precipitate of arsenate of lead, 
which when ignited with charcoal, melts and is reduced, with abundant evolution 
metallic arsenic. The last three reactions afford very delicate Jests for arsenl# aci<i 
The reaction with uranic salts is also very delicate, being pe^ptibla ^ twenty- 

thousandth degr^ of dilution. * . 


The arsenates afo isomoi^hous with the corresponding phofl^ha^s. 

Arsenate of Aluminium, 2ATO*.3As*0*, is obtained ^4MxbljS deiiiomposition 
as a white precipitate, easily soluble in free acid, and’^remal^g. i^t|«a)is mass 
when the solutions are evaporated. •• 

Arsenate of Am^nonium, — The triammonic sslt, (NE[*)*As0^ji Drained by 
supersaturating a strong solution of arsenic acid with, ammonii,: as a h^igr soluble 
powder, which, when slightly heated, is quickly cbuTCrted into the following salt : — 
The diammonic salt, (NH*)*.H.AsO^ is foemed in !bhe manner just mentioned, and also 
by saturating a strong solution of arsenic imid wit&,ii£himonia till a precipitate begins 
to form ; by leaving tlie solution to evapoTOtb^^tj^ obtained in prismatic crystals of 
the trimetric system, which effloresce in thefbr^^gysi^ off half their ammonia, but no 
water. '\^en heated, it decomposes, ^enic, ammonia, water, and 

nitrogen gas. .^; e| 9 Mion has an slkcU^o \The or acid salt, 

b imperfectly satUTOl^ig. aibe^ ^id with ammonia. It is 
deliquesc^t^'^im^iw^lde in water, and separiUee^lrom l^e iiOlution by spontaneous 
ocUihedrons, 1% ii tUem^^by heat like the preced- 
ing. iro ttcid reaction/’ ^ \ '^V 

^ as a white 

pbwdeT 2 ^^rly^I^lubl^|^ w|«r,'T^ precipitating aquedtw^mdi^ ^acid with b^ta- 
water be^r/ gradually dropping trisodic arsenate into chloride of 


^ fdrong acid reaction/ v ^ 


s as a white 


pbwdeT^^tom|l^lubl^^mter, 't^ precipitating i^uedtS"1andi^ :acid with b^ta- 
water be&r/ ^ gradually dropping trisodic arsenate into chloride of 

barium ^GraMm).' Sfhe haHo^e»onbhydric salt, 2Ba"'HAsO*, is obtained when a solution 
of ^e.di8<xU2.^tr 4?D|iby drop to an excess of chloride of barium. If, op the 

other hand, rtti^M^MteVdf,fwum is in excess, the precipitate formed is a tnuttore 
of while monobarytic arsenate remains in solution. The 

di-baijpoSiitejfal^fya^ to Jditschorlich, ^ at. water (2Ba"HA80^ + H*0 ) ; 

accordi^ water at a red heat. In contact with water, 

it is dissolves, and the tribarytic salt, which 

remaih?9|tpwi|fifS|^ ' TlfcT bario-tetrahydric salt, Ba''H^AsK)*» is ob- 

arsenic acid till a precipitate bemns.ro » 
water, or better, by dissolving n hi aqj|aoiis 
if & '^ery large egeess it immte 
aefil ber to dryness, and the niaiSi treated Iritli 

consisting of an add 


water, thenr rem^ 




Be"O,3H*0.2As^0!l^^M*G4 4^J^^*O».A8*0» + (aetterl | | |^ ^- ' 

Aramata of Ba''(NH*}A80* + ‘t^T 

mixing the dib^ytif^Hj^^ ainieqeia (Baumann), and . Iff 

mixing a solutiqB arsenic add^ 

salts are fbrmed ijt become ctystallme alw^ 

2Ca"HAsO« 

the conreepondi^ lM^<d|8fnty soluble, 1th» trktdidor^ 



!A»SENATES. 


uwoluble in water; tiie latter ie obtained by precipitating chloride of Meinni In 
excess with triaodic arsenate. (Grabam.) 

Ar$enate of Calcium and Ammonium^ Ca''(NH<)AsO^ + 6H*0, is produced, accord- 
ing to Wach (Schw. J. xii 285), by mixing a hot solution of arsenic acid in excess 
of ammonia, with nitrate of calcium, and crystallises on cooling in tables arranged 
like steps; if the solutions are mixed cold, the salt is precipitated as a powder. ‘Any 
ars<Jiii«iis acid that may be present remains dissolved. Another salt Ca"{ N H * j*lI*As’*0“ 
is obtained by adding ammonia in excess to a solution of dicalcic arsenate in nitric 


liquid be left at rest, the same salt is obtained in ciystals belonging to the regular 
system : it is therefore dimorphous. (Baumann.) 

Cere us AraenatSt 2Co"0,A8*0* (?), is a white powder insoluble in water, but 
dissolving in arsenic acid us an acid salt, which dries up to a vitreous rnoMt, 
(Htsinger and Berzelius.) 

Chromic Arsenate, — Chromic salts yield with arsenate of potassium an apple- 
green precipitate. 

Arsenates s>f Cobalt , — The cohaltio salt is a brown precipitate, obtained by 
adding orsenatuof pptassium to a solution of cobaltic hydrate in acetic acid. 

* T'Via - - c» 


(see CoBJdSt^jai^M) ; and is obtained artificially 
tating cobalt-a^bi udth trisodic arsenate. 


powder by prccipt- 


filtering, ^nd treating the filtrate with more carbonate of potassium to precipitate 


phule of potassium; together a*jd potassium, and again fusing the 

white regulus with potash, whiJralA a'blue.siag ia obtained, which is used for the pre- 
paration of smalt, and a pure of airiWtoido of cobalt^ which, by careful roasting^ 

IS converted into the lequir^^hniio 

The product obtained by ^mthdr processes reddish powder, which din- 


Gcntele, by meltm|gvC9l<^fir 
mice, obtained a ma^jthe 


prepared in the wet^i 
contained deep^ 


rose-coloured and consistii^of’j^iliM 

^ The ’^Themoiweobafioiis'iuSj^it^iilLjb^ 

mg in vacuo 

A r senate o/*^pjfer, Ou^Aa’O’*, is obtaifiedms pSs^er^b 

sulphate of copper with disodic arsenate, the li^^uid w^me tSw' 

If the liquid, together with the precipitate, be j&uEwl witK'* a* 


*elain iia» 
pelding a 

afiypomt^ 

'S- 


AX me iiquia, togetner witn the precipitate, ue mu 
ammonia to dissolve the precipitate, and the solution 
ore obtained, consisting of Cu"(NH*)^As*0® -P 2(N 
the air at ordinary, temperatures, but are decom 
a temperature of 800^ C., ammonia and water 
subliming at higher temperatures. Ai 

Several basic axaenates of copper occuT^ 
occurring with 1. at. water as oUt 
as lircconitc; also 6Ca"0.As*0*,. 

^^ksmess^ and wi4 10H*O as leiroeh 




Quantity of 
imag^te, crystals 
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882 ABSENICr 

of ammonium) together with the nndecomposed portion of the salt, and JeateiB fenk 
aieenate. The ammoniacal solution remains clear when^ mixed with fezroi^ranide of 
potassium, but on addition of an acid yiel(b Prussian blue. When difenrons 
arsenate is oxidised with nitric acid and ammonia is f^ded in excess, a precipitate is 
formed consisting of Pe*0*,As®0*, or (Fe*)’*(AsO*)*, insoluble in ammonia. Potash 
in lam excess extracts mrt of the acid, leaving a compound of T pts. arsenic acid 
(afnbyurous) with, 79 pts. ferric oxide, corresponding to the formula 16Fe*0*,A8*0* + 
24H^O (Berzelius). On heating this salt to r^ness, bright incandescence takes 
place, but no arsenious oxide is given off. 

Iron^fi^er is a native ferric arsenate containing 2Fe*0*,AB*0* + 12H*0 ; scorodiie 
is Fe»0».As*0» + 4H*0 or (Fe*/*(AsO^)* + 4H»0 ; cube-^ is a ferroao-ferrie araenaU 
» FoO.Fe®0*.As*0* + 6H*0 j pittiaiie or iron ore is a ferric arsenate, 2Fe*0*, 
Ae*0* + 12H*0, combined, or perhaps only mixed, with feme sulphate and water. 

A Ferrous Arsenate is obtained by precipitation as a white powder, which assumes 
a dirty green colour when exposed to the air. 

Arsenate of Lead. — The triplumhic salt, Pb*A8*0“, is prepared by dropping a 
solution of a lead-salt into excess of disodic arsenate, or by digesting the dipfumbic 
salt with ammonia. When heated, it turns yellow and cakes together, but does not 
melt. Insoluble in ammonia and ammoniacal salts. A diphmbio salt, 2Pb''0.A8*0\ 
or Pb^As^O', is precipitated on mixing a solution of nitrate of lead with arsenic acid, 
or with less tlmn the equivalent quantity of di-ammonic, dipotassic, or disodic 
arsenate. It is a white crystalline powder, insoluble in water and in acetic acid, 
soluble in nitric and in hydrochloric acid. 

Arseno'chloride of Ia '€^. — In many varieties of pyromorphite^ PbCl®.3Pb*P*0*, the 
phosphorus is more or less replaced by arsenic. 

Arsenate of Magnesium , — The trimagnesic salt, Mg*AB’0*, is formed by preci- 
pitating sulphate of magnesium with disodic arsenate, or by boiling the dimagnesio 
salt for a long time with a strong solution of arsenate of sodium. — The Tnagnesio- 
monoAydm salt,*2Mg"HAsO^ -f (Graham), is formed as a white insoluble 

precipitate on mixing the dilute solutions of 3 pts. sulphate of magnesium, and 6 pts. 
disodic arsenate. In the recent state, it dissolves easily in nitric acid, but it is 
insoluble in acids after ignition. The magnesio-ietrakydric salt dissolves readily in 
water, and dries up to a gummy mass. 

Arsenate of Magnesium and Ammonium^ Mg'’(NH^)A80^ + 6H’0, is obtained as a 
crystalline precipitate by adding arsenic acid strongly supersaturated with ammonia 
to a solution of a magnesium-salt mixed with sal-ammoniac. At 100^ C. it gives off 

of its water (44*28 per cent.), together with ammonia and a certain portion of 
arsenic. Like the corresponding phosphate, it is almost insoluble in water containing 
ammonia, or in sal-ammoniac, and is therefore well adapted for the estimation of 
arsenic acid, and for separating that acid ^m arsenious acid. (H. Bose, p. 867.) 

An arseiMie of Magneeium and Calcium^ containing 2(Ca''HAs*0*.Mg"HAs0*) + 
Ca*As*OMifg*As*0* + ]0H*Q; occurs native aspnTropAzrmocro/tfs. 

Arsenate of ag^ Votaesium^ Mg^'KAsO*, is produced by fusing arsenate 

of ma^esium with excess of carbonate of potassium, and adding 1 at. hydrate 
of potassium it is easily- decomposed by water. The corresponding sodiiumialt is 
obtained in like manner. 

Arsenate of Manganese, Mji"HA80\ is obtained by saturating arsenic acid 
with recently preeipita^ ct^bonate of manganese. 

Areenate qf Mdngai^^ and 4^monium, Mn*'(NH^)AsO* + dH^O.^Reddisb-whito 
precipitate, gummy at first, afterwarda. becoming crystalline : obtained like the eorre- 
spondiDg magnesium-salt. 

Arsenatssto^ Merens'y^^A fikrey^, areenate is obtained lu a yellow precipitate 
on adding arsenic acichto mercuric ntbettc,^ arsenate of aodium to mercuric chloride. 
The same yellow salt isproducisd, with voli^sation of arsenic^ oxide^ when azMic 
oxide is heOited with mercury. - * * 

iH-marowrou^ arsenate, 2Hg«0JI*0.A8«0« ^ HK), or (Hg>y'.HJ!L80« + |H«0, la 
obtained dropping mercurous nitrate into a strong solution of arsenic aSsid^ as a 
white precipitate, which turns red in drying. When, on the other handir aamnic 
acid or arsenate of sodium is added to the mercurous solution, a double salt hnsiialh 

and nitrate of mercurosnm is first formed; bnt it quickly decomCopes, stpecii^ly if 
heated, assuming a ^llow, orange, red, and ultimately purple 
these pfecipitates is aiapolved in warn nitric add, and the amd is gcadui^aeuhmm 
with ammonia, a blade prsdpitatc is formed, wbidi turns red when hsi^ for se^ 
time. . . • ■ 

l>iiiMieai<eiis anenatc is composed of foie needles, sometimes 
pmq^zed. When dried at 100^ C., and then more strongly heated; it fizd giTei oC 



a little water, then mereuty* and leam ydlow mereurio amnat^ wlik^ it 
temperature^ ia reeolved into mereory, anenioua oxide, and free oxygen. . 

concentmted hydrocblorie acid, it yielda a solution of arsenic acid, and a leaiduaii 
calomel, which is resolyed by boiling into metc^ and soluble mercnrio ehlorid^ . M' 
is converted into mercuric arsenate by botl^ with nitric acid, but dissolres ludiiUM^ 
in that acid when cold, the . eolutioii being precipitated by ammonia. It diss^ma ' 
slightly in aqueous nitrate of ammonium, and separates on evaporation with 
colonr and crystalline structure. It is quite insoluble in water, acetic acid, and 
monia. (Simon, Pogg. Ann. zU. 424.) , v 

Monomercur<ma arsenate, Hg*d.AaK>*| is produced by boiling mercnric caidii qr 
the di-mercurous salt, to djyness with aqueous arsenic acid, triturating the diy 
mass when cold with wmr« washing the powder, and diying it over the water* 
bath, whereby the whole of the water is expelled. It is white and amorphous, gives 
oiT mercury at a red heat, and leaves mercuric arsenate, which then undeis^ fUriher 
decomposition. By carefUl addition of potash, it is converted into the axmercuTOus 
salt. With hydrochloric acid and with boiling pitric acid, it behaves like the dimorcurous ' 
salt. In cola nitric acid it dissolves less abundantly than the latter, and on heatiii^ 
with gradual addition of ammonia, it yields a precipitate of the dimercurous salt. S 
is insoluble in water, acetic acid, and alcohol. (Simon.) 

A double salt, consisting of arsenate and nitrate o/fnerettreeum,JSg*AB^O^.ng*JPO*, 
ia obtained, when water is carefully poured upon an equal volume of a strong solu- 
tion of mercurous arsenate in moderately strong nitric acid, and an ^ual volume of 
aqueous ammonia then added, without allowing the liquids to mix. The doable 8^1 
is then gi^ually deposited in white nodules and needles. If the mercurous nitrate be 
mixed with a very small quantity of nitric acid, the compound is obtained in the form 
of powder. (Simon.) 

Arsenate of Molybdenum, — Molyhdoue Arsenate is precipitate, produced 

by mixing molybdous chloride with arsenate of sodium. The precipitate redissolvos 
at first, but afterwards becomes permanent. 

Arsem-mofyhdic Add. ^-Arsenic and molybdic acids digested together yield a colour- 
less acid solution, and a lemon-yellow basic salt, insoluble in water. The solution 
evaporated to a syrup, yields colourless crystals, which when treated with alcohol, first 
yield white flocks, and then dissolve. 

Arseno-molyhdate of Ammonium , — On adding arsenic acid to a solution of molyb- 
date of ammonium and heating to 100*^ C., a y^ow precipitate is formed, similar fo 
that produced by phosphoric acid.' ' It containB 7 per cent, arsenic, and appears to ^ 
analogous to phospho-molybdate of ammonium. (See Phosfuqaio Aoid.) 

Arsenate of Nickel, Ki’Aa’O* occurs as nickel-bloom, and is obtained by doable 
decomposition as an apple-green ciystaUine powder, insoluble in water, soluble in 
arsenic acid and in other strong acids, also in ammonia; foom the latter solution 
potash throws down hydrate of nickel free from arsenic. 

Arsenate of Palladium , — Light yellow precipitafo obtained by heating to* 
gether the solutions of neutral nitrate of palladium and aximmte of sodium. 

Arsenate of Platinum , — Light brown powder soluble in nitric acid, obtained by 
precipitating platinic nitrate with arsenate of sodium. 

Arsenate of Potassium.-^The tripotassio salt, K’AsO\ is obtained, lymbdng 
aqueous arsenic acid or the neutral salt with potash -ley, and strong. oonoentrntiQn, In 
sm^ needles, which deliquesce quickly in the Jiir. Th6 dipotdasio Sxlt, K*HJlbO*, isn 
deliquescent non-ctystalline mass, produced liy saturating aisenio acid with potash, ov 
by fosing arsenious oxide with hy^te of potassium. ^ 

The monopotassio salt, KH*AsO* (Macquer*i. 4 f*sr 9 f^a/^^gM<frfoiK/>)^»i 8 prepare#^ 

L By defla^ting arsenious oxide with anibqBii l^ight of nitreir dissolving the Aised » 
mass in water, and leaving the solution to crystallise. — ^ 2. By mixing aqueous 
^bsnate of potassium%ith such a quantify of arsenic aci^ that the solution Mdens 
liUnus-paper but the redness disappem as the paper driest and then evaporat^.-r- 
3. A mixture of potash-1^ and arsenic add neutral to vegetable oolouxu, o^osits the 
mom^tasaie salt udien partially evaporated, the alkaliim dipotassic aalt remaining in 
solaiion (ICitscherlich). Monopotasslc arsenate is isomorphous with the corre- 
mnding phosphates of potaasixim and ammonium, and with monammonio orMnate, 
The cry^als have a opeoific grav^ of 2*638 ; th^ are pennaaent ia the air, and givf 
off but little water, even at 288^ C,, but at a red heat th^ melt, (rive off water, and^aiw 
converted iata a thin Hqnid, whi^ on cooling solidifies into a white mass, enuiked in 
ml directions, masclra in 6*8 pts. of water at forming a solution of 

*P^fie grav^)^'^ 1^1484 ; thqy ars much more solnble in tot water, Vi^ iMoliibla li> 
ricohol. Tile aqatoto m reddens litmus, but the redtosi dliM|q»eiua 
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It does not preoipitata the salts of barium^ calcium, xn^esiiAiii oc the ol^cr eartli* 

Ltate fozined 1^ heating araenatc 


is the only one that can be 
--Slates ; it is a dark broim : 
conver^into chlori^lS 
■ and when heated, 
in aqueous arsenic 
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}J[rsenaie of Rhodium. — Yellowish-whita 
4^foditt]n With chloride of rhodium and sodium^ 
ir senate of Silver, — The tri-arventio f€d§^ 
ined by precipitating nitrate of silyer witl^^Iij 
^itate which melts to a brown-red gl^ 
aHTqrl::^hydrochloricacld, dissolves in acetic af^'wd; 

^in ^j^te, nitrate and succinate of ammoniuifif;i^& 

the solution, if left to evaporate, depQ||H&4 ^ ^ ^ ^ 

^^^^s salt and the mother-liquor from which it has separated, 
yielding the brown triargcntic salt. 

triargentic salt treated with sulphuric acid yieldte by evaporation 4 
>^As®O^Ag*SO*, which is decomposed by water a#d ^hy ailitt0 
(^tterberg.) * 

Arsenate of Sodium . — The trisodic salt^ Na*AsO^ + 12H*0 isp] _ 

1 at. of the disodic salt with carbonate of sodium, or by mixing the igaaousMuti^^ 
of arernic acid with excess of carbonate of sodium, and ovapor^^ng to bji^ 

The salt then crystallises almost completely, the excess cf^eK>da remaining dissokire^* 
The crystals are right rhombic prisms permanent in the air; they have an allrA^li u^ 
taste, melt at 86^ C., and dissolve in 3^ pts. of water, the solution as well as the 
ignited salt absorbing moisture from the air. The disodic salt, Na^HAsO* + 12H*0, 
separates from a solution of arsenic acid slightly supersaturated with carbonate of 
sodium, and left to evaporate below 18^ G., in large eth orescent crystals isoniorpho^ 
with ordinary phosphate of sodium. By leaving a more concentrated solution 
crystallise at 20° C. or above, crystals are obtained belonging to the monoclinic system, 
containing 14 at. water, and not efflorescent. Both kinds of crj^stals give off the 
whole of their crystallisation-water, at 200° C., melt easily at a higher temperature, 
and give off their basic water, leaving the anhydrous salt, 2Na®0. As'-^O®, or Nb*As* 0’ ; 
this anhydrous salt, however, recovers its basic water when redissolved. According 
to Setterberg, a salt with 26 at., water of crystallisation separates from a solution 
cooled to 0° C. 

The tnonosodic salt, NalI*AsO^ is formed when arsenic acid is added to carbonate 
sodium till the solution no longer precipitates chloride of barium ; it crystallises out 
after a while in the cold. It is more soluble than the disodic salt, and forms largo 
crystals isomorphous with the corresponding phosphate. 

Arsenate of Sodium and Ammonium, Na(NH‘*)HAsO* + 4IFO, is obtained by mix- 
ing the solutions of the di-ammonic and disodic salts, in crystals exactly reseijihlhig 
those of the corresponding phosphate (microcosmic salt). When heated to redness, 
they leave monosodic arsenate. (Mitschorlich.) 

Arsenate of Sodium and Poiassiuni, KNallAsO* + 1611*0. (Mitscherlich).— - 
Obtained by neutralising thamonosodic salt with carbonate of potassium. The crystals 

• j: .lo.oo .. 


they also contain the same quantity of water. 

Arseno-fluoride of Sodium, Na’AsO^.NoF + 12H*0. — Prepared by gradually in- 
troducing a mixture of 1 pt. arsenious oxide, 4 pts. carbonate of sodium, 3 pts. 
nitrate of sodium, and 1 pt.- fluor-spar, into a rod-hot crucible, and ultimately heating 
to complete fusion. On boiling the fused mass with water and Altering, the double 
aolt crystallises out in regular octahedrons, exactly like common alum. They have a 
ppecifle gravity of 2*849 at 2t° C., dissolve in 9*6 pts of water, at 26° C.* and in 2pta* 
^at 76° C. (Briegleb, Ann. Ch. Phanh. xcvii. 96.) 

Arsenosulphate of Sodium . — A solution of 3 at. Na*HAsO*, mixed with 1 at. sul^une 
acid, yields crystals containing Na"As*0'*.2Na*SO*, or 4Na*0.3As*0* + 2(Na*0S0*)j| 
their solution slightly reddens litmus, but still toms turmeric brown (HitscherHeb). 
By dissolving sulphate of sodium and disodic arsenate toj^ther in equivalent proportions^ 
or by heating anhydrous disodic arsenate in a current or sulphurous anhydride (half 
arsenic acid being then reduced to arsenious acid, which volatDises), and- subsequent 
recrystallisation, a salt is obtained, composed of Na*S0*.Na*A8*0*, whi<di does not 
alter by* exposure to the air, and finws more easily than either of its emnponent sslte. 
(Setterberg.) ^ 

Arsenals of Strontium, Sr'HAsO*. — Resembles the barium-salt. By ^grecipite*'^ 
iokg its ecdntion in nitric acid with excess of ammonia, adouble salt is ] ' 

+ ja«0. 



in wite iqneona aeid. 

Arsenate of Titanium*^>4^littm0iidd. added to solution of tiUnio ozide^ 
down white flo^ which di^^ t«^fitreou^ masses, and are soluble in ttesi^ 


aci^ as well as in aisenip 
Arsenates of Ti 
% gelatinous mass when 
is treated with ezMi 

water at 120^0. (H 

,Stenfioiis Armt^ » th 



2Sn0*.A8*0* + 10H*0, is preci^ 
Joh of stannate and excess of arsenate of 
'fSt is transparent when dry, and glTsaj 
W X. 290.) 
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lltemltete oWined bj adding arsenic add f 

chloride of aoDtHi Tin hOated with aqueous arsenic acid eliminates 
fsgfnm. a gelatinous masiiL 

'Aftenettss of UraniuA, — Uranie arsenate, or Arssnate qf Uranyl^ (U*0*yitAs0* 
+ 4£DK)*i is fonned bv ^^j^fttating uranic acetate with arsenic acid, or uranic nitrate 
^th jfenate pf sodium. It is a yellow precipitate which gives off its water at 

120*i(K 

Adtfjdi’wrajtg ^senate, JVH)*y}^aAsO* -f fH*0, is obtained by mixing a solution of 
annie dllmte W$L trisOSi and by boiling uranic arsenate with solution 

of basic acetate of coppes (obtained by digesting verdigris with water), a green eupro* 
nrania arsenate is formed, containing (U^0^)*Cu"As*0” + 8Aq. (Werther.) 

Uranous Arsefiafe, U"HAsO^ + ^11*0, is a green proeipitate obtained bv treating 
oranous chloride with disodic arsenate. It dissolves in hydroehlorio acio, and the 
solution mixed with excess of ammonia yields a vei^ bulky precipitate of M*nranofcs 
arsenate, U*As*0". (Rammelsberg, Pogg. Ann, lix. 96.) 


Arsenates of Vanadium , — A solution of vanadic hydrate in excess of axsente 
scid yields by evaporation, a crust of blue crystalline granules, containing 1 
vanadic oxide (VO^) to 1 at. anliydrous arsenic ‘acid. It dissolves very slowly in 
water, but easily in hydrochloric acid. A more basic salt is obtained as a syrupy 
mass, nlixed witn crystals of the preceding salt, by evaporating a solution of arseiuo 
acid saturated with vanadic oxide. 

If the solution of the crystalline compound in nitric acid be evaporated till nitroM 
acid begins to escape, a yellow powder is deposited, which is a compound of vaaadie 
and araenio anhydrides, 2V^0^3As^0^ 

Arsenate of Yttrium . — The salt obtained by precipitation is a white 

hea^ powder, which dissolves in nitric acid, and separates therefrom in^ eiystallina 
graina The nitric acid solution supersaturate with ammonia yields the tri’^ttrio salt 
Yttria dissolves in excess of arsenic acid, but the solution when heated deposits the 
di-yttric salt 

Arsenate of Zinc , — Acetate of zinc treated with arsenic acid or arsenate of 
sodium, yields a white precipitate, which dissolves in excess of ar^nio acid, and se- 
parates on evaporation in cubical ciystals of an acid salt! Zinc dissolves in aqueow 
arwnic acid, with evolution of arsenetted hydrogen, and deposition of metollio arsenie 
mixed with brown solid arsenide of hydrogen. When sine and arsenic oxide are fused 
together, a laige quantity of arsenie is reduced, with slight detonation. 

THrincio Arsenate, Zd*As^O* + 8H*0, occurs as KottMe in the Daniel cobalt mine 
near Schneeberg in Saxony, forming monoclinie crystals, or crusts with crystalline 
structure. Specific gravity 8'1. Hardness 2*6—8. It is of light carmine 6r peach- 
blossom colour, translucent, and gives a reddish-white streak. The sine is part]^ 
replaced by cobalt and nickeU Analysis 87*2 per cent. As'0\ 80 6 ZnO, 6*9 CoO, 
2 00 NiO, with trace of lime, and 28*4 water. (Kottig, J. pr. Ohem. ^vii. 188; 
Neumann, iM. 266.) . ' 

Sulphate of sine added to a solution of amenato of sodium containing ammonia pfo- 
dnees a precipitate of tridnete arsenate, which soon changes to a crystaUine compound 
uonteining, according to Bette, ^*AaH)*.2NH*.8H*0 (?}. 

Areenate of Zireonium , — White precipitate insoluble in water. 


. ASP* JSromarsenioue AM, AsBrO. — ArseniM 

oxide d&Molvee easily and abundantly in fttsed snenions bromide forming a somewhal 
viscid dark^lonrea liquid, which does not solidify so quickly ss the pure bromide. 
If this liquid be distillM till it becomes rather thiek and thenallowed to cool to about 
160® (0. or F. f) it separates into two layers, tbe lower of which is a soft dark-colottred 



^bromide AsBrO, while the i 
with arsenious oxi^ i 

areudecompo!^ by heat^ giving off bromide of fl 

An onybromldeof arsenic is likewise formed ly the 
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V which fl veiy viscid, is a 
ly OAdBrOJU^’; both ^ 
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886 ARSEHtG : SULPHIDES: 

tiie lifomide (Serullas)* When bromide of arsenic is boiled with a quantity of water 
ccmtainii^ hydrobromio acid not sufficient ^^issolve^it, the undimlTed portion is 
oonTertea into oxy bromide. A cold solution draromide of arsenic in water containing 
hydiobromic acid, yields, by eyaporation oyer sulphuric acid, thin white pemrly crystal^ 
consisting of hydrated oxyoromide, 2A8Br0.3H^O. A solution of bromide of arsenic 
fn ^ater, prepared at the boiling heat, deposits <m cooling c^stala of arsenious oxide; 
but the water contains a large quantity of hydrobromic acid, the solution deposits on 
cooling, white flocks of a compound, wmch after drying between fllter-paper, consista 
of 2Awr0.3AB*0* + 12H^O. — When bromide of ammonium is added to a cold con- 
centrated solution of bromide of arsenic^ six-sided tables are slowly deposited, consistuig 
mainly of anhydrous bromido of arsenic. (Wallace, loo^ oit.) 

JkMnrzOpOXTOmORZBS 01*« CklorarseniouBAcid, AsCaO,or AsOllAsK)*. 
—Pulverised arsenious oxide added in successive portions to boiling chloride of arsenic 
continues to dissolve till the liqmd contains 2 at. chloride to 1 at. oxide. The sijne 
solution is obtained' by passing dry hydrochloric acid gas into a vessel containing d|y 
arsenious oxide till the latter is dissolved : great heat is evolved during the reaction. 
On distilling the solution obtained by either process, till it begins to frow, and leaving 
the residue to cool, oxychloride of arsenic separates as a visci^ translucc^ brownish^ 
mass, which fumes slightly in the air, and absorbs oxygen from it, flxiths when strongly 
heated, giving off chloride of arsenic, and at the subliming temperature of axsenious 
oxide, leaves a hard vitreous residue, consisting of AsClO.As^O*. 

Oxychloride of arsenic is likewise produced when chloride of arsenic is treated with 
a quantity of water not sufficient to dissolve it completely. A solution of chloride of 
arsenic in the smallest possible quantity of water (8H^O to lAsCP) deposits, 
some days, small, white, needle-shaped mystal^ grouped in stars or like prehnite, imd 
consisting of AsClO.H^O ; the mother-liquor yields an additional quantity when 
'with chloride of sodium. 

Oxychloride of arsenic unites with metallic chlorides. By mixing aqueous chloride 
of arsenic with a quantity of hydrochloric acid sufficient to prevent the separation of 
oxychloride, and then adding a lump of sal-ammoniac, crystals of that sidt separate 
out at first, and after a few days, fibrous needles of the compound AsC10.2NH^Cl, 
apparently containing | at. H*0, which is given off when the crystals are left over sul- 
pnuric acid. (Wall ace, Phil. Mag. [4] xvi. 838.) 

^ JLUMBJI’IC, 0XYZ01>X3>X Ol". A8®I*0** « 2AsI0,3As*0*. — ^A hot aqueous solu- 
tion of arsenious iodide deposits, when concentrated by boiling, fine red needles of the 
anhydrous iodide ; but if left to cool slowly, it deposits thin pearly laminse, which after 
drying between bibulous paper, are composed of 2AsI0.3As®0* + 6H*0, and give off all 
their water over sulphuric acid. They are decomposed by water, and when heated 
yield a sublimate chiefly consisting of iodide of arsenic, while arsenious oxide remains 
behind (Wallace, Phil. Ma^(4j xvii. 122). The formation of this compound had 
proviously been ol^erved by Plisson and by SeinillHS and Hottot, who regarded it as 
a compound of arsenious oxide with arsenious iodide. (Gm. iv. 282.) 

ikllSBXflrzc, OXT8V&PHZ9B OP. See SunPHOXABSBNXTE of Potassium 
(p. 395). 

BkBSBBTZOt StnbPBZBBS OP* The sulphides of arsenic are more numerous 
than the oxides. There are three well-defined sulphides, As’S®, Ab*S*, and Ab® 9* [or 
AsS*f and AsS*t if /S «* 16], all of which act as sulphur-acids. The first two 
occur as natural minerals, realgar and orwmenl, and may also be obtained in the ftee 
state by artificial processes ; the third is known only in combination. Besides these 
cotu pounds, there is a euhetUphide, A8**S(?), which remains as a brown powder when 
the disulphide Ab®S® is digested with caustic alkalis; and, according to Berzelius^ a 
^sulphide, Ab*S**, obtained in yellow crystalline scales, by mixing a solution «f 
aipotassic or disodic sulpharsenate with alcohol, and evaporating to about two-thirds; 
but the pfTodiict thus obtained is most probably a sulpliarsenate with excess of auilpliili^. 
When arsenious oxide is fused with sulphur, sulphurous anhydride Is evolv^, and a/ 
sulphide*of arsenic containing excess of 8ul;^ur remains. On distilling this reMdof^ < 
sulphur passes over, accompanied by a continnally increasing quantity of 
Much of the ordinaxy sulphur of commerce is a compound of this nature.^ 

Bisulphids of Anssiric. As®S*. Bealgar^ Bed Oipimemtt or Bufy Sm^hir; 
rothee Baueck^b^ Arsenic sulphvri rau^e, Bieigailc; Sandaraea of Pliny and 
VitrttsiM;snB|^apdKs of TheophrMtus and Dioscorides. fii combination ; H t fo s oim - 
ABSBwwus |tcp »c~-This compound ocean native as realgar, crystallised in obliqus 
rhombits of the monoclinio system, having an orange-yellow or anroea^rsd. ; 

colour, ‘‘n^ii^ips Instre, and more or leas translucent: streak varying ftUK 

antoriMnd; fracture conchoidal, uneven ; sectile. Specific gravity W - 
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HanlnoBS — 1*^ to 2* It is foimd acoomp^jing ores of silTor and lead, at A&dMms- 
bunr in the Haw, Kapoik and Hagyag in Transylyania, Felaobanya in Hungary, 
Jo^nisthal in Bohemia^ and^ SMiebei^ in Saxony. At Tiyowa in Hungarv, it 
occurs in beds of ele ^ ; at Si Gotliard imbedded in dolomite ; near Jolamerk in 
Koordistan ; also in the Yesnyian lavas, in minute crystals. Strabo speaks of a mine 
at Pompeiopolis, in Paphlagonia. (pan a.) 

Disulpbide of arsenic may be prepared bv melting metallic arsenio with sulphur or 
erpimeni or sulphur with arsenious oxide, in the required proportions As thus 
oljbained, it is transparent and of a ruby-colour, easily fhsible, and crystalline after 
solidification fifom flision. An impure piquet is prepared on the lai^ scale by heat- 
inir in a subliming apparatus a mixture of arsenical pyrites and iron-pyrit^ and 
Siting the product with arsenic or sulphur, according as a darker or lighter colour ia 
dedi^. This commercial product is amorphoui^ usually brown-red, opaque, and of 
TSiiable composition, generally containing arsenious oxide. It is used as a pigment, 
though not so much now as formerly. 

Bisulphide of arsenic burns in the air with a blue flame, forming sulphurous and 
arsenious oxides. W^n deflagrated with nitre, it produces a. bright white Hgbt. 
Indian white fire is a imxture of 24 pts. nitre, 7 pts. siuphur, and 2 pts. realgar. The 
disulphide heated with nitrio acid, yields arsenio acid and tree ^pur. ^ With strong 
eulptwric acid^ it forma sulphurous and arsenious acids. When it is digested in fine 
powder with potaeh^ley^ part dissolves and there remains a brown powder consisting 
of As'*S. (?) 

HvrosuLPHABSENiTBS. — Tlieso are sulphur-salts formed by the mixing of disulphide 
‘^f arsenic with basic sulphides. They are for the most part sparingly soluble in 
water. The little that is known of them is due to the researches of Berzelius. 

^ The ammonium^edt is deposited in small dark brown granules on the sides of a 
closed vessel in which neutral sulpharsenite of ammonium is kept for a long time. It 
absorbs ammonia-gas, but gives it off again on exposure to the mr. 

Hypo 8 td 2 ihar 8 enite of Potassium, — The colourless liquid obtained by boiling trisul- 
phide of arsenic with moderate concentrated carbonate of potassium, deposits in the 
course of 12 hours, brown-red flocks of the salt 2K*SAs*S*. or K*Ab*S*. If this com- 
pound be washed with a small quantity of cold water till it swells up to a jell^, and 
then treated with more water, the greater part dissolves, forming a red solution of 
the salt, SK^S.As'S*, and leaving an insoluble dark-brown powder ooQsisting of 
K‘‘S.2As^S^ which melts easily when heated, and solidifies on cooling to a transparent 
dnrk red mass. The basic salt 3K*S.As’S' remains perfectly soluble in water, even 
after complete drying. 

The sodium Ayposulpharsenitea resemhle those of ’potMaivan, 

Other hyposulpuarsenitee are obtained by precipitation. The barium and calcium 
saifs are red-brown ; the magnesium-salt is brown ; the manganese-salt dark red. 

Trisulpbidb of A&bbnzc, or Ansnirious SunmiDn. In combination: 
SuLpuAusBNious AoiD. As'SP*, OP Or^meni, Yellow SrUphide of Arsenic^ Oelbss 

Jiai€8chgelh^ Hisigallum^ Auripigmentum (Vitruvius); Arsenicum (Pliny); *Apc4vi»wp 
(Dioscorides) ; •khpiriKor (Theophrastus). — ^This sulphide occurs native in^ rhombic 
prisms belonging to the trimetric system, easily splitting parallel to oePoo into thin 
flexible laminm. They are translucent, of lemon-yellow colour, inclining to omge-yellcnr, 
with pearly lustre on the cleavage-faces, resinous elsewhere; powder lemon-y^Iow ; 
sp^iftc gravity 3*4fi9 (Karsten]^ 3*48 (Mohs, Haidinger), 3*4 (Breithaupt). 

Traulphide of arsenic is obtained in the pure state by passing hydrosulphurie acid 
gas into a solution of arsenious acid or an arsenite acidiUated with one of the stronget 
aciils. As thus prepared, it has a fine lemon-yellow colour, becomii^ darker by heat; 
and produces an orange-yellow powder: it melts easily and volatiBses at a higlier 
temperature. % 

An impora trisnlphide ia prepared on the large scale by subliming 7 parte of pulve- 
rised anenious oxi& with I pt. of sulphur. It always contains more or less oxide, 
inasmuch as to convert that oom^und completely into trisulphide requires 7*3 pts. of 
eulphnr to 10 pts. of the oxide : nance this preparation is much more poisonous than 
the pure artiflcLil sulphide or the native snJphide, It was formerly much used as a 
pigment, tuider the name of Kinfs gellaw, toit is now almost entirely superseded by 
chrome-y^low. The arsenious oxide may be extracted ftom it by boiling with water, 
or with ^ute aqnecnu acids, or cream of tartar. ^ .* , 

Arsenious sulphide is alsOvtised hi calieo printing; the pattern Wng niioM with a 
preparation containing arsenious acid, and then passed th3oa|||^;; ir^^ ‘ 

bydra^pjniri^ add. A eoludon of mrpiment in potash-ley is nsiiA .Hi a da- 

oxidising agent, especially foft reducing indigo. A paste d|iP>4 Knie; 

eipunent, and water, is employed by some natione as a depfldilly lir 

c c 2 ' " ' 
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beard; but it is a dangerous preparation, mid, according to Bott^ maj be fe* 
placed for this purpose by sulphydiate of calciuxou^ 

iecomposiiims. — 1. Arsenious sulphide, like lu the other s^phides of an^c, is 
converted by o^isinh agenU into oxides of stdohur and arsenic. When it is fiised 
with acid culphate of potasaauTu^ sulphurous oxide (SO*) is given off, and arsenite of 
potassium remains mixed with neutral sulphate. — 2. jGzpoBed to the action of chlor^ 
gaa^ it becomes heated, and deliquesces to a brown liquid consisting of a sulphochloride 
of arsenic, A8®C1*S* (i Bose). — 3. The vapour of arsenious sulphide passed oyer re<l- 
hot iron, ailver^ and other metals, is decomposed, yielding a^ metalhc sulphide and 
froe arsenic, which, if the other metal is in excess, unites ydth it. 

4. Wlien the vapour is passed over red-hot lime, arsenic is separated, and arsenate 
of calcium is produced, together with sulphide of calcium. 

5. Arsenious sulphide heated with carbonate ofpgtaaaium or aodium in a glass tube, 
yields a mirror of arsenic, together* with sulph arsenate and arsenate of the alkaH- 
metal. If the mixture is heated in an atmosphere of hydrogen^ or with addition of char- 
coaly the arsenical mirror is increased by the arsenic reduced &om the arsenate ; the 
sulpharsenato remains undecomposed. (H. Bose, Pogg. Ann. xc. 565.) 

6. When arsenious sulphide is heated in a test-tube with a mixture of alpine 
carbonate and cyanide of potaaaiwmy the whole of the arsenic is reduced, according to 
Fresenius ; only part of it, according to H. Bose, because the sulphur-salt of arsenic 
formed at the same time resists the action of the cyanide of potassium. Hence 
lursenioufl sulphide fused with cyanide of potassium and excess of sulphur does not 
yield any arsenical mirror. The formation of the mirror may also be prevented by 
the presence of other easily reducible metals, which convert the arsenic into an 
arsenide, and do not give it up. 

7. When arsenious sulphide is boiled with the solution of an alh^ine carbonate^ and 
the concentrated solution is filtered, a clear liquid is obtained, which deposits a brown 
powder, consisting of hypoaulpharsenite of the alkali-metal, while a sulpharsenate re- 
mains in solution. A similar decomposition takes place when a soluble neutral sulph- 
- arsenite is treated with water. 

8. Arsenious sulphide is readily dissolved by cold caustic potash, soda, or ammonia, 
undergoing exactly the same decomposition os antimonious sulphide ^der similar 
circumstances (p. 822), the oxygen of the alkali converting the arsenic into arsenious 
acid, ’while the alkali-metal unites with the sulphur, and the basic sulphide thus 
formed combines with the rest of the arsenious sulphide : 

4As*S» + 5K*0 « 3(K*S.As«S») + 2K*0.A5*0* 

On adding an acid to this solution, no sulphuretted hydrogen is evolved, but the whole 
of the sulphur and arsenic are separated as arsenious sulphide : 

3(K*8,Aa*S*) + 2K*0.As»0* + lOHCl = lOKCl + 511=0 + 4A8»S» 

Sui.PHAnsEfnTES.— Arsenious sulphide unites with basic metallic sulphides in three 
difftront proportions, forming, with potassium, for example, the compounds 3K*9.A8*S* 
or K^AsS* 2K*S.As»S*.or K*As*S», and K*aAs=S* or KAsS= [or ZKS,2AaS\ 2KS,A8S^, 
and KSmAaSP , — Of these, the diha^c or tetrametallic salts are the most common, and 
are regained as neutral or normal aulpharsenites. 

The soluble sulpharsenites are prepared: 1. By igniting sulpharsenates out of con- 
tact with the air, 2 at. sulphur then escaping. — 2. by dissolving arsenious sulphide m 
. an alkaline sulphide or sulphydrato ; in the latter case, sulphuretted hydrogen is evolv^ 
■' — 3. By dissolving arsenious sulphide in a cold solution of caustic mkali. — 4, By 
Bolving arsenious oxide in an alkaline sulphydrate, in which case half of the alk a l i is 
Gonrorted into arsenite ; t.g,\ 

Aa*0* + 2KHS « KAsS* + KAsO* + H*0. 

The only sulpharsenites that are soluble in water are those of the alkali-inet^ 
alkaline earth-mctals, and magnesium, and even these are decomposed by water, ttols as 
the water is in considerable quantitv. Hence the solutions cannot be evaporated^ to 
dryness without decomposition. The solutions^ are colourless or yellowi^ 
hepatic at first, and afterwards disgustingly bitter. — 5. The sulpharsenites of bp 6 
aerth-metals and heavy metals are obtained by predpitating a solution of the towe* 
sponding compound of an olkali-metal, obtained by either of the methods 2, 3, 4, wito 
aaalt m the earth-metal or heavy metaL (Berzelius.) ^ ^ 

^6 ildphiltBexujtes are' either yellow or red. Most of them, when igmted out 
(K>ntaet of aU their sulphur-acid; others give up such a quantily thM w 

residue cOiitafflJi iy^sulphur-base to 1 at, sulphur-acid; but the sulpnanimtee 
ulkaU-melala, ^etlHpose which contain equal numbers of atoms of base aro aci d, 
off Nothing whsMfHjl^h The alkali-metal eompousds obtained by the first mMno% 
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when tmted iritlL aodbII quantity of w»ter, and tha dilute tolntioiui obtained by 
method 2, 3, or 4, when they erapmilji in the air, are reaolved into brown hypoaulph« 
usenite which is precipitate and ;|^phar8enate which remaina in aolution ; bat ^e 
decomposition is not complete till the solution is concentrated to the ctystalUsing 
point of the latter salt If the decomposed mass be digested in a lar^^ onantity <3 
water and boiled the whole is reconTerted into snlpharsemte and redissolved* The 
solutions of the barium^ strontiam, calcium, and magnesium salts, containing 1 at. base 
to 1 at. acid, deposit, on boiling, a portion of the arsenions sulphide ; the unmoninm, 
potassium, s^nm, and lithium compounds remain undecomposed. On adding alcohol 
to the aqueous solution of a compound of 1 at. of araenious sulphide with 2 at. of the 
sulphide of an alkali-metal, a compound containing 3 at. of sulphur-base is precipi- 
tated, while a compound containing 1 at of sulphur-base remains in solution : 

2(2K*a.As*Sgjj - 8 K»S.Ab*S* + K*S.As*S*. 

But the precipitated trlbasio salt soon turns black, being resolved into hyposnlph- 
aisenite and sulpharsenate. The potassium and sodium' compounds ezhim uis 
blackening on the addition of alcohol, even when the solution contains nothing but 
tribasic scat (3K*S.As^S*) ; but with the ammonium, barium, strontium, and cslcinm 
salts, it does not take place unless the aolution contains dibasic salt (2^"S.As*S*). •— 
Aqueous solutions of sulphamenites exposed to the air are decomposed by oxidation 
(more slowly in proportion to the excess of sulphur-base), depositing orpiment and a 
brown compound of disulphide of arsenic with the sulphur-base. Hydrated oxide of 
copper, added to a solution containing a compound of sulpharsenioos acid with the sul- 
pb.de of an alkali-metal, decomposes that compound, ^ridding twelve-basic sulph- 
arsenite of copper, which remains undissolved, and a hyacinth-r^ solution, containing 
an alkaline arsenite and tribasic sulpharsenito of copper, and deposits the latter on the 
addition of hydrochloric acid. Perliaps in this manner : 

y^K^S.As^S*) + 27Cu''0 » 2(12Cu"S.A8"S») + 3Cu"S.As*S’ + 3(8K^0.2.U*0*). 


If the hydrated oxide of copper is in excess, the arsenions acid contained in the solu- 
tion is converted into arsenic acid, and the protoxide of copper reduced to sub-ogide. 
— Oxide of silver in excess decomposes the solution, forming sulphide of lilvm and 
alkaline arsenite : 

KAsS* + 2Ag*0 « 2Ag*S + KAsO^ 

Sulpharaenite of Ammonium^ 2(NH*)*S,Aj*S*. — The solution of aneoloiit 
snlphide in sulphide of ammonium or caustic ammonia yields, when mixed with 
alcohol, a precipitate of this composition, which, however, soon turns brown. If 
previously mixed with sulphydiate of ammonium, it deposits white feathery crystals of 
basic salt ^3NH*)’S.As*S*. Finely divided orsenious sulphide absorbs per 
cent, of ammonia-gas, but gives it up again when exposed to the air. 

Sulpharsenite o/* Bur item.-— The solution of arsenions Eulphidein sulphydrate of 
barium ^es up to a red-brown gummy mass of the neutral salt, 2Ba'B.As^, perfectly 
soluble in water. Alcohol precipitates from tiie solution crystalline flakes of the basis 
salt, 3Ba'B.Aa*8* which is Bkewise obtained by treating anenions sulphide with excess 
of sulphide of barium. 

Sulpharsenite^ of Bismuth^ 2Bi*S*.As*S*, is a red-brown precipitate^ whldi 
turns black in drying. By Ibsioii, a grey metallic-shining mass is obtainedi 
sisting of the basic salt, ^ 

Sulpharsenite of Cadfliiwi»,^-dGidmium-talt8 mixed with a saturated solution 
<^f cnenious sulphide in sulphide of ammonium, yield a yellow precipitate^ 2Cd'8,AiW, 
which bemmes orange-ydlow when dry, and semifluid when heate^ living off part of 
the arsenions sulphide, and leaving a flised grey compound oontainmg aloiger pro- 
portion of cadmic sulphide. * i , 

Sulphareenite of Cufsf uio.— When orpiment is dmested with milk of lime, abd 
th^liition is flOltered fleom the arsenite of calcinm, whmh forms at the same time, a 
colourless filtrate is obtained, which, by spontaueous evaporation, yields foatb^ 
<>f^ basic salt 3(VB.AS^, surrounded by a brown syrup id the neutral salt 
S.As^. TOis syrup digested with an additional quantity of anenious sslidkidev 
““ <icpo»iti a bro w n powder ooneistiiw of hypomtlpharsenUe of edwfnm, 

• 7^ edution of the sulpharsenito containing excess of sulphide of caldum^ 

TwSf with alcohol, a whitopredpltatoof the basic salt, containing 8Ga*SJU^+ 16Aq^ 
Sulphareenite of Cetium^ 2(VUAs9.--TeUW pneipitato^ which acquires a 
iwm^coloar when dry, msltst, and evolves part of die smniona^pliide wh«i heatod, 
and when roamad aiw»M ni% ^tt itm i. into sulpiii^ 


when roasted gives iq^ all its arsenic, and is ecmqdstoly t 
^^ffkareenite of Chromium, 20*W,aAsW- 
w c o 2 
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greenish-jeQoir after drying. Wh^ heated, it melto.and ^yes ckOT pM <if fJte 
axsenions sulphide and is conyerted into chromic oxide bj roasting. 

Sulpharsenite of Cobalt, 2Co*'S.As*S*, is a dark brown precipitate, which 
becomes black in drying, dissolves in excess of the precipitant, and when ignited 
in close yessels^ leaves a residue haWng the composition of cobalt-glance. 

Sulpharsenite of Copper . — A twelve-basic salt, 12C?a''B.As®S*, remains nndis- 
aolved as a brown mass, unien cupric hydrate is added to solution of monc^tassio 
sulpharsenate, till the colour of the liquid is no longer altered. The tribaoio ooHi, 
3Cu*S.As*8*, is precipitated in light brown flakes on adding hydrochloric acid to tlm 
hyacinth-red solution obtained m the manner just mentioned. The neutral salt^ 
2Ca^.As^S, is obtained by adding neutral sulpharsenite of sodium to a cupric salt, as 
a black-brown precipitate, which acquires a metel-grey aspect by trituration. When 
distilled, it flrst gives off sulphur, then arseniou^^ sulphide, and leaves a tumefled 
metal-grey substance, probably consisting of cuprous uyposulpharsenite. 

Sulpharsenite of Glucinumt 2Q"S.As*S*, is a yellow precipitate, formed, without 
evolution of sulphuretted hydrogen, on adding a neutral glucinum-salt to a solution 
of sulphide of sodium saturated with arsenious sulphide. Acids separate but litfle 
sulphuretted hydrogen from it, ammonia partly dissolves it, and leaves pure glucina. 

Sulpharsenite of Gold, 2Au*S*.3As*S*. — Yellow precipitate, becoming darker 
as it settles down, bl^k when diy, and yielding by trituration a yellow-brown powder. 
At a diUl red heat, it melts, gives off part of the arsenious sulphide, and solidifies to a 
transparent yellow-red mass, yielding by dry trituration a yellow-brown mass, which, 
however, by continued trituration under water, assumes a metallic lustre, as if 
from reduced gold. To expel the whole of the arsenious sulphide requires a full 
white heat. 

Sulpharseniies of Iron , — The ferric salt, 2Fe®S®.3As*S*, is an olive-green 
precipitate, soluble iu excess of the precipitating alkaline sulpharsenite, acquiring a 
green colour when dry, and a fine yeUow-green by trituration. It melts easily when 
heated, and decomposes at a red h€at> leaving pure sulphide of iron. The ferrotis salt, 
2Fe"S.As*S*, is a brown-black precipitate, also soluble in excess of the precipitant ; 
grey-brown when d^, dark greenisn after trituration. It is decomposed by heat, 
leaving pure sulphide of iron. The dried precipitate always contains ferric oxide 
mixed with the preceding salt 

Sulpharsenite of Lead, 2Pb"S.A8’'9*. — Bed-brown precipitate, black when dry; 
melts to a brittle metallic-looking mass, a shining grey crystalline fimeture, and yield- 
ing a grey powder. 

Sulpharsenite of Lithium resembles the potassium- and sodium-salts. 

Sulpharsenite of Magnesium , — The aqueous solution evaporated, or cooled 
to — fioC., becomes fight brown, and deposits a brown powder consisting of hyposul- 
pharsenite of magnesium ; then dries to a viscid mass, which ultima^y souses, 
and is almost wholly soluble in water. 

Sulpharsenite of Manganese , — Light red precipitate, becoming mrange-yeZlow 
when £7. Heated in close vessels, it gives off a considerable portion of the arsenious 
siilphide, and leaves a yellow-green compound, from which byurochlorio acid extiaets 
the manganese, with evolution of sulphuretted hydrogen, leaving a residue of arsenious 
sulphide. 

Sulpharseniies of Meroury , — The nentral mercuric salt, 2Hg'^.A8^S*, is an 
orange-red fiocculent precipitate, which becomes white in presence of excess of mercuric 
chloride, but retains its coIout if the precipitant is in excess. It is dark bioini when 
diy, and gives a yellow powder. When heated, it yields a grey metallic-shining sub- 
limate of which is translucent in thin films, and yields a yellow powder 

when finely ground. The mercurous salt, 2(Hg’}"S.As*S*, is a black precipitate, which 
decrepitates with explosion when distilled, giving off mercury andyiol^ng a sublin^ 
of mercurous hyposulpharsenite in black opaque metallic crusts, which yield a led 
powder. 

Sulpharsenite of Molybdenum , — ^The solution of molybdic acid in hydro<dilone 
acid forms with sulpharsenite of sodium, a dark brown powder, winch becomM black in 
drying, and decomposes at a red heat, giving off arsenious sulphide and snlplrar, *ed - 
leaving disulphide of molybdenum, MoS^. - ^ 

SulpharseniU ofJSiekitl, 2Hi'^.ABS*, isaWaA precipitote, which, when distifl^ 
easily gives olf aU its arsenious sulphide, and leaves y^owsinteired sulphide of nidEeL 
0/ JPo^asstam.— The neutral salt, 2K:^JUFS^, is obtained 
the ooms|ibiiding sulpharsenate (2K*S.Ajrt3*) till the excess of sulphur ii 



MMtnoff ltiikdiA*eI]ownM%«lii«]i1>«Mnie»«eI]a»m«wliiiB.’ TkMtedvl^ 
^ter it yields a flolution of banc snlpkiixaeiiata (SK^SJU^) a^ a leiddiio «i 
IwooB^pbawew*®- When arsemoua aolphido is dissolved at mean tempemtiuw in 
jiauwus stilphydrate of poUunium, till all the siilphraetted hydw^n is eUmiimied, 
the solution contains an acid B3S.2A8*^. This solution is decorapo^ 

f )v evaporation, depositing brown hyposulpharsenite ofpotassium, K'S.AsS. On mu d ng 
the eoluUon with alcohol, a white precipitate of 3 K?&Ab*S* is formed at first; but 
it soon becomes brown and fignrupy, and deposits the hy^ulpharsenite. When esr- 
bonate of potassium is fused with arsenious sulphide tin the excess of the latter is 
4 >xpeiled, there remains a mass, consisting of K*S.As*S*. This salt is decomposed by 
waW the acid salt, K%.2As’S^ dissolving, and a compound, still richer in arsenious 
sulphide, remaining undissolvod. 

Sutpharsenite of Silvert 2Ag*aAs*S*. is a light brown precipitate, transparent 
at first, becoming bla^ during collltetion ; when heated in tho d^ state, it melts and 
iri ves off part of the arsenious sulphide. The black fhsed mass yields a brown powder. 
Wlien acul sulpharsenite of sodium is precipitated by a saturated solution of chloride 
of silver in ammooiSf ^ dark yellow precipitate is formed, containing 6Ag^SMds*S*. 


Sulpharsenite of Sodium , — Strictly analogous to the potsssium-salt 
Sulpharsenites of Tin, — The stannous salt^ 2SnS.As*S*, is a dark red-brown 
prwipfitato, infusible, but giving off part of its sdphur at high temperatoree. The 
siannic salt, SnfiP.Aa*S*, is a gummy yellow precipitate, which becomes orange-yeUour 
when dry. 

Uranic Sulpharsenite, 2XJ*8*.As®S*, is a dingy yellow precipitate, which melts 
and gives off part of its sulphur when heated, after exposure to a white heat, 
leaves a grey porous mass, still containing arsenious sulphide. * 

Sulpharsenite of Zinc, 2Zu"S.A8*S*. — Lemon-yellow precipitate, orange-yellow 
when ^y ; cives off arsenious sulphide when heated, leaving a more basic compound, 
and at a higher temperature, pure sulphide of sine. 

Sulpharsenite of Zirconium, 2Zr*S*,A8*S*,— Orange-yellow precipitate, quits 
insoluble in exceM of the aUudine sidpharsenite. 


Pbntasulfhidb of Absbnxc, or Absskio Svlpkzbb. In combination; 
SuLrautKSBNio Acm. Ab*S^ or substance containing^ arsenic and sulphui 

in this proportion is precipitated when a soluble sulpharsenate is decomposed by hy< 
droebloric acid ; but it appears to be rather a mixture of the f risulpmde with 
sulphur. When sulphuretted hydrogen is passed into an aqueous solution of aisenk 
acid, sulphur is first separated, and remains for a long time suspended in the liquid 
Tho precipitate contains a very small (mantity of triso^hide of arsenic, which may be 
extracted by dilute ammonia, pure sulphur then remaining. The filtered liquid is then 
found to contain arsenic acid, together with a small quantity of arsenious acid ; and, it 
foilphurotted hydrogen be then rapidly passed throi^h it for a short time, a precipitate 
of trisulphide of arsenic is obtain^ If this precipitate be separated by filtration, and 
the passage of tho sulphuretted hydrogen continued, the liquid again becomes turbid 
from separation of sulphur, and, by i^peating these operations, the whole of the 
arsenic may be precipitated as triiwphide. (H. Bose, Pogg. Ann. ovii. 186; H. 
Ludwig, Arch. Pharm. [2] xcvii 28.) 

A sulphide of arsenic corresponding to anhydrous anenic arid, AbH>*, does not 
therefore appear to exist in the firee state. Nevertheless, the precipitate thrown down 
by acids from solutions of sulpharsenates has the composition of the pentasulphids^ 
, and as such dissolves completely in alkaline sulphides and in strong ammonia ; dilute 
ammonia, however, dissolves out the trisulphide and leaves the 
Hulfhabsbkatbs. — These salts may be regarded as compounds of pentasulphids oi 
arsenic with basic metallic sulphides. Our Knowledge respeetuig them is chimly due 
fo the researches of Bmelius. They are fhr the most part mono; di, or tribasio, a few 
instances only oeemring of snlpharsenates with larger proportion either of sulphur* 
base or sulphitr-arid. Thrir gmenlfinmulmste; 

Sra.AiV'orMiUS' - ^js* 
2SI<SJji*8> w Il«Aa«' > 

* FwAMnioMMbi U"Ai9. 
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The tef rametallic salts are generally regarded as neutral ; the monometaUic as irtli*' 
the trimetallie as basic. 

The sulpharsenates are prepared: 1. By passing Bulphui|tted hydrogen throngh the 
solution of an arsenate in water or in hydr^hloric acid, mut : 

K*AsO‘ + 4H*a « K*AaS* + 4H*0. 

— 2. By ftising orpiment with excess of sulphur and a caustic a^ali or alkaline carbonate. 

— 3. By digesting the trisulphide in an aqueous solution of a disulphide or polysulphide 
of aikau-metal. — 4. By dissolving the pentasulphide (As^S’ + 2S) in a caustic ^ali, 
or iu an alkaline carbonate at the boiling heat. In this case an arsenate is formed at 
the same time. — 5, Those sulpharsenates which are insoluble in water may be obtained 
by precipitation from the solution of an alkaline sulpharsenate. 

The sulpharsenates of the alkali-metals are lemon-yellow ; the others red or 
brown. They are permanent in the air. Those which are soluble taste hepatic at 
first, afterwards intensely bitter. The tribasic salts have a tenden<7^ to crystallise ; 
the dibasic and monobasic salts are amorphous. 

The trimetallie sulpharsenates of potassium, sodium, lithium, and barium may, if ait 
be excluded, be heated almost to whiteness without decomposition ; on cooling, they 
solidify to a yellow mass perfectly soluble in water. The tetrumetullic and monometallic 
sulpharsenates of these metals give off sulphur when heated, and are converted into 
milpharsenites. The silver- and mercury-salts (the latter of which sublimes) remain 
undecomposed at a red heat. The other tetramotellic and monometallic sulpharsenates 
are decomposed by ignition, first yielding sulphur and a red salt of siUpharsenious acid ; 
and in many coses, the sulphursenite is resolved by continued ignition into trisulphide 
of arsenic, which sublimes, and the sulphur-base, which remains behind. The calcium- 
and magnesiuihHBalta first evolve sulphur, and then the greater part of the trisulphide, 
and leave a white unfused compound of magnesium- or calcium-sulphide, with a very 
small quantity of trisijilphidc ; most of the hea^y-metal-compounds evolve sulphur at 
first, and then all tho sulnhirlo of arsonie, so that notliing but the sulphur-base re- 
mains behind. The sulpharsenates, when heated in tho air, give off orpiment and 
arsenious oxide, and leave a sulphate when the base contains an alkali-metal, and pure 
oxide if it contains a heavy metal. The aqueous solution of the sulpharsenate of an 
alkali-metal is decomposed by exposure to the air — tho litjuid becoming turbid, and 
depositing sulphur, pentasulphide of arsenic (Ab®S“ + S-) and a brown salt of hypo- 
sulpharsonious aci^ while alkaline arseniteand hyposulphite are formed, and tho latter, 
by ftirthor oxidation, is converted into sulphate ; the cooler and more concentrated 
the solution, the more slowly does the decomposition proceed. Acids, even carbonic 
acid, decompose the alkaline sulpharsenates, separating hydrosnlphuric acid gas of a 
peculiar odour, and precipitating a mixturo of arsenious sulphide and sulphur. 
Hydrated cupric oxide, introduced into the solution of an alkaline sulpharsenate, 
decomposes a portion of that compound, forming alkaline arsenate and sulphide of 
copper, a small portion of which dissolves in the liquid. A similar reaction is 
produced by other heavy metallic oxides which do not retain their oxygen with very 
great force. (Berzelius.) 

Hany sulpharsenates are soluble in water, namely, those of the alkali-metala, 
magnesium, yttrium, and glncinum. The solutions are either colourless or pale yellow. 
From the solutions of tho dibasic salts alcohol precipitates a tribasic salt, and leavea 
monobasic salt in solution. When this solution is placed in a shallow dish, and 
evaporated iit a gentle heat, there remains a lemon-yellow residue, from which water 
extracts a dib.asic salt. (B o rz e 1 i u s.) 

Sulpharsenate of Ammonium. 2(NH*)*S.Ajb*S* ** (NH^)^ALS*S^ — solntion ^ 
of pentasulphide of arsenic in sulphide of ammonium, yields by evaporation, a visetd, 
relish-yellow muss, which decomposes partially in drying, and BtiU more when heated, 
first giving off a liquid containing disulphide of ammonium, and then yielding a sub- 
limate of arsenious sulphide : (NH*)^Ab*S^. *■ 4BH^S + Afl%*. — The solution becomes 
brownish-yeilow when boiled, and on cooling dcTOsits a yellow |»wder composed of 
(NH*)*S.12As^S^ Tlie aqueous solution of the <£basic salt is precipitated by alcoho], 
the mcna7nmanic or add salt, KH^AsS*, then remaining in solution. If the solution be 
previously mixed with sulphide of ammonium and heated, alcohol throws down the 
tri-ammonic or basic salt <NH*)*A8S\ in prismatic crystals. 

Sulpharsenate of Antimony is a burnt-yellow, easily fixsiUe precipitate. 

Sulpharsenate of Barium. — ^The tribarytic-salt, Ba*A8*5*, isobtained by decoa^ 
posing the totrabaiytic or neutral salt : 1, by a red heat ; 2, by mixing its igneous soln- ^ 
tion with sulphide of barium, the mixture evapcirated in vacuoover stuphuric acid at the 
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with alcohol : it then lalLi down as a curdy raaeipitate, reiy eoluble in 
wsJUt, probably a hydrate The dibasic cate, le produced by 

saturaung a eolution of nejdtral araenate of barium with hydrosulphurie acid. The 
solution^ee up to a fissured lemou-yellow nmcc, which, if eiposed to the air after all 
its water has been drawn off, absorbs water again, swelling up and falling to pieces 
at the same time. It dissolyes in water in all piop^ons. With sulphate of potas- 
sium, it yields a precipitate of sulphate of barium, and a solution of neutral sulph- 
arsenate of potassium. — The mot^arwtio or acid salt, Ba^As'S*, remains in Boluuon 
when the neutral salt is precipitated by alcohol. It is decomposed by eyaporation, 
yielding a yellow deposit of the salt, Ba"S.^A8*S^ while the neutral salt remains in 
solution, 

Sulpharcenaie of Bismuth, — Both Uie basic and the neutral salts are dark- 
brown precipitates, soluble in excess of the alkaline sulphorsenate. 

Sulpharsenats of Cadmium is a light yellow powder. 

Sulpharsenate of Calcium. — The baste sale, Ca’As^S*, is obtained by mixing 
the solution of the neutral salt with sulphide of calcium, and either eyaporating or 
precipitating with alcohol ; it is not crystallisable, and when precipitated by alcohol 
forma cither a powder or a syrup, according to the quantity of water that it contains 
It (lissolvos easily in water, but is insoluble in alcohol. The neutral salt, Oa^AsS* 
2CaS,A8®S*, is precisely analogous to the barium-salt. Its solution when oyaporated 
coagulates to a syrup, which, if tlion left to eyaporate further, dries up to a yellow 
opaque mass, becoming anhydrous at 00® C. : when exposed to the air, it absorbs 
water, swells up, and detaches itself from the sides of the yessel. There appears to bo 
no acid sulpharsenate of calcium. 

Sulpharsenatea of Cerium, — The ceric salt, 2Ce*S*.AB®S*, is a yilfowish white 
precipitate, not quite insoluble in water, and consequently not appearing in yery 
dilute solutions. The cerous salts, Ce''S.A8*S*, and 3Co"S.Aa*S*, are obtained by 
double decomposition as precipitates of a fine yellow colour, which become somewhat 
darker when dry. 

Sulpharsenate of Cohalt, Co*As®S^ a 2Co"S.A8*S*, is a brown precipitate which 
becomes black when collected and dried, and dissolyes with dark colour m excess of 
sulpliiirsonato of sodium. 

Sulpharsenate of Copper, Cu*As*S’ « 2Cu"S.A8^S*, is obtained as a dark brown 
proiMpitate, by treating solutions of copper-salts with neutral sulpharsenate of sodium, 
or by passing sulphipetted hydrogen through an acid solution containing arsenic acid 
and cupric oxide : if the arsenic acid is m excess, the brown sulpliur-salt is first 
precipitated, and then yellow sulphide of ansenic. From a precipitate of this kind, 
sulphide of ammonium dissolves not only the sulphide of arsenic, but likewise by its 
intervention, a large portion of the sulphide of copper. Very dilute ammonia likewise 
♦‘xfracta tlje sulphide of arsenic: stronger ammonia acquires a brown tint by t- ak^y g 
up some of the sulphide of copper. (Gm. v. 476.) 

Sulpharsenate of Glucinum, — Pentasuipbide of aisenic digested with hydrate 
gluoiiium and water, is dissolved to a small amount and reprecipitated by adds, 
(jhicinuin-salbi are not precipitated by sulpharsenate of sodium. 

Sulpharsenate of Gold. — The trlhasic salt, (A!u)AsS* ■■ (Au)*S*,As*S*, is formed 
by precipitating a gold-solution with tribasic arsenate of sodium. It is a dark brown 
precipitate, soluble in pure water. Ferrous sulphate decolorises the solution, 

throws a yellow-broTO substance not yet examined. The dibasic salt, 2(Xu)*S*.3AjflS*, 
obtaincMl by precipitation with neutaal sulpharsenate of sodium, disMlvos in pure 
water, with brown red colour. 

Snlpharsenates of Iron, — 'the ferric salt, 2Fe*S*.3AB*S*, is a greyish-green , 
precipitate, which dissolves with very dark colour in excess of the precipitant, is not 
altered by drying, but melts easily when heated, giving off sulphur, and Mng con- 
verted into ferric sulphaisenite. — The ferrous salt, 2Fe'%Jis*S* ■* Fe*As*S% is a dark 
brown precipitate, which dissolves in excees of the alkaline sulpharsenate. It decom- 
poses in di^ng, assuming a rnsty colour, and then coneiets of a mixture of the 
preceding salt with ferric oxide. 

Sulpharsenate of Lead , — ^The salts Fb*Ae*9*, and Pb•Ae*S^ are pbtafned by 
former is black-brown, the latter of a fine red eolour ; both turn 

SulpharsdhaU cf Lithium.^Ths basic salt, U*As&\ is preeiptteted hf sl^hpl 
"om the sdution ef the neutral sidt in shining, ooloaxleBS cijs&lliiie sesSei^ soluble in 
hot water, and seperating therefirom on eoeding in six-siM pfkni^ sad by fipmt Uns cm 
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eTHporation lu four-sided tables with rbombic base. Tb© neutrd sjd^ ib a 

non-ciystalline lemon-yellow xnaa^, which absorbs moisture ^m the and is perfectly 
soluble in water. The acid salt, is known only in alcoholic solution, being 

decomposed by evaporation. The hypmtcid salt, with 12 at. As’^S^ is prepaid UlS 
the corresponding potassium-salt 

Sulphareenate of — ^The tribasic salt, Mg*As*0* or dM^'S.As*S*, is 

obtained by adding sidphydj^e Of magnesium to a solution of the neutral salt as long 
as sulphuretted hydrogen continues to escape, and afterwards evaporating the solution, 
or if it be not too dilute, cooling it quicldy down. It forms colouness radiating 
crystals, which become moist on exposure to the air. Alcohol decomposes them, 
extracting the neutral salt and leaving a compound of 1 at. As*S* with more 
3 at. Mg^S, which is nearly insoluble in water. The same compound remains as a 
white unfused mass, when the neutral salt is heated to redness in a retort. Potash 
added to the aqueous solution of the tribasic salt precipitates magnesia, and forms a 
solution of tribasic sulpliarsenate of potassium. — The neutral salt^ 2M^'S.As*S*, is a 
non -crystalline, lemon-yellow mass, which does not absorb water from the air, dis- 
solves in water to any amount, and is precipitated from the solution by alcohol. 

Sidpharscnate of Magnesium and Ammoninm, (NH^)]l^g"AsS^ (?) — Precipitated on 
adding alcohol to an aqueous solution of the mixed sulpharsenates of magnesium and 
ammonium, in delicate white needles, which, when exposed to tlie air, give off sul- 
phuretted hydrogen and turn yellow. It dissolves easily in water. 

Sulpharscnate of Manganese, — The neutral salU 2Mn'^.A8®S*, is obtain^ by 
digesting recently precipitated sulphide of manganese with water, trisulphide of 
arsenic and sulphur, partly dissolving in the water and partly remaining at the bottom 
in the form of a lemon-yellow powder, which however dissolves in a larger quantity 
of water. The solution when evaporated, yields sulphur, and afterwards ^posits a 
lemon-yellow mass, no longer completely soluble in water. The neutral is like- 
wise obtained, but mixed with arsenate of manganese, when carbonate of manganese 
is boiled with water and trisulphide of arsenic and sulphur. Manganous salts are 
not precipitated by sulpharsenato of sodium. A sexhasic sali^ 6]VIn''S..^"S*, is produced 
by digesting the yellow powder of the neutral salt in strong ammonia. It is a brick- 
red powder, somewhat soluble in water, and, when ignited at one point, continues to 
burn. 

Sulpharsenates of Mercury, — The mercuric salt, 2Hg^S.A8’S*, is precipitated 
from mercuric chloride both by basic and by neutral sulpharsenate of sodium, as a 
dark yellow substance, which retains its colour after diying. It sublimes undecom- 
nosed, and yields a powder of the colour of cinnabar. Tho mercuTous salt, 2Hg®S- As’S*, 
or is precipittited black l^m solutions free from mercuric oxide; if 

tho^ latter is present, the precipitate is brownish-yellow, and becomes darker in 
drying. When distilled, it decrepitates violently and gives off mercury, and at a 
higher temperature yields a sublimate of the mercuric salt just described. 

Molybdie Acid is is not precipitated by sulpharsenate of sodium. 

Sulpharaenate of Nickel. — Nickel-salts, if not too dilute, immediately yield a 
black precipitate, with neutral or basic sulpharsenate of sodium. Very dilute solutions 
first assume a yellow-brown colour, then yield a precipitate. 

Sulpharsenate of platinum, — The neutral and basic sodium-salts do not 
precipitate platinum-solutions, but merely colour them dark-brown. Ferrous sulphate 
added to the brown liquid, throws down a black-brown substance, while the solution 
becomes colourless. 

Sulpharsenate of Potassium. — The tribasic salt, SK®S.Ab^, or K*AsS*, is 
deposited as an oily concentrated solution, on mixing the aqueous solution of the 
neutral salt with alcohol. When dried at a gentlelieat, it leaves a fibrous deliquescent 
mass. 

The Ticutral oi^ dibasic salt, 2K*S,As'S* or K^As*S^ is produced by satnratug an 
aqueous solution <n ^potassic arsenate with hydrosulphuric acid and evapora^ig in 
vacuo. The residue is a viscid, yellowish, somewhat ciystalline mass, which does not 
dry up completely, ^ut on exposure to the air first liquefies and then solidifies in a 
crystalline mass of rhombic tablets. 

The monobasic or acid salt, K*S.An^*, or EIAsS’, remains dissolved when* the aqneons 
solution of the neutral salt is precipitated with ^cohoL The solution is decomposed 
by evaporation, and deposits crystals of persulphide of arsenic (see p. S861.— 
2 Aqueous sulphide of potassium dissolres at ordinary temperatures, more than i fl^ 
but than 1 at of pentasulphide of arsenic. The solutiooi, when evaporatea in 
the air, first becomes covered with a film of sulphur, then deposits a red crust end bjf 
this loss of snlphide of anenic. is converted into the dibasic salt which dries vp finl to 
a stiff syrup and then to a lemon-yellow maaa. 



A Kyper-acid salt, wto& ttie iolatlan of tho neatn^ salt 

is aocompoeed bjr carbonic ai0ii ; shnilu^ oa^^hBing kydrosulphurio acid m thron^li 
iiimiopotaasic aflienaie. — ItHls a yoUow powd^eontaining 2*9 sulphide of potassihia 
anti 97*1 pentasulphido pf arsenic. (Bersf^K) i 

Hulph^fiTStnate of VoUxMium, (IC*0.2B[^)As*S*^^^ (B?H^)As‘*S*0*. •— Frodnc^ 
M hen Wphurettcd hydrogen is rapidly passed tbrwigh9|Qld sattuated solution of dipo- 
ta.ssic arsenate (p. 383). The liquid first turns y^ow, 'well deposits a small quantity of 
trisalphide of anenic mixed vith sulphur, and ultimately a colourless cryst^ine ndt, 
\V hen a certain quantity of this salt has been formed, caustic potash is to be added to 
the liquid, and the stream of sulphuretted hydrog^ continued: by this means, an 
additional quantity is obtained. The greater part of tho sulphide of arsenic must 
then be rinsed away with the mother-liquor, and the salt washed with veiy small 
quantities of water, pressed, and dried in vacuo. It crystallises in small white 
elongated prisms, sometimes 1 or 2 cent^etres long, slightly soluble in water. Tho 
Wry salt is permanent in the air, and gives up all its watt'rat 170° C., without meltix^» 
It iuses over the spirit-lamp, giving oif, first arsenic sulphide and then metallic arsenic. 
The aqueous solution decomposes rapidly at a boiling neat, ^ving off hydrosulphurio 
m id and dep<isiting sulphur. If hydrochloric acid be then added, a precipitate of sul* 
j.liide of arsenic is obtained. From tho salt itself, hydrochloric acid precipitateo 
nothing but sulphur, and the precipitation is complete; tho filtrate then containn 
nrsenious acid. Lead-salts added to the solution give a white precipitate, which soon 
turns black. The acid of this salt, ll*A8*S“0* (arsenic acid, having part of its ozygeu 
replaced by eutphur), cannot be obtained in the free state. If the lead-salt, 
i in mediately after its formation, he collected on a filter and mixed with a Quantity 
of dilute sulphuric acid less than sufficient to decompose it completely, a stro!%1y acid 
liijuid is qhtained, which gives no precipitate with barium-salts ; but it quickly decom- 
pM^^cs and deposits sulphide of arsenic. (Bouquet and Cloez, Ann. Ch.'^Phys. [3] 
xiii. 44.) 

,^ulphar senate of iS//vcr.— Both ihonntiral and salts are precipitated fri>m 
sdvor-solutions, with brown colour, turning black in drying; the prccipitatias are very 
hU'W in settling down. When they are heated in tho air, the sulphide of arsenic bums 
;nvay, and sulphide of silver remains; but if heated to retlness in close vessels, they 
without giving off sulphur or sulphide of arsenic, and on cooling solidify in the 
lonn of a grey, somewhat ductilo cake, exhibiting metallic lustre. 

^uiphar senate of Sodium, a. TrihasiesaH. 3Na*S.AsS*+ 1611*0 s«2Na*As8* + 
Mi 1*0. — Obtained : 1. By precipitating a solution of tho dibasic salt with alcohoL— 
2. By leaving a mixture of the dibasic salt b and sulphydrato of sodium to evaj^rate. 

- 3. By digesting the alcoholic solution of peiitusujphide of sodium with orpiment, 
l*onring tho liquid off, washing the residue with alcohol, then dissolving out the tri- 
basio salt with water, and leaving tho solution to crystallise. — 4. By dissolving penta- 
Niilphido of arsenic in a^^ucous sodu-solutioii, and leaving the liquid to crystallise. 
Tlie crystals obfaiiic*d by either of these incthoils are washed on a filter with alcohol, then 
pressed and dried (Berzelius). — 6. By boiling 1 pt, of sulphur, IJ pt. of orpiment, 
and 8 pts. of crystallised carbonate of soda with water, and purifying the cxystals ob« 
taiiied from the filtnite by recrystallisation (llammeUberg, Pogg .Ann. liv. 238). 
By method (1) the salt is obtained in snow-white crystals; by (4) in ill-dcfln^ rhom- 
l>oulal tables. It crystallises by slow cooling from a hot aqueous solution, in irregiilar 
Hix-sided prisms, with two of their lateral edges more acute than the rest; by spon- 
t;inoouH evaporation or very slow cooling, in transparent rhombic prisms with dihedral 
sunmiits resting on the acute lateral ed^s ; and V)y still slower cooling, till the tem- 
penituro falls Iwlow 0° C., in white, opaque, rhombic octahedrons. The cqpramM 
eryntais are milk-white ; the transparent crystals are yellowish, and havo 
of a diamond lustre. (Berzelius.) 

The salt when dry is permanent in the air ; even in vacuo over oil of it 

doog not give up itg water till gently heated ; it then becomes millb^ite ; when IliM 
^trongly heated, it gives off a small quantity of hydrosnlphuric aci^and turns ydlow. 
ilcafM in a retort, in fuses it its water of ciystallisation, formings pale yellow 
nquul, then gives off water, and is converted into a white saltj^pAicn, when more 
Htrrjngly heat^, deer^itates slightly, evolves the remaining watei&ncd a small <]nan« 
iSf acid, and fuses to a dark red liqud; on cooling, this liquid 

e^'hdifies and forms the yellow anhydrous compound, Ka*As^ (Berseiina). It is 
completely by boiling with sulphate of copper, Welding a fieciptnta of 
wuphide of copper, wmle soda, stuphnric acid, and arsenic amd remain in solutionj 

Ka*AsS* 4* 4Ca*S0« ^ 4H»0 - 40n^ + HaPAiiO* + 4H*SCP. 
decomposition takes plaoa ^dtli M^ate of 1^4 the preetpitated snL 
phide of lead [if the acetate is in ezceasji fi'inlksd with arseo^ of lea^ becanse that 
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salt is insolabU in aeetie 

ab^dantly in water. ^ 

'‘^'JDibaaio aqueous solution of dx- 

e arsenate satiated with hVdmui^dtoie and then left to eTsporate spon- 

oush^ ^Mds a yiscid liquid^ and a^terlei^^ if mntl^ heated, a diy lemon-yellow 

mass. iUb substance mdts a^ a modei»tl^|Mat» forming a very pale ^Uow Uquid 
^losing water at the same time if warmed in an oj^n vessel), and on cooling solidifies 
in a yellow mass, which softens when exposed to the air. (B era elins.) 

€, Monobasic salt, Na®S.As*S* NaAsS*.— When the tribasiq salt is prepared with 
alcohol according to method (1), the 6upema|aQt alcoholic solution contains the 
mono-basic salt. On distilling off the alcohol, the liquid often deposits persulphide 
of arsenic in beautiful crystals. 

Hyfer-aoid salt, Na*S.12A8^S^ — Yellow powder, obtained like the potassium 
"'dampound. (Berzelius.) 

Sulpharsenate of Sodium and Ammonium, (NH^)*AsS^Ka*AsS^, is obtained by 
^ WHxing tharsolutions of the two basic salts with alcohol, and cooling slowly, whei^- 
upon it 'colisets on the sides of the vessel in small four-sided tables ; or more easily by 
dWilving agl-ammoniae in an exactly proportional quantity of the basic sodium-salt 
and leavmg the solution to evaporate ; it then separates in yellowish six-sided prisms, 
^permanent in the air, and much more soluble in water than the sodium-salt. When 
oistilled, it give8t>i}fir sulphide of ammonium with a little water, leaving sulpharsenite 
of sodium. 

^he nqutral siDlpharsenatcs of sodium and ammonium dry up to a yellow mass when 

mSxHw 

* SUlp^TSsnate of Sodium and Pofossfum.— Very regular four-sided tables, having 
a faint yellowish colour. 

Sulpharsenate of Strontium, — The neutral salt is obtained in the same manner 
aa the barium-compound. On mixing the solution with alcohol, the basic salt is preci- 
pitated, sometimes as a syrup, sometimes as a white powder, according as it is more or 
MSS pu^ed from the neutnu salt. 


.^ arsenates of Tin. — Both the neutral and basic sodium-salts form with 
siani^SSS ^woride, a dark chestnut-brown precipitate ; with stannic chloride, pale 
yellow gummy precipitates, becoming orange-yellow when dry. 

Vranic Suip*harsenafe . — The neutral salt, 2U®5?*.A8’S* or (U*S*)*A8*S^ is a 
dingy yellow precipitate ; the basic «tlt has a somewhat darker colour. Both dissolve 
with dark brown colour in excess of the precipitJint. 

Vanadic salts give no precipitate with sulpharsenate of sodium; but the blue 
solution is decolorised. 


Sulpharsenate of Yttrium. — Besombles the glucinum-salt. 

Sulpharsenate of Zinc, — The neutral salt is a light yellow precipitate, the basic 
salt till lighter; both are orange-yellow when dry. 

Sulpharsenate of Zirconium, — Solutions of zirconium-salts arc precipitated, 
though not immediately, both by basic and by neutral sulpharsenate of sodium ; the 
precipitate is lemon-yellow while moist, orange-yellow after drying. Acids do not 
extract zirconia from it. 

AB8BnOA& COBAXiTp C099WMf tUOVf See, See the several metals. 


ABSaflUOAli BraiTBB. See Ibon, Absenidbs of. 


ABSBVXOJlXi BT&OFBOBU8. Arsenite of barium ignited with gum-traga- 
canth, is said by Osann to yield a greyish-yellow pyrophoric mixture. 


ABBBBTlCNim A TtXOBBS (OBCMiXrzO). Arsenic unites with the alcohol- 
ladides, fbrming compounds analogous to those of antimony, and containing' 1 ft. 
arsenic, combing with 1, 2, 3, or 4 at. of the organic radicle. The following ia a list 
of the compounds of this class at present known. Those to which no formulB are 
assigned, have ^been but imperfectly studied. 

Arsenides Of AllyL 

ArBenid4ri>^of Amyl. 

Are enidil of Ethyl: - 


Anenethyl 
Aieendietfayl, or Ethyl-oaeo^l 

Arseatriethyt or 

Aifenethylium, or Tet 


As((OT») 
AB(Cra»)f 


. ' 5 ''. 




A»(CH») 

A8(CH»)* « 

A8(CIP)« 

Aa(CH*)»(C»H*) 

A8(CH»)a(Cr*H*)* 

A8(CH»)(0^H»)^ 

As(CH»)*(C»H»«)* 



AuianenetbjHgjn 
FlataxAe^et]lJlium 

Arsenides of Methyl: 

Anenmethyl • • . • 

Arsendimethylt or Cacodyl • • 

Araentrimethyl, or Trimethylsnine 
Arsenmethylium, or Totramethylarsoninm 
Arscntrimethyl-ethvlium 
AP8endimethyl*diethylium 
Arscnmethyl-triatliyliiun. 

Arsendimethyl-diamyliiim 

Arsenide of Tetryl (or Butyl). 

Arsenide of Trityl (or Propyl). - ^ 

These compounds are produce^ like the antimonides of tho alcohol'^radiSiSi .1^ di^ 
tilling the iodides of these radides urith arsenide of potassiuni or nodjum. Aiheii^^ 
dimethyl, or cacodyli is likewise formed by distilling a mixture of gtlMldeiis oxide and 
an alkaline acetate, and was obtained in this manner bv Cadet, sO ago-as 1^^ 
The dl- trityl and di-tetryl compounds appear to be produced in a sittilb i 
distilling arsenious oxide with an alkaline Talerate or butyrate. The oomp 
tainlng 2 and 3 ats of alcohol-radicle, e.ff. cacodyl and arsentriothyl, have! 
in the free state ; the rest only in combination. 

The compoundlB containing 1 at. alcohol-radicle, such as Aa(Cn*), are di-atottife M 
Ictr-atomic, uniting with 2 and 4 at. Cl, I, &c. ; those with 2 at. aleoholi»iAdiclQ^ 
caoodvl, for example, are mono- and tri-atomic; those with 3 at, ulcohobrUdicleyt 
A.s(C‘II‘)^ for example, are di-atomic ; and those which contain 4 at, 
e. y. A8(C*II*)^, are monatomic and triatomic. (S^ OuGAKo-MSTALnio 

Arsenidea of AlljU When iodide of allyl is heated with araeaiAirii^ 

Siam, a number of liijuid products are formed, having an extremely joffenilm X 
and rising gradually in boiling point, so that their separation cannm^^U be oifbcted, 
and at the same time, a solid crystalline moss is formed, which appears to be the 
iodide of arscnallylium or tetrnllylarsonium, As(C’H^)^I, (Cahours and 
Hofmann, Phil, Trans. 1867, p. 335.) 

Araenidea of Amyl. Iodide of amyl distilled with arsepide of potassiuiiL 
yiold .4 compounds analogous to the arsenides of ethyl and methyl (Cahours and 
liiche.) 

Afsoaidoa of SthyL* 

Three of these compounds, viz. araendiethyl, A8(C^H*), araentricthyly As^C*H*)*, and 

- • auy described 

dium mixed 

...... , Iry carbonic 

acid The action takes place without extemsl heating, and when it is finished, the 
rr Kulting arsenides of ethyl may be separated one from the other cither by fractiona] 
distillation, or by treatment with ether. Aracncthylf AsC^H*, is obtained by ths 
decomposition of arseudiethji. . 

AasBiTBTHTL, or Arsbnkokbthtx, As{C*H*) « AsE. — ^is radicle is not 
knoim in the free state ; but the di-iodide is obtain^ (toother with iodide of ethyl)^ 
by the action of 2 at. iodine on 1 at. iodide of arsendiethyl, or of 3 at iodine on I'at 
arsendiethyl : 

• Asm + P - El + AsEI» 

AsE* + P - £I 4^ As£P. 

The di-iodide distined with 2 at iodine, yields tri-iodide of azaenie (AsEI* 4* 1* <■ 
£1 + Asp). Treated witii excess of oxide of sUtfer and water, it u oonrerted int< 
ArsenmonIthyHc acid, Aa(Cm*)H*0>. (Cahours, CoiBpt.«s|£ L 1022; ^ 
Chim. piire, it 266 .) . " 

AnsBHDXBTHTL, OT ETBTXrOAOODTf^ As(G*H?)*, » beSt Ob^ 

vsenide of sodium with excess of iodide'i^ Cwl" ui the manner J 

' 'S- ^ 

ciiif* *«»*• * xa*!iPf A Chen;. 1 S», 4«r ; SSa-Cnhetiri 

<^<’«l>c.niMLzUa.S7; IshrctlMa^. isap, ]|«p. Chin, pure, II. SlA 






digest &is 

alcohol, ^ 
^wter, wL 
Hum, formed 



ie diettf!kl» the 4«£hem2 leattmsb ivith absolntA 

;|he e^er % dcohoHc eoletioo^^ 

ih Bolaj^on the iodide of aisenethv 
ttilioit of antttriethjl with the excess of iodide of ethyl 

_ li i n :_t. 




power, 

»ahahg, 

^vin^ off rapours^f arsenious oadde^ and if has been separab 

nllation, it takiui di^e when a drop of it is let tail on wood or paper; but if it J 

precipitatedf 4ijf« water fiiom the alcoholic solution, it does not take fire tiH lgipi^ 

180^ 0. It is rapidly oxidised bjr stroi^ nitric acid, with eyolution of light 

IcMM completely by diinte nitric acid, which also forms with it a red substance analogous 

to Bunsen’s irythrarsin. .Ajgpendiethyl reduces the noble metals, silver, mercuiy, 

from their solutions, and is at the same time converted into araendieihvlie add 

y 0, 

Arsendiethyl also unites directly with chlorine, bromine, iodine, and sulphur, Thess 
compounds are liquids having a peculiarly repulsive and persistent odour, and attacking 
the eyes strongly ; continued exposure to it produces headache and other unpleasant 
symptoms.^ The iodide, As(C*H^)*I, is prepared by saturating an ethereal solution of 
arsendieth}[l with an ethereal solution of iodine, and evaporating the ether. It is a 
yellow oil, insoluble in water, but soluble in alcohol and ether. The alcoholic solution 
mixed with nitrate or sulphate of silver, yields a precipitate of iodide of silver, and a 
solution of nitrate or sulphate of arsendiethyl. 

On gradually adding a dilute alcoholic solution of merourio chloride to an alcoholic 
solution of arsendiethyl, a white precipitate is formed, which however disappears 
on bomng, and the solution yiehls on cooling a crystalline powder, consisting of 
2Hg*O.As(C2H*)2Cl*. This salt is inodmus, sparingly soluble in cold water and in 
alcohol, more soluble in boiling water : it is decomposed by strong nitric acid. Two 
« other ciystnUino compounds are formed at the same time, in small quantity. 

Arsendicthylic Acid, As(C*H*)*HO*. — '\VTien arsendiethyl is triturated with 
red oxide of mercuiy under water, mercury separates out, and a solution of nrsemli- 
ethylate of mercury is formed: and by precipiteting the mercuric oxide with baiyfa- 
water, removing the excess of baryta by carbonic acid, decomposing the filtered solution 
of arsendi ethylate of barium with sulphuric acid, and evaporating, arsendiethylic acid 
Is obtained in crystals. This acid is also produced by the direct oxidation of arsen- 
diethyl, as when that substance is left for some time in a loosely stoppered bottle ; also, 
when its alcoholic solution is exposed to the air, or more quickly when that solution 
is riiakcn up with oxygen gas. The crystals contain A8(C^H*)*H0*. They are 
Inodorous, liave a slightly acid, afterwards bitter taste, deliquesce in the air, 
dissolve readily in water and alcohol, sparingly in ether. They melt at 
190® C,, forming an oily liquid, which solidifies in a crystalline mass on cooling; but 
at higher temperatures, they are decomposed, with evolution of arsenious oxide and 
stinking arsenical products. The acid is not attacked by nitric acid, aqua-regia, or by 
the milder reducing agents, such as sulphurous acid, and ferrous sulphate ; but phos- 
phorous acid reduces it, forming a pungent oily liquid, probably the oxide of arsendi- 
ethyl The aqueous solution of the acid readily decomposes carbonates, aud precipitates 
ferric, mercurous, and ctq)ric salts; also acetate of lead. The nurcuric salt is a dcH- 
qucscent crystalline muss. The iar/ww-salt, obtained by saturating the aqueous acid 
with baiyta-wnter and evaporating, contains Ba"Jl ; the 

water of crystallisation is not completely given off at 120® C. 


ABSEKTaiBTHTi., or Tkiethteabsikb. A8(C*H*)*, — This is the chief product 
of the action of iodide of ethyl on arsenide of sodium, and is easily separated fiom the 
other products by fractional distillation in an atmosphere of carbonic anhydride: it 
passes over between 140® and 180® C. It is also produced by the action of trichloride 
of arsenic on zinc-ethyl (Hofmann and Cahours, Compt. rend. xli. 831). is a 
colourless, mobile, strongly rcftactiug liquid, having a disagreeable odour, like that of 
arsenetted hydrogen. Specific gravity 1*151 at 16*7® C. Under a pressure of 786 mp. 
it begins to boil at 140® C., but the boiling point quickly rises to 180®, a small quanti^ 
of arsenic separating at the same time. Its vapour-density is, by experiment, 5*2788; 
by calculation (2 Tol.) 5‘61 56. 

Arsentriethyl fumes and becomes heated in contact with the air, but seldom takes fire 
oniees it ia^^ted ; the products of the oxidation are arsenious anhydride, carbonic ashy* 
drids and Water. The oxidation tidces place slowly, even under water in a closed vea^ 
Strong nitric acid oxidises it rapidlytprith vivid fiombust ion and explosion, bat ni^ 
acid of speeifie gravity 1*42, dissolves it alowly/f|iving off nitric oxid^ and pepdociiig 
nitrate of aiBentrieth jl ; but no red ebmpound^ formed. This character serfff ^ . . 



aiatiAgoiBh ftMutnetliyl fiwn fiirther, disHiMtioilir 

that axsentiietlijl does not zeduco the miblt metals ftom 
Areentriethyl is a diacid radicle, 1 at of it nnitii^ witM ' 
radicle, e, g. Aji(C^*)M*t and with one at of a dia^bmio am 



by IlMf 





ght excess, and evaporatii^-^XOO^ C, 

, . ^ .the odour of which excites sneeBind, 

Seated it inhlts/and bc^'with a white flame. It is de<mp08ed by^ohlorine, 
e and by strong sulphuric acid. , 

ie of Aroentriethgl^ As(C®H^)*I* is obtained by mb^g the^iheteal solution^ 

of Its eonstituente : it is then deposited in yellow flakes whicimpidly turn brown and 
liquefy on exposure to the air. It dissolves readily in i^fater and alcohtd, sparixigly in 
eUier. ^ T 

The chloride appears to be formed in small quantity by the action dL^drocblorio 
acid on the oxide or sulphide. 


Oxide of Areentriethyl^ Aa(C®H*J*0, is produced when an ethereal solution of 
arsentriethyl is left to evaporate in the air ; but it may bo obtained in a stato of greater 
purity by exhausting the mass produced by the action of iodide of ethyl on arsenide of 
sodium, first with ether, and then with alcohol, evaporating the alcoholic solution, and 
distilling the residue. It is an oily liquid, heavier than water and not miscible with 
it, but soluble in alcohol, and precipitated fl!OTu the alcoholic solution by water. It 
dissolves in dilute nitric acid, but not in sulphuric or hydrochloric acid l^en left 
for some weeks in a loosely stoppered bottle, it is gradually converted into an inodorous 
crystalline substance [probably arsentriethylic acid]. 


Sulphide of Areentriethyl^ A8(C*H*)*S, is obtained by boiling an ethereel solution 
of arsentricthyl with flowers of sulphur. It forms beautiful prismatic crystals, which 
may bo purified by recrystallisation from boiling water or alcohol, or better by 
solution in warm ether, and gradual evaporation. It has a bitter taste, but is quite 
inodorous when pure. It melts at 100® C,, and decomposes at a higher temporatuiSp 
giving otT spontaneously inflammab!^ vapours. It is rapidly oxidised hy strong nitrio 
acid, Dilute hydrochlo^e acid decomposes it partially, giving off small quan&eB .of 
}iydrosulphw*ic acid and chloride of areentriethyl^ recognisable by its peculiarly pungent 
odour. It is not decomposed by boiling with cauetic potash. Its aqueous solutw 
precipitates nictallic eolutione like an alkaline sulphide. % 

ARsnNETnTLiuM or Tetrethtlabsonium, A8(C®H*)\ is not known in ths 
state, but is obtained as an iodide by the action of iodide of ethyl on arscntriothyl 
ai cording to Cahours and Riche, by the action of metallic arsenic on iodide ofTilthyk 
Its compounds are analogue to those of tetrethylium, and contain 1 at arsanetliyliam 
with 1 at. of a monobasic acid radicle, or 2 at, arsonethylium with 1 at. of a dibiwo 
wid radicle. The hydrate^ obtained by the action of oxide of silver on- the iodide, 
as a fixed base resembling hydrate of potassium, and dissolves readily in acids, forming 
salts which crystallise re-adily, are permanent in the air, have a hitter taste, and do 
not appear to be_ poisonous. , In' this respect they differ remarkably from com- 
pounds of arsendiethyl and arsentriethjL 

Bromide of AyZtwm, As(C*H*)*Br, is a white, deliquescent saline mass, 

which dissolves easily in water and ^cohol, and exhibits with acids and metallio 
salts, the same reactions as bromide of potassium. 

Chloride of Areenethylium forms crystals containing As(C*H*yCL4H*0, 
which dissolve readily in water and alcohol, but are insoluble in ether. The aqueous 
1 '*ui*^** i>u*u©diately precipitates chloride of silver from the nitrate and forms an in- 
soluble double salt with wcrcurie chloride. With tetrachloride ofplaiinum it forms tho 
coirmund 2Aa(C*H*)*Cl.PtCl*, which dissolves very sparingly in cold, somewhat more 
readily m boding water. ^ * o , 


of Areenethylium, As(C*H*)^I, forms large colourless ciystals, easily 
alcohol, but insolunle In ether. When heated, thw fUl to 
po^er, give off spontaneously inflammable vapours, and yield a sublimate of ataenic. 
1 hey are decomposed by nitric and by sulphuric add, A compound of iodide of arem~ 
ethyiimn and iodide of areenic is ontained by heating iodide of ethyl to lUO^ C. 
with metallic arsenic: 


4C*H«I + As* - As(0*H*)^tAsI* 

piis M^pound forms mlendid red tables, which are decomposed by disdUation, yield* 
yg iodide of amentriethyl and iodide of amgidiethyl (Cahours and Btebe, Cwpit. 
n»id. x»x 646\ It is also deposed by potash-solutmn, d iodide el 
•**«ethylmn 4 iodide of potasdiuii, and atemteof potassimn. Iodide of lometfaylim 
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heated with i<M» nf yielda the expound 2As(C»H*)*tZn*P; ^ 

iodidsofeadmiuttL 

AraenethTHiimlilMf^nM a tri^iodide, Afl(C*H*)*P, analogaai1a.^atd-iodide 
^ of tetrethyflum di8c5Ver6d by Weltzien. (Cahonrs, Compt rend, Jb Chiiu, 

pupe» ii. 265.) : 

The sulphate^ EA8(C*H»)*H]SO*, is formed by precipitating a solfR^ of tbe iodide 
witii an acii solution of sulphate of silver. Granular ci^stals^ easUy soluble in water 
and alcoholi sparingly in etheri and decomposed by heat, with evolution of acid vapoors, 
ARSBK-BBOHBTHTX-THIETHTI.IUM, Or BB01CBTnTL-TBIBTHT£AB80B||||Jt 
Aa(C®H*Br)(C!®H“)*. — The bromide of this radicle is obtained by hating a mxzt^ of 
Vtriethylarsine with a very large excess of dibromide of ethylene, in seued tubes at a 
temperature not above 50^ C., extracting the prc^uct with water, evaporatii^Biid raciys- 
tallising from boiling alcohol. It forms beautiful crystals, extremmy solubltl^fn water, 
the form of which exactly resembles that of the corresponding pho8phonittm*coinpoimd 
(see Pbosfhobtjs*badiclbs, Oboanzo). It contains the elements of 1 at. dibtoniBb 
of ethylene and 1 at. triethylarsine : 

C*H*Bra + Aa(C*H»)* » [As(C*H*Bp)(C2H*)*]Br. 

Nitrate of silver added in excess to the solution of the bromide, precipitates only half 
the bromine ; the other half is precipitated on treating the fil^te with ammonia 
(see Ahuoniuh- BASES, p. 196). The platinum-salt of this radicle forms splendid 
yellow needles, sparingly soluble even in boiling water. (A. W. Hofmann, Proc. Boy. 
Soc. xi. 62.) 

ABSENVINYL-THIETHTLIUltf, or ViN Vi:.-TBIBTHTI.ABS0K1TJM. AS(C®H*) 

(C*H*)*. — The hydrated oxide of this radicle is obtained by treating bromide of bro- 
methyl-triethylarsouiura with excess of oxide of silver : 

[A«(C=H‘Br)(C’'lP)>]Br + Ag*0 - As(C*n*)(CW)*|Q ^ jAgBr. 

A strongly alkaline solution is obtained which, when treated with hydrochloric acid 
and prccipibitod by tetrachloride of platinum, yields beautiful, rather soluble octa- 
hedrons, containing 2 [As(C*H*)(C®H®)*] Cl.PtCl *. (II o f m a n n, loc. ciL) 

Etii ylbnb- uexbth yldia uso ni u m. A8-(C-IP)''(C n*)*, — Obtained as a dibro 
mide or dichlorido, by digesting the bromide or chloride of broraethyl-trictlntlarsoniuni 
with triethylarsine at 160® C. for two hours. The dibromido [As*(C=^II^)"(d®H*)^'Br*, 

treated with oxide of silver, yields the hydrate (C'H ) (C |pt^ which is a 

poweifril alkali, and forms with acids a series of beautiful salts : 

^ plaHnum-ealt. [As(C*H*)"(C“Il*)"]''Cl*.PtCl*, is a palo yellow crystalline ^re- 
o^tat#, soluble in water and in boiling hydrochloric acid, from which it crystsll^ 
on oooZiiig. 

[A8*(C*H*)"(C*H*)*C1*.2AuCI*, crystallises from hydrochloric acid in 
gold-oomured plates. (Hofmann, 

Ethylbitb-tbibthylarsamhonittk . The of 

this radicle is obtained by heating the bromide of brometbvl-trietfaylnraonium with 
ammonia to 100® C. for two hours. Treated willi oxide of silver, it yields thir caustic 

l,ase [(C*H^)W)-H»AsNr jo, They^afrWso/. a>PtCl., 

crystallises from hydrochloric acid iu needles, sparingly soluble in boiling water. The 
gold-eaft crystallises from hydrochloric add in golden-yellow plates. (Hofmann, 
loc. ciL) 

The reactions by which the last four bases are obtained are precisely aitt^ to 
those which yield the corresponding compounds of the phosphorus series, and will be 
more fully considered in the article Phosphobus-badzcxes (Oboabzo), in which also 
iho phoaphataoniuma^ containing both phosphorus and azseni^ will be describi^ 
AuBASSBKBTHYLIUX, AB(C*H*)*Au,andPLATAB8BBBTHTLIUX,AB*{C’i^)*Et 
— The chlorides of these compounds are obtained in fine eiystals by treatii^ an 
alcoholic solution of arsentriethyl with trichloride of gold and dicUoridc of platiiiiizB 
respectively. (Hofmann, Ann. Ch. Pliarm. ciii. 357.) 

Anealdea of MetliTl. 

Cadet dimvered, in 1760, tlmt by distilling acetate of potaaaium with axsanioai 
exideb a fetid brown-red liquid is obtained, which takes fire on exposure to the ala 
But the nature of this liquid was not understood till Bunsen underto(» its examinatfen 
axkd ^owed that it contained a mctalkidal radide, AsC*H*, to whi^ he gaw ^ 
the name Ciu^dyl (from icaicef, bad) on acoonat of ite extreme^ poisoixms qitwP% 





Bnnttm isolated tUia radicle, and prepared a great number of {ta oomppund^ 

sUowiqg thafti IB its cliemieal relations, it is precisely analogm to a simple inetill.' 
This vas tlie second instance of the isolation of a oompodnd ramie, the sepiuration of 
cyanogen by Qigr-XsiSBae having been the first It has since been shown by Can ours and 
BichefCkwiipt wnd. xzxix. 84p, that cacodyl or arsendimethyl, Ab(OH*)* may 
he obtained by the action of iodide of methyl on arsenide of sodium, otaer arsenides of 
methyl, vis. As(CH*V and As(CH*)* being formed at the same time. I^tly, Baeyer, 
has obtained several oompoonds of arsenmonomethyl, AsCH*. 


Absbnmbtbtx., or Absbnicokombthtx, AbCH* - AsMe. — (Baeyer, Amu 
Ch. Pbamu eviu The dicAloride Of this radicle (which is not known in the sepag 

rate state^ is prodncM either by the decomposition of trichloride of arsendimetnyl 
(ca<^yl> heat : 

^ ' AsMeK^l* - AsMeCi* ^ Mea 

Trichloride of Dichlorlde Chloride of 
CMCodjL arsenmechyl. methyl. 


or by the action of hydrochloric acid on cacodylic acid: 

AsM 0 *O»H + 3HC1 « AsMeCl* + HeQ + 2H*0. 


Wlien a stream of dry hydrochloric acid gas is passed over cacodylic acid, basic per- 
chloride of cacodyl (p. 408) is first formed ; but by the continued action of the gas, 
this compound is also decom^sed, with separation of water, which passes over. in the 
distillate, together with the dichloride. 

Dichloride of arsenmethyl is a colourless, heavy, mobile liquii^ having a strong 
refracting power. It boils at 133^0., which is nearly the boiling point of tri* 
chlorido of arsenic. It docs not ftime in the air, and is not decomposed by water, but 
dissolves rather freely in that liquid. It forms a white precipitate with sulphuretUcl 
hydrogen. The vapour of this compound exerts a most violent action on the mucous 
membranes : on smelling it, the eyes, nose, and the whole face swell up, and a peculiar 
lancinating pain is felt, extending down to the throat. 

Tetrachloride of Arsenmethyl^ AsHeCll — When chlorine is passed over a 
mixture of dichloride of arsenmethyl and sulphide of carbon cooled to — 10® C., largo 
ciy-Ktals are obtained, which immemately decompose at temperatures near the freezing 
l»r>int of water, yielding chloride of methyl and trichloride of arsenic : hence the 
crystals consist of tetraemoride of arsenmethyl : 

AsCH»Cl* - AsCl* + CH*Cl 


Chlorohrhmide of Arsenmethyl^ AsMeOlBr, appears to be produced bv the 
spontaneous decomposition of chlor^bromide of cac^yl, bromide of metM Wag 
given off at the same time : ' ^ 

AsMeKJlBr* » AsMeClBr + MeBr ; ' 

but the liquid product of the decomposition is too unstable to admit of an examinilion 
of its properties. 

Iodide of AreenmethylfA»C3.VL\ is obtained by the action of hydriodie acid on 
the alcoholic solution of the oxide (see below). The liouid yields by spontaoeous 
evaporation, shining yellow needles of the iodide an inch long. They ate not altered 
by contact with the air, but appear to decompose slowly by keeping (Baeyer). The 
same impound is produced by the action of 2 at. iodine on iodide of cacodyl, or of 
3 at. iodine on fim cacodyl, iodide of methyl being set free at the same time. 
(Cahonrs, Compt. rend. L 1022): 

AsMe^ + I* - Mel + AsMel* 

AsMe> P « Mel + AsMeP 

It. melts at 26® and often remains liquid for a long time after cooling. It is eolonrlets 
and volatile without decomposition above 200® C. It is but slightly soluble in watei; 
bat dissolves readily iu alcohol, ether, and sulphide of carbon ; less readUy, howev^, 
m presence of free hydriodie add. Hydrochloric add converts it into duoride, and 
nydrosdphwc add into sulphide of anenmethyL (Baeyer.) Distilled with 2 at. 
iodine, it yidds iodide of methyl, and triiodide of manic; Aal*. (Oahouvs,) 

^ftde of Arsenmethyl^ As(CH*)0, is produced by the action of potash OB thi 
bichloride : 

AsMeCB 4- 2KHO » AaMeO 4 - 2Ka 4 - H«0; 
but on disUlliag the product with eseess of wotash, comidete deeomiNMntiM .talMf yhm 
BndOki^ of OMDO^jl IS obtaiasdLjBitsad of ameuinethyl (m hwowj; 

vou I, D D 
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A better result is obtained hy saturating the dicbloride with carbonate ^ 
then adding an excessL.of the latter, oxtrf^tin^ with absolute a^hol, distailluig off the 
alcohol in a stream of carbonic acid, digesting the raidne in sulphide of carbon, 
which leaves chloride of potassium and other impurities undissolyed, wd leaving the 
clear solution to evaporate. Oxide of arsenmctbyl is then obtained in large cubical 
ciystals (not regular, however), which soon become dull, and assume the aspect of 
white porcelain ; sometimes, however, crystals are obtained which retam their trans- 
parency, but they are then very imperfectly developed. The oxide is very heavy, 
permanent in the air, and has a strong odour like that of as^cetida. It aisBolves 
slowly but abundantly in cold water, readily in hot water, also in alcohol, ether, and 
sulphide of carbon. It melts at 96^ C., and remains liquid for a considerable time 
after cooling. It is decomposed by distillation, and the evolved vapours explode wheu 
mixed with air. A portion volatilises, however, with the vapour of water or alcohol 
By distillation with hydrate of potassium, it is resolved into arsenious oxide and oxide 
of cacodyl : 

4A8(CH»)0 « As'O* + A8*(OH*)*0. 

The oxide appears to possess rather basic than acid properties, as it does not unite 
with baryta, but dissolves readily in acids ; its aqueous solution is neutral to vege- 
table colours. Hydrocldoric acid added to the concentrated aqueous ^lution throws 
down the chloride of arsenraethyl in oily drops ; kydrohromie €ukd acts in like manner; 
hydriudic acid produces a yellow precipitate of the iodide ; and hydrosulphurie add a 
white prticipitatc of the sulphide. The oxide is not acted upon by hydrocyanic acid, 
but is easily raised to a higher stage of oxidation by nitric acid^ mercuric oxide, or 
ailver-oxide., Chlorine, brotnine, and iodine added to its solution in sulphido of 
carbon, form [irocipitutes which soon deconiDosc. Corrosive sublimate does not appear 
to unite with it. 

Arsenmethylio acid, As(CH*)H®0*. — The barium-aalt of this acid is obtained 
by decomposing tho dicbloride of arsenmethyl with a slight excess of silver^xide ; 
filtering from chloride of silver; treating the filtrate with excess of baryta-water ; re- 
moving that excess by carbonic acid ; evaporating the filtered liquid to dryness oyer 
tho water-bath ; dissolving tho residue in a small quantity of water ; and precipiteting 
by alcohol The same salt may be obtained by decomposing the aqueous solution of 
oxide of nrsonmethyl with mercuric oxide (for wliich purpose the ^coholio distillate 
obtained in tho preparation of tho oxide, vid, aup. may bo used), decomposing tho 
resulting mercurous sjilt with baryta, and proceeding as before. 

By carefully decomposing the barium-s^t with sulphuric acid and evaporating the 
filtrate over the water-bath, ai'scnmcthylic acid is obtained in the form of a lami- 
nated mass, resembling precipitated nitrate of urea. It is nurified by solution 
in hot alcohol, and ciystaUises, on cooling, in large spear-shaped laminm, composed of 
small needles, united in arborescent groups, permanent in tho air, and not containing 
any water of crystallisation. It is a strong acid, having a pure, sour, ogroeable, taste, 
and capable of decomposing caplwnates. It is very soluble in water, and dissolves in 
alcohol more readily than cacodylic acid. All its salts cither crystallise or fonnpre- 
cipitates. It is a dibasic acid, the formula of its normal salts being As^C^CrM*. 
The l)ariu7n~sa/t, prepared os aliovc, crystallises in colourless ncetlles, containing 10 at. 
of water, which it gives up at 100° C. The anhydrous salt separates a white powder, 
composed of rhombic crystals, when the concentrated aqueous solution is evaporated 
or mixed with alcohol. On examining with tho microscope tho precipitate produced 
by alcohol, the rhonibic crystals ore seen to change in a few minutes into the long 
needles of the hydrated salt. Tho salt is quite insoluble in alcohol, and may thus be 
easily separated from cacodylato of barium, which is soluble in that liquid. Arten^ 
methylate of silver, As(CH*)0*Ag®, is precipitated in small ciystaLs, having a strong 
nacreous lustre, on mixiiig the neutral solution of the barium-salt with nitrate of silver. 
It is anl^drous, is but liUlo altered by exposure to air and light, does not deecmposo 
at 100^ G., but explodes at higher temperatures, with rather strong detonation. 

Sulphide of Arsenmethyl, A8(CH*)S, — Obtained by passing sulphuretted hy* 
drogen into water in wliich dichloride of aiscnmethyl is immersed : 

AB(CH*)a* + H«3 - A5(CH*)S + 2HCL 

The (boride is then converted into a white moss of the sulphide, without tho 
separation of sulphur. The product is dissolved in a mixture of al^hol 
of carbon, ficom which it crystallises by rapid evaporation in shining lanifnse^ cat, ^ 
slow evaponitioii in small prisms. It is insoluble in water, moderate^ oollbln/^ 
idcohol and ether, very soluble in sulphide of carbon. In the ciy»tall]s^\elM^^' 
melts at about 100° C., but often remains fiuid for a long time after coolai^ 
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decomposed hoftt, with separation of snlphido of azsenie. It Is pemaiient In the 
air, and has a faint odour lihe that of asafeetida. The aleohoHo sohition decompoaee 
the salts of silver, copper, lead, platinum, and mercurosum, with fonnation of me* 
tallic sulphides, and produces a white cloud with mercuric chloride, 

Absbndimbthtl or G agouti. Ab(CH^*’— Kd. — (Cadet, CrdL N. Chem. Arch, 
i. 212; Bunsen, Pogg. Ann. xl. 219; xlii. 146 ; Ann. Oh. Pharm. xxxvii. 6; 19; 

Baejer, Ann. Ch. Pharm. evil 267. — 0m. ix, 316; Qer h. i. 626.)— This body, toother 
with the products of its oxidation, constitutes the spontaneously inflammable Hquid, 
known as Cadst 9 fuming liquid or aikarsin,^ To prepi^ this liquid, a mixture of equal 
parts of acetate of potassium and arsenious oxide is distilled in a retort provided with a 
receiver, from whirni a long tube passes into the chimney, to carry away the poisonous 
gases evolved during the process. The retort is placed in a sand-bath and gradually 
heated till it is red-hot at the bottom. A brown oleaginous liquid consisting of im- 
pure cacodyl is then found in the receiver, together with metallic arsenic, and a 
mixture of water, acetone, and acetic acid, which floats on the top. The reaction is 
very complicate considerable quantities of carbonic anhydride and hydride of methyl 
(marsh -gas) being given off, together with other gases in smaller quantity; Imtths 
formation of cacodyl is evidently connected with the splitting up of acetic acid at a 
r«’«l heat into carlwnic anhydride and hydride of mcUkyl (p. 12). The oily liquid, 
wlii 'h is very inflammable, is decanted by means of a syphon, the longer arm of 
uliiih dips under water. It is then washed with boiled water and distilled over 
].y. Irate of j)otasBium in a current of hydrogen. 

l‘uri‘ cacodyl is obtained by decomposing the chloride with metallic zinc, dissolving 
out the chloride of zinc by water, and dehydrating the oily liquid, which sinks to 
till* bottom, by distillation from chloride of calcium. The strong tendency of ca- 
r<.(!) l to take fire in the air and the extremely poisonous quality of its vapour, render 
it lu t’cssary to perform all the distillations in sealed vessels, fiUed with oiy carbonio 
iwUl gas. Bunsen’s method is as follows; 

1. Cldorido of cacodyl is prejsared perfectly fi*ee from oxide, by distilling alkaniin 

with strong hydrochloric acid, till the resulting chloride no longer emits the slightest 
fume on exposure to the air ; or better, by mixing the dilute alcoholic solutions of 
alkarsin and mercuric chloride, and distilling the rcsidting precipitate of cMoromtrouraU * 
^ (Kd'‘'O.2Hg"0l*) with very strong hydrochloric acid. To free th-i distillate 

obtained by either of these methods from water and hydrochloric acid, it is dijnsted 
fir several days with a mixture of chloride of calcium and quick lime, contained in tfaa 
biiib-apparatus A { fig, 74). The air is first expelled from this apparatus by a stream 
of carbonic acid gas; the lower extremity a is then dipped into the chloride of 
curoilyl Ix'lowthe liydiochloric acid; the chloride of cacodyl is drawn into tlie bulb by 
irn'iins of a hand-syringe attached by a caoutchouc tube to the upper end 6; and lastly 

1 lie apf)aratu8 is sealed at both ends and set aside for several days. 

2. The decomposition of the chloride of cacodyl is effected in a second apparatus J9, 
ri iirescnted in fig. 76. A moderately strong and rather wide gas-deliveiy tube is 
bl'iwii out to a bulb in two places a, o, aliout six inches apart ; the lower extremity is 
then drawn out and twice bent, as shown at c, d\ tlio upper bulb a is partly 
tilled through the wide open end of the tube with small cuttings of pure zinc- 
f 'il ; the upper end of the tube is then drawn out and ben^ as shown in the figure, 
and the whole apparatus is filled with perfectly dry carbonic acid gas. To intremuoo 
the purified chloride of cacodyl into the bulb a, the tube of apparatus A is cut ctf 
«t <*. just above the bulb ; the upper extremity f of tlie apparatus A is then introduced 
mfo bulb A ; and a quantity oi the liquid, sufficient to half fill it, is drawn in by 
uyjins of a hand-syringe connected with the lower end e, after which the lower end 
of the tube is scaled by the blowpipe at e, and the upper end sealed and melted off at A 
close to the bulb a. The apparatus is now invert^ and the bulb a immersed m t 
wati-r at 100° C. The reduction then takes place without evolution with gas, and 

hours, the contents of the bulb a ate convert-ed into a wliite saline mass, 

« hieh appears to be a compound of cacodyl with chloride of zinc, and melts to an 
Oily liquid at IIO*’ — 120^ C. To separate the cacodyl from the chloride of tine, tlie 


. * tkiuki wail soppAMd tnr Bumen lo be the oxfiie of eacodvl, ( AiC*ll*)*0, It doss not sjpfMsr, 
novcver. to be dtvfinlte m cooiAtutlon. Btiaten'e analytet of It eery rr<>iii 89*9 to 83*4 per cant* in the 
and from «.V4 to 66-8 In the anenlc. Dnmat < Ann. Cb. Thy», [31 ritl. 802) found 88*0 end as*9 
. . carbon, and from CS'S to €9*8 per emt. araenlc* Mow the forraala of oxide of cacodri reodlrM 
'8 carbon, and 66 4 anenlc, while tbu of cacodri ftaelf require* 88^ carbon, and 71*4 eraente. Thcee 
r^utu are quite In acaordance with the ttanoaHlon that Cadet** liquid I* e rarlable mixture of eaeodyl 
end hiMidei the MM>Rt*iieoo* InaainiiuMftr of tho liquid Uhowlio IbdlcatM the preMmee of eaea. 

of cacodyl (Bon«eo*i peraoaiBoiiile ofUe, p. mmpomi V him to be iMm*^ 
”****^ ”**^*^^ *****^*** 
mw ,.4*.) p » * 
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end e of the j^TOaratufl Is hTokcn oiF under waW which has been thomgbly 
from air boiung ; the whole apparatus is heated to expel the carbonic anhydride, and 
then left to cool, ml the bnlb b is nearly filled with water ; the end t is again sealed < 
the apparatus inclined so that the water may fiow into the bnlb a ; and this bulb is 
TOntly heated. The chloride of nine *then dissolTes, and the cacodyl atTiVs to the 
bottom as a heavy oily Hquid. 



^. 75 . 



To dehydrate the cacodyl and purify it further, it is next transferred, with the samo 
precautions as before, into another apparatus A {Jiff. 74), the bulb of which contains 
dry chloride of calcium : for this purpose, the bulb a of apparatus B is cut oft at h, and 
the apparatus A having been filled with d^ carbonic acid gas, its lower extremity a is 
iiitroauced into the bulb «, and made to dip into the cacodyl below the watery liquid ; 
the cacodyl is then drawn by suction with the smnge into the bulb of apparatus A, 
which is then sealed at both ends, and set aside for some time. The (^hydrated 
cacodyl is next transferred into a second apparatus b, filled with dry carbonic acid 
gas, and having some zinc-cuttings in the bulb a, and the two arms of the tubes are 
then sealed and melted oif just below the bulbs a, b. The bulb b is then immersed in 
cold water ; the cacodyl distillcKl into it by gently heating the bulb a with a spirit- 
lamp, and then poured back ; and the rectification is repeated in this manner two or three 
times. Lastly, the bulb b is cooled in a freezing mixture to— 6° C., and left there till 
about K of the liquid has crystallised, and the still liquid portion is poured back : that 
which then remains in the solid state is pure cacodyl. 

Cacodyl may also be prepared by heating the sulphide with mercury. 

Properties , — Cacodyl is at ordinary temperatures a transparent colourless, strongly re- 
fracting liquid, heavier than water. It boils near 170^ C. Its vapour-density (referred 
to air aa unity) is by experiment 7*101, which show's that the formula of cacodyl in 
the free state is « As^Mo^ KdKd. For the atomic weight represented! 

by this formula is 210 (:=2. 76 + 4. 12 12 . 1), and if this represents 2 vols. of 

vapour, the weight of one vol. of vapour, that is to say, the specific gravity referred to 
hydrogen as unity, is 105 ; and multiplying this by 0*0693, the specific gravity of 
hydro^n referred to air, we obtain for the specific gravity of cacodyl-vapour referred 
to air as unity, the number 7*2755, which is very near the numb^ determined by 
experiment. Cacodyl has a disgusting odotv, somewhat like that of arsenetted hydro- 
gen, and its vapour is very poisonous. It solidifies at 6^ C. in square-based piisi&i. It 
IS sparingly soluble in water, v^ soluble in alcohol and in ether. When neated in a 
dose vessel to alymt 400^ C. it is resolved, without deposition of carbon, into metollis 
afsenic, and a mixture of 2 voL marsh gas and 1 vol. olefiant gas : 

Aa»C^H» « 2CH* + + As*. 

Cacodyl takes fire in the air, at ordinary temperatures, even more readily than ends 
yielding carbonic anhydride, water, and arsenious ixxide^ but if the qnanti^ 
of air present is not suf6cient for complete combustion, a rod oomponnd, Buns^e 
is Ibsrmed at the same time. 31iis red substance is also produced 
eae^yl is fMuned through red-hot tubes; also by the action of protoehlorida oC;^ 
or phoe]^roQS acid on eaoodyl. It appears to contain C*H**AsW. Cacodyl ujipViisi 
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the mdual action of oxw^en^ aa when air is passed into it in anoeeesive bubbles, ia 
convert firKt into oxide or caoodjl, and afterwards into cacodylic acid. It takes fire 
in ek/orifU! ms^ and is converted by chlorine-water into chloride of cacodyl. It dis- 
hdJvcs s«/p%ur^ forming a protosulphido or trisulphide of cacodyl, according to the 
fitnmtily. sulphuric acid dissolves it witliout blackening : tlio solution ^ives 

off, even in the cold, a considerable quantity of sulphurous acid, and yields by distil- 
I if'ion a product having an agreeable etlicreal odour. It dissolves in ntiric acid^ 
:mt\ the solution yields with nitrate eilwr a crystalline precipitate -of nitrate of 
Filrer and cacodyl. 

/Jr amide of Caecdyl^ Ae(CH*)*Br « KdBr, is obtained by distilling the chloro- 
inoTvurate, A8*C^H‘^.2HgCl*, with concentrated hydroLromic acid, and is purified 
lik.* the chloride. It is a yellow liquid, which does not ftime in the air, and closely 
rcFcnibles the chloride. When heated over nierciiry to a teraperature between 200® 
uiiil 300® C. it is decomposed, yielding firee cacodyl and mercurous bromide. Heated 
with water it forms an oxyhramide, 

CKloridv of Cacodyl^ As(CIl*)’Cl * KdCl. — Prepared by distilling the chloro- 
iiicivurato with very strong hydrochloric acid, and purified from water and adhering 
hyilrochloric acid by placing it in contact witl^ chloride of calcium and quick lime, and 
<li.s(iUing it in the hermetically sealed apparatus {fig, 74) filled with dry car- 
U>nie anhydride. It is also produced by the action of chlorine-water on oacodyL It 
is a veiy me1>ilc liquid, licancr than water, which does not solidify even at— 4d® C. 

It a little al^ve 100® C., forming a colourless vapour of specific gravity 4*d6 
(tiy onioulation 4'8d). It does not fume in tlie air, but emits a vciy pungent intoxi- 
1 ‘ating odour. The vapour mixed with air produces, when inhalea in rather hirge 
i|u:iittity, swelling of the mucoiiS' membrane of the nose and extravasation of blood 
ill the «*yos. The vapour evolved from the boiling liquid takes flro spoutiftieotisty 
ill tlit» uir, and explodes violently when heated with oxygen gas. 

( 'hloride of cacodyl is insoluble iu waitr and r/Arr, but soluble in all proportions in 
ah'ohuf, Sulphuric and pht^ephuric acids decompose it, eliminating hydrocjdoric acid. 
.Strong vUrie acid seta it on fire. It burns in chlorine gas, with copious deposition of 
t harooal. ZinCy tiny and iron decompose it, setting the cacodyl free. With alcoholic 

tnjih it yields chloride of potassium, and an ethereal liquid having a disagreeable 
oiJotir, and miscible in all proportions with water and alcohol. Mixed with solution of as 
vdraJf of silvtTy it gives up the whole of its chlorine, forming a precipitqte of chloride 
of silver. 

A Huhchloride or oxychloride of cacodyly KdCl.jrKd*0, is obtained by the action of 
wntcron the chloride, also by distilling alkarsin with dilute hydrochloric acid, rectify- 
ills the product over a mixture of chalk and water, and redistilling in an atmosphere 
of carbonic anhydride. It is a liquid which resembles the chloride, lias a very offensive 
odour, and boils at 109® C,, giving off a vapour of specific gravity 5 ’46. 

C^rocuprUe of Cacodyl, SCdCl.Cu*Cl*, is olitained as a bulky white precipitate, o& 
niixing an alcoholic solution of chloride of cacodyl with a«s<jlution of cuprous chloride 
ill hydrochloric acid. In contact with the air, it turns green, and gives off very fetid 
arsenical vapours. It is decomposed by heat into its component chlorides. 

Chloroplatinate of Cacodyl, — An alcoholic solution of chloride of cacodyl mixed with 
ttitrachloride of platinum, yields a red-brown precipitate, probably oonsisting of 
2AsC*H»Cl.PtCl* ; but on boiling this product with water, a yellow •olutioii is 
obtained, which on cooling deposits crystals of a new compound, vis. : 

Chloride of Cacoptatyly AB*C*H*Ptf’Cl*.2H*0, that is to say, the chloride of a radicle, 
cacoplatyl, formed mm cacodyl by substitution of 1 atom of quadrivalent platinum 
for 4 at. hydrogen. The anhydrous compound might be formed from 1 moleoula 
of chloroplatinate of oacodyl by abetroction of 4HCL This salt forms needle-shaped , 
crystals, which are iaodorons, have a nanseoos taste, and are soluble in hot water and 
alccdud. Ammonia diesolree it in all proportions, and the solution when evaporated 
yields indistinct c^stals insoluble in alcohol. Chloride of cacoplatyl snstains a tern- • 
perature of 164® C. witbofnt decomposing, merely giving off 4 per cent, of water, 
which it takes up again when boiled with water. At higher temperatores, it tarns 
lirown, and then bums away, giving off arsenical vapours and leaving arasnida of* 
platinum. Chloride of cacoj^tyl is not attacked by hydiochlorio acid; snlphnrla 
»«id colours it yellow. With iodide and bromide of potasnum, it forms yellow 
precipitates of iodids and hremde cacoplatyl, prsdsely similar in eomp^tion to < 
the chloride. With nitrate of silver, it forms a precipitate of ehiortde of silver, the 
liquid remamtng nentraL Bmled with sulphate of suver, it also forms chlotsds; of 
Silver, and the filtered solntion evaporated In vaeno yields white cfystnlline gialas of 
•^Phate if cacoplatyl, {AMO^n^Wy. 80*. (Gerh. L 642.) 

nna 
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TriuhloriAe of Cacodyl^ As(CH*)*Cl*.— Produced : 1. By the action of pezvAiiotide of 
phosphoroB on cacody lie acid : 

KdO®H + 2Pa» - Kda* + 2 PC 1»0 + Hca. 

The chloride of phosphorus must be immersed in anhydroxu ether, the caoodylio arid 
in powder added by small portions at a time^ and the action moderated by external 
eo<mng. — 2. By the action of chlorine on the monocliloride. The hitter compound, 
when bro^ht directly in contact with chlorine gas, takes fire and undergoes complete 
decomposition ; but if chlorine be led on to the surface of a solution of the mono- 
ehloride in sulphide of carbon externally coole^ the trichloride io formed in crystalline 
laiuinsB, which may be purified by 'washing with sulphide of ^rbon. 

The trichloride, prepared by the first method, forms beautiful large prismatic ciys* 
tals, which, however, are veiy unstable, being instantly decompose^ at temperatures 
between 40^ and 60^ C., into chloride of methyl and dichlorido of arsen>mouomethyl : 

As(CH»)* Cl» - As(CH»)Cl» + CII*C1. 

The decomposition takes place spontaneously in the course of a day at ordinaiy tera- 
peratures, even when the compound is enclosed in scaled tubes. The ciystals obtained 
by the second method are much more stable. 

Trichloride of cacodyl dissolves without decomposition in anhydrous ether, and sepa- 
rates by quick cooling of a warm saturated solution, in laminse, by slow cooling, or 
spontaneous evaporation, in transparent colourless prisms, which, however, become dull 
even in a vacuum. It dissolves less freely in sulphide of carbon, from which it sepa- 
rates in large laminae. Anhydrous alcohol decomposes it, forming a syrup, which, by 
slow evaporation, yields crystals of basic perchloride of cacodyl, or hydrochlorate of 
cacodylic acid i 

A8(CH»)*C1» + 2(C*H*.H.O) = ^(CH«)»0»H«Ca + 2C^H"C1 . 

Basic perchloride of Chloride 

cacodyl. of ethyl. 

The alcoholic solution, left to evaporate, gives off a substance, probably dicMoride of 
arsen’-monomethyl (p. 401J, which acts intensely on the mucous membranes. The W- 
chloride fiimes in moist air, giving off hydrochloric acid, and forming basic perchloride 
of cacodyl. The same decomposition takes place in the ethereal solution when ex- 
posed to the air, the basic perchloride separating in long needles, the formation of 
which may he accelerated by the mlditiou of water or alcohol. The trichloride dis- 
solves in waWr, with considerable rise of temperature, forming a solution of cacodylic 
acid and hydrochloric acid : 

A8(CH*)*C1» + 2H'-0 « A5(CH*)*0*H + 3HC1. 

The decomposition is exactly similar to the preceding, the basic perchloride contoiniDg 
indeed the elements of cacodylic and hydroi^oric acid : 

As(CH>)20*II*Cl As(CH*)»0»H + HCl. 

The ethereal solution of the trichloride does not attack mercuric oxide ; but on adding 
alcohol, a brisk action takes place, and an oil separates which contains chlorine and 
mercury, is soluble in alcohol, and precipitated by ether. On farther addition of 
mercurLo oxide, the whole solidifies to a mass of corrosive sublimate, and the compotmd 
of tliat substance w'ith cacodylic acid (p. 408). Oxide of silver is also without action 
on the ethereal solution. (Baoyer.) 

JHhromochloridc of Cacodyl, A8(CH*)*ClBi*. — Bromine acts upon monochloride of 
cacodyl in the same manner as chlorine. On adding bromine to a mixture of the 
monochloride and sulphide of carbon, the dibromochloride is precipitated in the fom 
of a yellow ciystallino body, which is even more unstable than the trichloride, being 
qnicikiY resolv^ into gaseous bromide of methyl, and a liquid which appears to be 
worobromlde of arsen-monomethyl, As(CH*)*.CiBr, but is very unstable. (Baeywr). 

Cyanide of Cacodyl, As(CH”)*.CNB*KdCy, is obtained by distUling alkanin 
(Chet's liquor) with strong hydrocyanic add, or better with a concentrated sola- 
*tion ef cyanide of mercury; metallic mercury then separates, and cyanide of cacodyl 
oolleots under the water in the receiver, in the form of a yellowiw oil, which 
gdidifl** in fine prismatic crystals. The liquid is decanted, and the crystals are dried 
by preBBUze betwMn bibulous paw. The ciystals are oblique prisms, truncated on the 
acuta edges, and terminated by Medial summits. Itmeltsat33*^0.,formiimacoiottr* 
less ethereal, stroi^y refracting liquid, which solidifies again on coolinp;. It boils 
140^ 0., yielding a vapour of specific mravity 4*63. It dissolves sparingly in water, mndi 
more readily in alcohol and ether. It is intensely poisonous, more so thw any 
cacoc^l-oompound. A few grains of it diffused in vapour through the air of a zoMt 
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are to excite giddinees, delirium, numbness of the hands and feet, and eren 

loss of oonseiousneas ; these attacks, however, are of short duration, provided the 
I Jrton affected make his escape in time. Cyanide of cacodyl is not docomposed by 
dilute alkiilis, but eoncentratid adds decompose it, with evolution of hydrocyanic 
acid. With sUvcr-^olutioM it forms a precipitate of cyanide of silver. It reduces 
vu rcurotM nitrate, but does not act on mercuric nitrat^ With mercurio chloride^ it 
forms a white precipitate of chloromcrcurate of cacodyl. 

Fluoride of Cacodyl, As(CBP)*F « KdF. — Produced by distilling the chloro^ 
nie^rcurate with hydrofluoric acid. It is a colourless liquid, which bus an offensive 
(klour, and attacks glass. 

Iodide of Cacodyl^ A8(CH*)*I *« Kdl. — ^When alkarsin is distilled with concen- 
trated hydriodic acid, an oily liquid passes over, which on cooling deposits transparent 
rlionibo'idal tables, consistii^ of o:^iodide of eaoodyL To complete the separation, the 
liquid is immersed in a freezing mixture, then decanted from the ci^stals, and afterwards 
dried and rectified in the manner described for the chloride, the distillation being, how- 
ever, discontinued when two-thirds of the liquid have passed over. Iodide of caco^l thus 
prei^ared is a yellowish, slightly syrupy liquid, having a strong repulsive odour. It is 
heavier tlian melted chloride of calcium. It remains liquid at— 10^ C., and boils at a 
toinperature above 100° C. ; nevertheless it distils with the vapour of water. It does 
iif>t fume when exposed to the air, but. gradually oxidises and deposits fine prismatic 
crystals of cacodylic acid. It is soluble in alcohol and ether, but insoluble in water. 
Sttric and stdphuric acids decompose it, setting iodine free. When heated in tlie air 
it burns with a dazzling flame, giving off vajiours of iodine. 

Oxide of Cacodyl,^ As^C‘'H**0 Kd*0. (Punsen^s Paracacodylic Oxide, see p. 

40:i.)-~Thi8 compound is formed by the slow oxidation of cacodyl ; also by the action of 
riHliiciiig agents, such as hydriodic, hydrobromic, sulphydric, or phosphorous acid, 

1 votocldorido of tin, &c., on cacodylic acid. When air is made to bubble slowly through 
alkarsin, that liquid is gradually converted into a syrup filled with crystals of caco- 
dylic acitl ; and on dissohdiig in water the mass thus obtained, and distilling, water 
having tho odour of cacodyl passes over at' first, and afterwards between 120° and 
130° C., an oily liquid, which when dried oven* caustic baryta, and rectified out of con- 
tact of dir, yields pure oxide of cacodyl, in the form of a limpid oil, having a pungent 
oihnir, s^uiringly soluble in water, and boiling at 120° O. Wlien ex]iosed to tho air, it 
oxidis('s Tory slowly, ^thout fuming or rise of tempemturo, and is convcrtetl into 
cac'fulylic acid. Air mixed with its vapour between 60° and 70° C. detonates violently 
on Ihe approach of a burning body. Oxide of cacodyl dissolves in hydrochloric, hy- 
drin lie, and hydrobromic acids, forming tho chloride, bromide, and iodide of cacodyl. 

<).vjde of cacodyl forms with mercuric chloride, a white precipitate, which is a com- 
pound of tho two substjincos Kd'0,2Il|;X'l*. This compound, called chlororaorcurate 
ol cacodyl, is also produced by mixing a dilute alcoholic solution of alkarsin with 
n ililuto solution of mercuric chloride, tho latter not being in excess. After several 
crystallmtions from boiluig water, it forms silky tufts, and by slow cooling of the 
^^dution, may be obtained in small rhombic tables; 100 pts. of boiling water dissolve 
M 47 pts. of the compound: it is also soluble in alcohol, especially at the boiling heat. 

It is inodorous, but has a disagreeable metallic taste, and is very poisonous. When 
hcatisl in contact with the air, it decomposes without leaving any residue. With 
Jiydrochloric, hydriodic, and hydrobromic acids, it forms chloride, loalde, and bromi^ 
of cacodyl. 

Oxide of cacodyl forms with mercuric bromide, a compound similar in composition 
and properties to that just described, viz, the bromomercurate of oacodyl, 
Kd*0.2Hg^r*. With nitrate of silver, it forms the compound 3Kd*0.2NO*Aff, which 
separates in the form of a heavy, white, crystalline powder, on pouring a sofution esf 
nitrate of silver into a cold solution of alkarsin in dilute nitric acid. This compotind ' 
Bustifins a temperature of 90° C. without decomposing, but explodes at 100° C., giving 
off fetid arsenical products. With tetrachloride ofylalmtsm, oxide of caixidyl fbrms a 
red-l>rown precipitate, and with evanide of mercury a brown pulverulent precipitate^ 
resembling paracy&nogen and smelling like dried nightshade berries. 

Dioxide r>f Cacodyl, AaC*H*0 ■» KdO, or Cacodylate of Cacodyl, ^ | O*— This 

is the thick lyrupy liquid which is produced the slow oxidation of ca^yl or alkar- 
fciu, and gradoally becomes filled with c^stals of cacodylic acid. It is decomposed by 
^4ter, and the liquid then yields a disfalWe of oxide of cacodyl, and leaves a re^ne 
ef cacodylic acid: 

4KdO + HK) - Kd*0 ^ 2KdOai. 

Carody/ie Acid, AsC^H’O* ■■ KdO^H, or KdWHH),— This oom|Kwntd may be 

n D 4 
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pieparod by passing oxv^engas for serenil days throngh alkarsin ; the gmter part of Uie 
liquid is then converted intociystals of cacodylic acid, which may be purified by pressure 
between paper and recrystalUsation. This mode of preparation, however, is msagree. 
able and dangerous, on account of the inflammability and poisonous character of the 
cacodyl. A safer and more expeditious method is to oxidise alkarsin with mercuric 
oxide. The two substances are placed together under water, in a vessel externally 
cooled ; metcuiy is thereby reduced, and cacodylate of mercury formed : 

2Kd + 4Hg"0 « 3Hg + HgTCKdO*)*.' 

More alkarsin is then added, drop by drop, till mercury no longer separates on heating 
the mixture, and a faint odour of cacodyl becomes perceptible ; after which the liquid 
is evaporated, the residue dissolved in alcohol, and the cacodylic acid which crystalfij^ 
from the solution is purifled by reciystuUisation from alcohol. It is then obtained in 
large oblique rhomboidal prisms, transparent and colourless. It is inodorous and not 
at aU poisonous, although it contains d4‘3d per cent, of ar^nic. It dissolves in water 
in all proportions, somewhat less finely in alcohol, and is insoluble in ether. It is 
permanent in diy air, but damp air decomposes it. It is altogether a vciy stable 
compound, sustaining a heat of 200^ G. without decomposition ; at higher tempera- 
tures however, it decomposes, yielding arsenious oxide and other arsenical products 
having a very fetid odour. It is not attacked by faming nitric acid, or by a mixture 
of sulphuric acid and chromate of potassium, even at the boiling heat. It is not deoxi- 
dised by sulphurous acid, oxalic acid, ferrous sulphate, or hydrogen gas ; but when 
heated with phosphorous acid^ it gives off vapours of cacodyL It is also reduced when its 
aqueous solution is boiled with zinc. An acid solution of protocMoride of tin converts it 
into chloride of cacodyl. Dry hydnodic acid gas, passed over dry cacodylic acid, forms 
iodide of cacodyl, water, and free iodine : 

KdO^H + 3HI « Kdl + 2H^O + 21. 

Dry hydrohromic acid cas acts in a similar manner. With dry hydrochloric acid^ on 
the contrary, or with tno concentrated aqueons acid, cacodylic acid unites directly, 
forming the coini)Ound KdO*H.ClH. But by exposing cacodylic acid for some time to 
a stream of hydrochloric acid gas, dichloridc of arsmmoTwmitkyl is obtained, together 
with water oud chloride of methyl. (Baeyer) : 

As(CH*)*0-'H + 3HC1 = AsCH*Cl» + 2H*0 + CH«CL 

Sulphydric acid, either dry or in arjueous solution, decomposes cacodylic acid, with 
rise of temperature, forming disulphide of cacodyl, water, and sulphur: 

2KdO*II + 3H*S «. 2KdS + 411*0 + S; 

but if the cacodylic acid is dissolved in weak alcohol, a considerable quantity of proto- 
sulphide is formed as well as disulphide : 

2KdO*H + 3H*S - Kd»S + 4H*0 + 2a 

Cacodylates, — Cacodylic acid dissolves metallic oxides, and decomposes carbonates 
with effervescence. Most of its salts are gummy, but few being capable of crystal- 
lising. The general formula of the normS cacodylates is AsC*H«MO* *= KdO*M. 
They require a higher temperature to decompose them than the acid, and give off 
sf inking products, leaving a residua of carbonate or arsenate. They dissolve in water 
and in alcohol. Sulpbydric acid converts them into the corresponding stdpJkh-cacod^^ 
lates KdS*M. With silver, cacodylic acid forms a normal salt, £dO*.^, and an acul 
salt, KdO*Ag.2KdO*H, both of wliich crystallise in needles. 

Cacodylic acid also combines with certain acids, 

Ifydrochhrate qf cacodylic acid, KdO*H.ClH, called by Bunsen, basic penhhride of 
oacodyl, h obtain^ by dissolving cacodylic acid in concentrated hydrochloric acid, imd 
ovaporating in vacuo. It then i^lidifies in a mass of beautiful lamellated crystal^ in- 
odorous, but having a strong acid taste (Bunsen). It is also produced by the action 
of water or alcoh<fi on triemoride of cacodyl (Baeyer, p. 406). The eompouiM is 
decompos^ by water into hydrochloric and cacodylie acids, and when heated to 
uoo^ C. ^ves off monocblorinated hydride of methj^ water, hydrochloric acid, and 
an oily liquid, leaving a residue of arsenioiiB acid. 

On mixing the alcoholic solutions of cacodylic acid and mercuric chloride^ a oaeo^ 
dolats of mcreurie chloride, Kd*0*.2H^l, is precipitated in white shining seoles^ 
which raange after a while to slender needles. 

add forms with cacodylic acid a similar compound, KdO^FH, uddA 
cfystaUiiMS In fine prisms. Hydrohromic acid also nnites directly with eaeodyHe add, 
but the eompound is a iyrupy Hquid which does not ciystallise. 

Sdenido of Caoody^ is obtained by distilling chloride of cacodyl two or tbJM 
times with iqncous selenide of sodium. It passes over with the vapour of water, in 
the form of a hea \7 yellow oil, having an extremely offensive odour. It is insolnMe 
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in butadlublo in alcoliol Mid ether. It has aTCiy high boiling point. It Ibmis 
black precipitates with Uad and eUaer salts, and with mBtemw ehioritU, it yields first 
a black precipitate of solplucle of mercniy, and afterwards, on further addition of tiio 
niercury*Balt, a copious precipitate of chloromercurate of cacodyL 

Sulphide of Caco<fy/,A8*C*H*S « Kd^, may be prepared by adding a solution of 
pulphide of barium to the crude liquid obtained by distillii^ acetate of potassium with 
aroenious oxide, or by distilling sulphydrate of barium with chloride of cacodyl. It is 
purified by means of carbonate of lead and chloride of calcium. It is a transparent, 
wlourless, extremely fetid liquid, whicli retains its fluidity at 40® C., and boils at a tem- 
perature considerably above 100®, yielding a vapour of specifle gravity 7*72. It is nearly 
instjluble in water, but mixes in all projKjrtions with ^cohol and ether. It does not 
funic ill the air, but rapidly absorbs oxygen, being converted mto dioxide and disul- 
l>lude of cacodyl : 

^ Kd’S + O « KdO + KdS, 

Hydrochloric acid converts it into chloride of cacodyl, with evolution of sulphydrio 
acid. 

Disuiphide of Cacodyl^ KdS, or Sutphocacodylate of cacodyl^ — Obtained by 

the action of sulphur on cacodyl, or on the monosulphide, or by treating eacodylic acid 
with sulpiniretti^ hydrogen in a vessel externally cooled. Disulphide of eaeodyl then 
Ffparati's, mixed with excess of sulphur, from w'hich it may be separated by solution 
ill Wiling alcohol. The solution, if slowly coolei^ deposits the aisulphide iu, large 
rhombic tables, but if quickly cooled, in small prisms, soft and greasy to the touen. 
The comixiund has a pungent odour, like that of nsafoetido, is permanent in the air, 
mid melts at 60® C., forming a colourless liquid, which solidifies in a ciystiillino miuM on 
(•Moling. It is insoluble in water, but dissolves readily in alcoliol, very sparingly in 
4*t h(T. It dissolves in hydrocliloric acid without alteration ; in strong sulphuric acid, 
with evolution of sulphurous acid and separation of sulphur. Nitric acid and peroxide 
(•f lead convert it into eacodylic acid. Mercury decomposes it, forming protosulphide 
of cacodyl, and sulphide of mercury. 

Svlphocacodylic acid^ AsCHI’S** KdS®H. — This acid has not been obtained in 
the free state, but ite salts, K^*M, are obtained by precipitating the alcoholic solution 
of the disulphide with alcoholic solutions of certain metallic salts, or by decomposing 
the racodylates with sulphyctric acid The kod-eoit, Kd'S^Pb", forms small white 
jH-arly wales, which are inodorous, permanent in the air, not aflbeted by sulphydrio 
itcid, inHolulde in water, nearly insoluble in alcohol. The cuprous salt, Kd*8*(Ctt*)'', 
((Vu = Chi*], IB obtained by adding an alcoholic solution of cupric nitrate to a largo 
(•xi*<>ss of alc.oho1ic disulphide of cacodyl, eacodylic acid and nitrate of eaeodyl Wing 
fMmied lit the same time ; 

2KiPS» + 2(NO»)«Cu" + 2H*0 - Kd*S*(Cu*f + KdO*H + NO*Kd + 3NO»H. 

1^ H a soft, loose, egg-yellow powder, which is decomposed by heat, and is insoluble 
»»i Water, aqueous acids, alcohol, and ^ther. The antimony-^saltf Kd*S*Sb (Sb being eqoi- 
'idciit to H»), cryst^isos in short light yellow nce(iles, difficult to purify. The 
niihiuth^sali^ Kd^*Bi, forms delicate, golden-yellow, inodorous scales, wnich are por- 
jiium iit in the air, sustain a heat of 100®C. without decomposition, and are not affected 
•y Hilphy^pjj; They are insoluble in water, and nearly insoluble in alcohol 

y I I ?* gold-salit KdS^Au, is obtained by mixing the alcoholic solutions of 
♦sulphide of cacodyl and trichloride of gol<b eacodylic acid being formed at the same 
ujKT, an a soft, yellowish white, tasteless, inodorous powder, which is set on Are by 
strong nitric acid, with separation of sulphur and gold. It is decomposed by canstm 
^ sulphydric acid. Insoluble in water, hydrochloric acid, alcohol and 

As(CH*)*and AnasHMSTHTLiuK As(CH*)*. (Oahours and 
«jche, Compt. rend, xxxix. 341.) — ^When iodide of methyl is dropped by small portion# 

a small fiimk filled with carbonic anhydride and containing pulTensed arsenide of 
**^*u?* ^ considerable degree of heat is developed ; and if the editions of iodide of 
J«othyl be rro^ted till no further rise of temperature is produced, and the mixture be 
^ ^ current of carbonic anhydride, four products are obtained, vie. unal* 
iodide of methyl, a white ciystalline body, and a heavy liquid composed of two dis* 
met compoiinda, one of which boils at 120® C., the other Mtween 165 and 170^. Th# 
ormer is armtrunethyl ; the latter anendimetbyl or cacodyL The quantity of these 
is biA smaU, even when the matter iterated upon amounts to 100 

^^^^rimeikyi is obtained pure by the decompo ri tfott of iodide of aiiN»* 
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mcthyliam, bj treating the componnd of iodide of arsezunethyliom aad iodide of 
arsenic (eitf. with bomng potaah-lej, evaporating to dij^ess, and disHUing in 
an atmosphere of carbonic si^ydride. It is a colourless mobile liqui^ boiling below 
lOOO C. It is diatomic. The oxid$^ AsMeH)» is crvetallisablo but deliquescent. The 
sit!.phidef AsMe*S crystallises from aqueous or alcoholic solution by slow evaporation 
in colourless prisms. It unites aJrea^ with iodine nnd bromine, forming the com- 
pounds AsMe*I» and AsMe*Br*. (Cahours, Compt. rend, xlia 87 ; Jabresber. 
d, Chem. 18d9, 431.) 

Iodide of Areenmethylium. — This is the crystallised body just mentioned, 
wliich is in fact the chief product of the reaction. It may also I o obtained by the 
action of iodide of methyl umn cacodyL On mixing these two liquids in a tube, a 
violent action takes place, and a yellowish white mass of crystals of iodide of arsen- 
inethylium is obtain^ impregnated with an oily matter of the same colour, consistmg 
of iodide of cacodyl : 

2CIPI + 2A8(CH»)* « A8(C»H*)*I + AsC^mi. 

The crystals, freed from the oil by draining and pressure between bibulous pap#»r, and 
then dissolved in iodide of methyl mixed with alcohol, separate from the solntion in 
the form of beautiful colourless tables having a high lustre. 

Iodide of arsenmethylium boiled with recently precipitated oxide of silver, yields a 
strongly aUcalino liquid, which, when evaporated in vacuo, yields veiy deliquescent 
crystallino laminae consisting of the hydrated oxide of arsenmethylium ; and its solution 
mixed with sulphate or nitrate of silver, yields iodide of silver, and su^yhate of arsen- 
methylium, SO^(AsMe^)'*, or the nitrate, 150*AsMo‘*. These salts are very soluble, highly 
deliquescent, and separate from their solutions by evaporation in vacuo, in the form of 
beautiful crystals. 

Iodide of Arsenmethylium with Tri^iodide of Arsenic As(CH*)^I.AsI\ — 
When iodide of methyl is heated to 200® C., in contact with metallic arsenic, the latter 
disappears, and a large quantity of orange-red tabular crystals are obtained, moistened 
with a brownish liquid. 

The crystals are decomposed by distillation, yielding an oil which has a penetruting 
• odour and excites tears. This oil is a mixture of several substances, the least volatile 
of which boils at 170® 0., has the composition of iodide of cacodyl, and yields cacodyl 
when distilled with amalgam of zinc ; the more volatile portion deposits long white 
very beautiful needles, isomeric witli iodide of cacodyl. 

Iodide of Arsenmethyliu m and Zinc, 2A8(CH*)^I.Zn'T*, is obtained in colour- 
less ciystcals by heating iodide of methyl with arsenide of zinc. It is decomposed 
by boiling with potash-ley, a heavy oil separating, which solidifie.B on cooling, and if 
this mass bo exposed to the air till the free pot'ish is converted into carbonate, then 
exhaustod with absolute alcohol, and the alcohol left to evaporate, iodide of arsen- 
iiietliylium crystallises out in prisms, (Cahours, Compt. rend, xlix. 87.) 

Iodide of A r sc n met hyl inin and Cadmium, 2As(CII*)^I.Cd"I-, is obtained in 
like manner and exhibits similar properties. (Cahours.) 

Truiodide of Arsenmethylium, As(CH*)T*. — Analogous to tri-iodide of tetr- 
ethyliam. (Cahours.) 

Bromide of Arsenmethylium. — Bromide of methyl acts energetically on 
cacodyl, yielding bromide of arsenmethylium in beautiful, very deliquescent ciystaU, 
and liquid bromide of cacodyl. (Cahours and Riche.) 

ARSBNDtMnTHYi.-DinTHTLiuM. As(CH*)*(C*H*)* :* AsMe*E*. — (Cahours and 
Hiche, OompL rend xxxix. d44.) 

This radicle, like the preceding, has not been obtained in the free state, but the 
sulphide, iodide, bromide, and chloride are formed, together with the correspondiiig 
tsompounds of cacodyl, by the action of sulphide, iodide, &c., of ethyl on cacodyl.* 

Iodide. As(CH*)*(C*H*)*I. — When iodide of ethyl is mixed with cacodyl, Iho 
apparent change takes place at first ; but the mixture, when left to itself, gradual^ 
deposits magnificent crystals of iodide of aisendimethyldiethylium, and iikew^ yields 
an oil consisting of iodide of cacodyl : 

2EI + 2AsMe* « AsMe»E*I + AsMe*L 

Bromide emSi ChloTide of ethyl act in a similar manner, but more slowly. To obtsin 
chloride tf ormmMtkyl-’eihyliumi the mixture must be heated in sealed tubes to 189^ 
or 200® O. ; it then deposits an oil containing needle-shaped crystals cf the chlondeii^ 
On distilling the oil and leaving the distillate to cool, these crystals separate ^ la^ 
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nuAntity. Chloride of areendimethvldieriiylium forme <ayBto]]iiie oompounde nith 
Aloride of mensmy, trichloride of gold* and dichloride of platinum. 

Tho HydraU is formed by treating a solution of the iodide with oxide of eilver; a 
fitrongly liquid is then obtained, which, when evaporated, deposits the oxide 

iu very deliquescent mystalline scales. 

Sviphide , — Sulphide of ethyl acts very riowly on cacodyl, and only when heated, 
forming ciystaJline sulphide of arsendimethyldiethylium and a yellowish oil, consisting 
of siilphi<le of cacodyl. 

The Sulphate and Nitrate are obtained in the form of very deliquescent 
crystals, hy treating the solution of the iodide with sulphate or nitrate of silver. 

AnsKSTRlMETUVn-ETHYLlUM, AsMe^, and AUSSNMfiTHTL-TlllBTHTLlVlS; 

— The iodides of these radicles ar«% obtained by treating arscntrimotliyl with 
i-klido of ethyl, and arsentriethyl with iodide of methyl respectively. Both are 
isoinorplious with the iodides of arsentetramethylium and arsentetrethylium. 

AnsKNniMBTHTL-DiAMYLitJM, A^(C*n*)*(C*H")* «a AsMo*Am*. — The iodide of 
tins radicle is produced, together with iodido of cacodyl, by heating cacodyl with iodide 
tif amyl to 180^ C. for two or tliree days. It ciystaUises either in nacreous needles, or 
in thin plates. Treated with oxide, nitrate, and sulpliato of silver, it yields tlie oxide, 
Mtirati\ and exdphate of arsendimethyldtamylium. (Oahou ra and Kiche.) 


The arsenides of methyl and their comiiounds are relatiHi to one another by the fol- 
lowing law. If we arrange them in two groups, the one formed on the type of chloride 
of ammonium, NH^Cl, the other on that of ammonia, Nil®, as in the foUowing tables, 
we find that each member of the second oolunni nmy bo derived from the one next 
nl>ovi* it iu the first, by abstraction of cldoride of metliyl ; and each member iu the first 
nilnmn cxc(>pt the highest, may be formed fh>m the one next above it in the second, 
\y addition of 2 atoms of chlorine, the series extending from chloride of arsentetrame- 
thy hum to trichloride of arsenic; 


Type NH'CL 
As Mo Me Mo Mo Cl 
As Me Mo Me Cl Cl 
As Mo Me Cl Cl Cl 
As Mo Cl Cl Cl Cl 


3^0 NH*. 
As Me Me Me 
As Me Me Cl 
As Mo Cl Cl 
As Cl Cl Cl 


All tlifl reactions indicated in this table have been actually observed, excepting the 
I't .sulutiiMi of AsMo^Cl into AsMe“ and MeCl, and that of AsMe®01* into AsIlle’Cl and 
Imt a decomposition analogous to the former of these, appears to take place in 
t 1 m* j»ri-paration of the iodides of the arseninethyls and arson ethyls, the iodide of arsen- 
mf tliyliuin or arsenethylium being formed at first, and then resolved by distillaticm 
iodide of methyl or ethyl, and arsentriraethyl or arscntrietliyl, just as io<lide of 
ti lrethylium, N(C^1I*)% is resolved under similar circumstances into iodide of etliyl 
ami triethylamino. 

d’h«.To is also another relation to be observed between these compoiinAi, vis. that 
t'lwh of them may be derived from the one immediately above it in the same column, 
hy HulMstitution of chlorine for methyl; and hence it appears that AsMcd is monatomic ; 
AH>[e* diatomic ; AsMe* cither monatomic or triatomic ; and AsMo cither diatomic or 
h'lratomic ; just as in chloride of propyl, C*H^C1, the radicle C®H’ replaces 1 at. hydro- 
whereas in chloride of pr^ylene, C*Il*Cl*, derived from the former by substitution 
“t ICl for IH, the radicle C*H* takes the place of 2 atoms of hydrogen ; and in tri- 
‘ liiorhydriii, C*H*C1*, the next term in the same series, C“ll® (^lycciyl), takes the 
]>Ia4*c of 3 at. H. Moreover, just as the group) CMi*'’ is monatomic in the allyl-com- 
{•ounds, and triatomic in the giyceryl-compounds, so likewise As(CIl®)* is sometimss 
nionatonim and sometimes trmtomic. The analogy between the two series of oom* 
pounds will be more clearly seen from the following tabular view : 


As(ck®)» . Cl c<b:» . Cl 

As(dk»)» . a» . a* 

as(<Th®)* . ci» cfk® . Cl* 

Ai(Cfa»)* CL 6<H* . CL 

Similar analogies may be traced in the compounds of arsenic and ethyl, and like- 
though not yet quite so clearly, in the compounds of antimoiiy, bismutb, and 
pnonnhomst with Uie alobbol-radicles. (Baeyer.)— In the comiHHisids of these 

radidfis may, in almost all cssos^ be rednoed to the geoeiul ^pes MB*, 
^ K*, MB®, M*B®, where M stands for F, As, Sb, or Bi ; and the 8 or 5 at B areouMle , 
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up, partity by an aloohol-radide^ pwfly an eqiuTalent quanti^ of clOodheL h&u. 
oa^gen, suIpW, &c. (See Oboano-jcbtaixio Bodibs.) ^ 

Araaotde of Tetryl. Tetryl- or Suiyl-cacodyl, Cacodyl of Valerie Acid^ 
When ralerste of potassinm is distiUed with an equal weight of ataeniems oxida & 
heavy yellowish oil paeses over, which has a penetrating alliaoeoiis odour, fiSes 
copiously in the air, but does not take fire spontaneously. It is soluble in water, foniu 
a wick white precipitate with mercuric chloride, and appears to reduce mercuric oxide 
to the metallic state. When left for some time in a loosely closed vessel, it changes 
entirely into a mass of laige, hard, shining, nearly colourless, prisms, which, after 
ihying between filtering paper, are destitute of odour. They have an acid reaction, 
dissolve in water, and are completely decomposed by nitrato of silver. (Gibbs, Sill 
Am. J. [2] XV. 118.) 

/kraeuide of Vrltyl. TrityU or Propyl-cacodyl, Ca^dyl of Butyric Actd,^Tiy 
* distilling e^ual weights of butyrate of calcium and arsenious oxide, snaking up the 
distillate with magnesia and water, and rectifying, a heavy colourless oily liquid is 
obtained, which has a disgusting cacodyl-odour, does not fume in the air, but burns 
when set on fire with a white flame and arsenical smoke. The wateiy liquid which 
passes over with the oil, appears to contain a considerable quantity of it, and gives a 
white precipitate with mercuric chloride, the cacodyl-odour being at the same time 
destroyed. The precipitate dissolves on heating the liquid, but reappears in smaJl 
crystals on cooHng. On mixing the solution and the crystals with hydrochloric acid 
and zinc, the odour of cacodyl reappears, the evolved hydrogen gives ofiP thick white 
fumes in the air, and deposits an orange-coloured substance on cold bod^s. The 
mixture when heated yields a colourless foetid oil, which fumes in the air, but is not 
spontaneously infiammable. (Wohler, Ann. Ch. Pharm. Ixviii. 127.) 

JLRSBWX08Xl>nZTll. Areenocrocite. A hydrated ferrico-calcite arsenate, 
occurring at Boman^ho, near Macon, in spherical masses of fibrous texture and yellow 
colour. Its exact composition has not been determined. 

ilBBZnrXTB or B.BSXSXrOBXTll. Arsenic bloom. Native Arsenious Oxide. ^ 
A rare mineral, generally oocurring in needle-shaped or capillary crystals, also massive, 
with spherical and bot^oi’dal suriace ; very rarely in regular octahedrons. Specific 
gravity — 3*69 to 3*71. Hardness -■ 1*6. It consists of arsenious oxide more or leas 
pure, has a white to ^eyish-whitecolour, occasionally yellow, red,orgracn; sometimes 
covered with a blackish crust (? suboxide or a mixture of arsenious oxide with metallic 
nrsenic). It is translucent, with vitreous to silky lustre. It is found, accompanying 
ores of silver, lead, arsenical iron, cobalt, nickel, &c., at Andreasburg in the Hans; 
also at Joacliimsthal in Bohemia, Kapnik in Hungary, and in the old mines of Biber 
inllaiiau. (Dana, ii. 139.) 

ABSXaxrOMCBBAlfB. See BlitNiTB. 

AlUmrOPWBXTB. Syn. with SIisfickbl. 

A Bfi w y XBBBXTB. Native diarsenide of iron. (See Iuon, Ausbikidbs of.) 
BJMBXWnXXXTB. Breithaupt's name for a mineral which, according to him* 
lias the composition of^ arsenious oxide, but crystallises in forms of the trimetric 
evstem, isomorphous with volentinite. The trioxides of arsenic and antimony are 
therefore isodimorphous. 

The name given by L. Gmelin (Handb. ix 316), to the hypo- 
thetical compound AsH* ( -= Ar), analogous to amidogen, Nil*, formerly supposed 
by Laurent, Gerhardt, and Dumas, to exist in cacodyl and its derivatives. Accord- 
ing to this view, cacodyl was supposed to be the hydride of a compound, C*ArJP, 
analogous to ethylene, viz. C*ArJP.ff; oxide of cacMyl * (PArlP.bOi the proto- 
aulphide C^ArlP.HS^ dfcc. ^ . r 

ABTSAXfXnWv or CnroXhABtXXfy a cr 3 r 8 talline substance extracted by Salndi n 
(J. Chim. m6d. vL 417), the rootsof C^tainen Eurepmm (Arihanita (ffficiMlu), 
— It is said also to exist in small quantity in the roots of the cowslip (JPrimiUa twrtik 
of Anagallis arvensis, and Limosella aquatiea , — It is prepared by digesting th« ftesh 
roots of eyolamen vdth alcohol, evaporating the extra^ and treating the residas^ first 
wiGi eiheri then with cold water ; the insoluble part constitutes arthanitan. It is 
purified^ by reciystalliBatiou from alcohol, with the aid of unimRl charcoal. It eiys- 
talUses in fine colourless needles, which are inodorons, but have a strongly acrid .mid 
styptic taste. It is neutral to vegetable colours, dissolves in 600 pts. of water, imrifily 
in alcohol It is idtered at the temperature of boiling water, becoming less solobts in 
nicohol. Nitric acid transforms it into oxalic acid. Sulphuric acid to 

it a violet-red tint. Taken internally, arthanitin acts like a pvzgntiTie, and ptodwawa 
vomitii^. 



j^noVOXlU According to Verdeil (Conffit. renA jcli 588), tlie giM ooImrs 
iiiff matter of the artichoke {C^inara scofy/Mui) ana other composite plantoi is a anV 
i^Dce distinct from chlorophyll, and ia formed by the action of the air, water, and 
ammonia, on the comminated parts of the plants. The liquid, which has a fine green 
colour, forms with acetic acid a bulky green precipitate, which resembles indigo when 
dn-, but when treated with aqueous alkalis, again forms solutions of a boauti^ green 
colour. 

The artichoke yields, according to Richardson (Ann. Ch. Pharm. Ixvii. Table), 
in the fresh state, ri7 per cent, of ash ; in the dry state, 6*2 per cent. In the root^ 
steins, and leares of the Jerusalem artichoke {Helianthus ruiet^tee) Way and Ogston 
(Journ. of Agric. Soc. rii. [2] 693) found in the fresh state, 1*79, 1*94, and 16*00 per 
cent, of ash ; in tho same parts when dried, 12*2, 4*4, and 28*3 per cent. The con* 
stituents of the ash are given in the following table: 



Artichoke. 

Potash . • • 

24*0 


ISoda .... 

6*6 


Lime .... 

9*6 


Magnesia 

4*1 


Sulphuric acid (SO*) 

6*2 


Carbonic acid (CO*) 



Phosphoric acid (P*0*) 

36 2 


Silica . , . 

70 


Sesquioxide of iron 



Chloride of potassium . 



Chloride of sodium 

3*6 


Sesquiphosphatc of iron 

4*8 



Jeraialcm Artichoke. 

* I 


Hoot. 


stem. 


66*9 


. 38*4 . 

. 6*8 



0*7 . 

. 3*7 

3*3 


. 20*3 . 

• 40*1 

1*3 


. 1*9 . 

. 20 

3*8 


3*2 . 

. 2*D 

11*8 


. 26*4 . 

. 24*3 

16*7 


3D . 

, 0*6 

1*5 


1*6 . 

. 17*6 

06 


0*9 . 

. 1*1 

6*0 


, 4*7 . 

. 1*8 


jUTOCikKPVa XiroiSJk. The fruit of this tree, the bread-fruit yeee, wliicTi 
grows in the islands of the East Indian Archipelago, contains 14 per cent, of starcli, 
3 per cent, albumin, 19 gluten and woody fibre, and 63 water. ^ 


AJIirM aacmUBWTirBK. The fresh tubers of this plant yield, aecoiding to 
T. J. Horaputh (Chem. Soc. Qu. J. iii 193), 1*65 pc*r cent, ash, containing in 
100 pts, : 61*7 pts. soluble in water, and consisting of 46*1 K*0 ; 8*1 NiiCH ; 3-8 SO»; 
4.7 and 38*7 pts. insoluble in water, consisting of 18*3 K*Oj 1*1 F©H>*; 

11*4 6*1 SiO* 


AlkITM MACiriiJLTinilK. TIio fresh plant contains a sharp milky juice, which pro- 
duce» inflammation of ttie »kin, but is so volatile and unstable tliat it is no longer present 
in the dried root The dry root is said to contain 71 per cent, starch, together with 
23 per cent, gum and vegetable mucus. 

A&umtO 9MUJLOmTr7BB, The diy plant yields 4*7 per cent, 4^ ash, which, 
oroordiiipr to Schnlz-Fl cot h (Pom?, Ann. Ixxxiv. 80), contains in 100 8*6 KH), 

6*9 CaO; 1-2 MgO; 0*2 hVO*; 2*8 SO*; 71*6 SiO*; 6*6 CO»; 2*0 P»0,* 0*4 NaCl. 

ASA XkinhCXa. See Benzoin. 

ASA1*<BXXX»a« Gwnmi Am Jotiidm, Stinhiuant, Tfufeladreck , — A gum-resiti 
extracted from the root of the Fenda Atajatida^ an umbelliferous plant growing in 
Persia. Tho root, which is black on tho outer surface, resembles a l^e parsnep. On 
cutting it transversely, the asafestida exudes in the form of a white juice, like cf*eu|n« but 
on oxposoro to tho anr, it gradually becomes yellow and at last dark brown. It is very 
apt to ran intodeoomposition; hence, those who collect it carefhlly defend it from the aim. 
Tlic fresh juice has an exoessiyely strong smell, which ffzuws weaker ami weak<w upon 
keeping ; a sino^e dnun of the fresh Hum smells more ttum a hundred pounds of the 
dry asafmtida Iwougbt to us. The Persians are commonly obliged to hire ships rni 
purpose for its carriage, as scarcely any one will receive it along with other comino- 
ditics, its stench infecting every^ng that comee near it. 

Asafeetida is met with, sometimeB in small drops or tears, but more frequently in 
reddish masses with white streaks. Specific gravity 1*327, Its rmn% fractured 
■uifrce has but little colour, but quickly reddens on eo^Kunire to the air. It is friable 
at very low temperatures, but softens at the heat of the hand. It dissolves in akxAol 
much more readily in water. It has an extremely disagmable allisceous 
odour, and a sharp hitiug taste. It contains in 100 pts., aceorOing to Pelletier 
(Bull. Pharm. iiL 666), 65*0 of rwin, 19*4 soluble gmn, 11*2 bsasorin, 3*6 volstile 
^ and 0*3 of malate of caldani. According to Johnston (Phih Hag. 1338) 
^ tmm of SisIhiHda, whidi suty be extracted by alcohol, is of a light yellirar mooi; 
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when puw^ but becomes pnipla on expoenre to the sun. ^ It contains liboiit 70^ 
per cent of carbon, 7’6 of hydrogen, and 22*2 of oxy^fno snJphnr. AsafiutS 
IS used as a remedy in nervous and hysteric affections, as a deobstment, and 
sometimes as an anthelmintic. It is said to be used also by some Asiatie tribes as a 
condiment. 

Otl of AaafoBtida. — Asaftetida distilled with water ^elds about 3 per cent, of a 
sulphuretted essential oil, to which its odour is due. This oil is neutral, begins to boil 
between 135° and 140° C., and when left at rest, gives off a considerable quantity 
of sulphydric acid, Hlasiwetz (Ann. Cli. Pharm. Ixxi. 23) obtained from it byan;^ 
lysis, from 64*2 to 69*3 per cent, carbon, from 9*1 to 10*6 percent, liydrogen, and 20*2 
to 25*6 per cent, sulphur, its composition varying with the time elajwed since its 
preparation. Hla.siwetz regards it as a variable mixture of the two compound 
and C**H*^. When it is treated with oxide of silver, sulpliide of silver 
is formed, and the liquid, if afterwards rectified, contains 65*6 per cent. C, 13*1 H, 
and' 24*8 S. On agitating it with strong solution of potash and hydrate of load, and 
then rectifying, an oil is obtained having an odour of lavender or rosemary, and con- 
taining about 60*7 per cent. C, 9*5 N, and 29*85 S. An oil having the same conqx)- 
sition IS obtained by passing sulphurous acid gas through tlie crude oil. 

The alcoholic solution of oil of asafmtida forms with dichloride of platinum, yellow 
or brown precipitates varying in composition, according to the strength of the solutions 
and the duration of the action, but containing the same proportions of carbon and 
hydrogen as the oil itself, viz. CII*'. 

On mixing concentrated alcoholic solutions of oil of asafoetida and clilorido of mer> 
cury a white precipitate is formed, which is partly dissolved by boiling alcohol ; and 
the solution on cooling yields microscopic crystfils containing )*S*.5HgS + 

2(0®II")'^CP.lIgOP. The portion of the precipitate insoluble in alcohol, bhickens 
wlion trcatotl with potash, a proof thiit it contains mercurous chloride : it wjis found 
to contain C‘'lI‘‘8\Hgfci.2iIg^Or‘'.2Hg*S’^Cl*. Both these mercury-compounds, when 
treated with sulphocynnato of potassium, yield a volatile oil smelling like oil of 
mustard, and like that oil, forming a crystalline compound with ammonia ; it does not 
how(»vcr contain allyl, hut prfjbably the homologous radicle, (Hlasiwetz, 

Hand. d. Chem,2** Aufl. ii. 339.) 

ABJLMm or ASAROITB, This substance is contained in the root of 

asiirabucca (Asarum europaum) and passes over in the cry'stalline form when the dry 
root is distilled with water. The crj’stals belong to tho mouoclinic or oblique pris- 
inal ic system, and resemble camphor in taste and odour. A.sarono melts at 40° C., begins 
to boil at 280°, and may be sublimed in small quantity between two watch-glasses. 
It is insoluble in water, but dissolves readily in alcohol, ether, and essential oils. 
When it is boiled for some time with uleohol, the solution gradually turns rei and a 
portion of the asurono w converted into an uucrystal lisa bio, resinou-s, isomeric mo^ca- 
tion, which does not distil with \'apour of water, and decomposes at 300° C. Nitric 
add converts osarono into o.\aUc acid. It is dissolved witli red colour by strong sul- 
phuric aci(L^d reprccipitated by water. It is strongly attacked by chlorine, giving 
off hydrochiOTic acid, and yielding a thick oil whose composition approximates to Ibo 
formula C-’®H^CI*0*. (Goertz, Pfaff’s System d. IVTuteria Modica, iv. 229; Blanchet 
and Sell, Ann. Ch. Pharm vi. 296; Schmidt, ibid, liih 156.) 

AfiftHT Ta. A camphor-liko substance found, together with asarone, in the root of 
Asarum curoptuemf and resembli^ that sulistance in many respects, but differing from 
it in appenranee, in not dceonrposing so readily when sublimed, but chiefly in its melting 
point wliich is 70° C, wliorcaa tliat of asarime is 40°. It is obtained by dissolving in 
alcofiol the impure ciystals of asarone as tJiey are obtained by distilling the root with 
water, precipitating V>y alcohol, and collecting tlio small silky crystals which float 
almut in the liquid. Griigcr, w*ho obtained this substance at first, regarded it as a 
distinct Imdy, but was nfterwarils disposed to regard it as identical with asaronat the 
difference in tho melting point is, however, too great to^ accounted for by error of 
observation. Blanchet and Sell suppose it to be the solid part of asunim-cn), and 
asarone a product of tho decomposition of that oil. 

A SAA ITM^IIL. A volatile oil existing in small quantity (about yj^) in the roof 
of Asarum europaumt ajid passing over, t^^other with asarone, when tlierootiedistiUed 
with water. It may be separated from tho asarone by treating the oily portion of the 
distillate with a small quantify of alcohol. * Two layers thou form, the upper being 
an alcoholic solution of asuTOne, containing a little of the oil ; the lower, a solution of 
small quantities of asarone and alcohol in the oiL On distilling this lower liquid over 
hydrate of lime, and leaving the distillat-e to stand for some time, the asanuie 
rates out, and the remaining oil may be dehydrated by chloride of calcinm* V 
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oil ii vellowisb and Tiflcid, amells like vHlerian oil, has a shaxp burning taste, is lighter 
rban ^ter, sparingly soluble in water, but easily soluble in lueohol, ether, and in oils 
Lth fat and volatile. Blanche t and Sell (inn. Ch, Pharm. vi. 296) deduce from 
their analysis (74’4 C, and 97 H) the formula OH*0, which does not agree veiy 
well with it : . the formula is more in accordance with the analysis. As, how- 

ever the oil doubtless still contained aaarone, it is useless to attempt to determine its 
^irmuhi exactly till farther experiments are made. It appears, however, to contain 
more carbon and hydrogen than aaarone, which therefore may have been formed firom 
it by oxidation. 

ASBli8T08» or AJiBSBTVS. (AriSeirror, indestructible .) — X mineralogical term 
used rather to denote a pecidiar form assumed by several minerals, than to dosignato 
anv particular species. It in fact, applied to several varieties of amphibolic and 
minerals, such as actinolite^ antho^hyUiie^ &c. which occur in long 

capillary crystals, placed side by side in a parallel position, thus producing a fibrous 
mass. These conditions may bo fulfilled in various aogcecs, and there are accordingly 
various kinds of asbestos. Those varieties whose fibres arc very dolicatidpr and I'ogu- 
Urly arranged, are called flexible asbestos^ or ainianth (a Greek term, signitying uivpoU 
luU d) \ the individual ciystals are easily separated from each other, ore very 
flexible and clastic, and have a white or greenish colour, with a fine silky lustre. A 
singld fibre of this mineral fiises readily into a white enamel ; but in the mass, it is 
•capable of resisting ordinary fiamc, so that when woven it produces a fire-proof cloth. 
Tiic moat beautiful specimens are found in the Taraintaise in Savoy, and m Corsica, 
where it occurs very abuncbintly. It is also found near Barege in the Pyrenees, in 
Djiuphiny, and on tlie St. Gothiird ; at St. Nevcmcin Cornwall ; at ^ort^Koy in Scotland ; 
ill mica slate at Glenclg, Inverness-shire ; and near Durham. Those varieties In whieli 
file (‘rystiils are coarser, with scarcely any flexibility, are called eommm 
'riicro are also throe other varieties, called mouviam leather^ itiountain cor/fr, ami 
,f,nuntmn wood, which differ from common asbestos by the fibres interlacing each 
<.'Ther, 

Common asbieios occurs in masses of fibres of a dull greenish coloiii^ and of a 
f=<uaowhat pearly lustro. Fragments splinteiy. It is scarcely flexible, and much 
(h nscT than amianthus. It is slightly unctuous to the touch. Specific gravity 27. 
Fuses with tlifiSculty into a greyish-black scoria. It is more abundiint than amianthim, 
and is found usually in serpentine, as at Porf.*ioy in tlu^ Ish} of Anglesoa, and at t)io 
Ia/.ard in Cornwall. It was found in the limestone of Glentilt, by Dr. M‘Culloch, in n 
piisty «tutc% but soon hardened by exposure to air. 

Mountain Leather consists, not of parallel fibres like the preceding, but inter- 
woven and interlaced so as to become tough. Wlien in very thin pieces, it is colled 
mountain paper. Its colour is yellowish-white, and its touch meagre. It is found at 
Wanlof'khcad, in Danarksliire. Its specific gravity is uncertain. 

^f()^m(ain Cork, or Klaatic Asbestos, is, like tlie preceding, of an interlaced fibrous 
tcxtiiro; opaque; has a meagre feel and appearance, not unlike common cork, end 
lik(? tliat substance is somewhat elastic. It floats on water. Its colour».<» white, grey, 
and yellowish-brown. It takes an impression from the nail; is voiy tougu ; cracks when 
handbMl, and melts with difficulty before the blowpipe. Specific gravity from O'fiS 
to 0 ‘>9. 

Mountain TFboc?.— Llgniform asbestos is usually massive, of a brown colour, and 
has the aspect of wood. Internal lustre glimmering. Soft, scctile, and tough ; opaqBO ; 
fi'cls mea^o ; melts to a black slag. .Specific gravity 2*0. It is found in tho Tyrol,' 
Dauphiny ; and in Scotland, at Glentilt, Portsoy, and Kildrumie. 

The ancients manufactured cloth out of the fibres of flexible asl)e8tos, for the pwv 
I>oso, it is sttf^sed, of wrapping up tho iKidiea of the dead when cxpoi^d on the 
funeral pile. This cloth has aim been mode in modern times, the diief artifice, 
Hccming to consist in the admixture of flux and a liberal use of oil, both whidi 
suifttanees are afterward opnsumed by exposing tho cloth for a certain time to a 
r«‘d heat. Gloves oro num of it for holding i^'hot cnioiblcs, &c. Tlie cloth of 
a»l>es^ when soiled, is restored to its primitive^ whiteness by heating in the Are. 
Ignition impairs the flexibility pf asbestos m a slight degreeu — U. 

ASBOBJlV. See Cobalt, JSabtht. 

, <88S03Uara. A nitrogenous substance contained, according to Bracon n ot (Ann. 
Ch. Phys. [2] xxxi. 37), in soot (iurfioKri)- It is extracted by boiling the soot wfih 
water, evaporatiiig, rcdissolving in water, adding hydrocliioric acid to the so|fttien« 
washing the pitchy precipitate with cold water, then boiling it with water,' fllt^il^ 
after coolini^ evaporating agiiin, and treating with boiling water HH no deposit IbtfliS 
on cooling. The liquid then yields by evaporation a kind of varnish, partially solttble 
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in alcohol ; and on troatiiig the residue with ether and eTaj^ratingr, asTjoKne /t»mauu {n 
the form of a yelloMi^ very acrid, bitter, volatile oil, wJiich is lighter than wateiJhnjiM 
with flame, and fields an ammoniacal product bj distillktion. ^bohne dissoires in 
nitric acid, yielding picric and oxalic acids. Its ^ueous solution is coloured deep 
iyr alkalis, forma an oranj^-coloured precipitate with acetate of lead, reduces nitrite of 
silver, and is precipitated by infusion of galls. 

ASCTUBPXABXHT. A bitter emetic principle, contained in the Aaclepias vinoe- 
toxictim. It is insoluble in water, alcohol, and alcoholic ether. It appears not to 
contain nitrogen. (Fenelle, J. Pharm. [2] xi. 566.) 

ASC&BPXOirS. 0*®H**0*. — ^When the white milky juice of Asalepias ayriaea is 
heated, the albumin contained in it coagulates, and on treating the coa^um with 
ether, and evaporating, asclcpione is deposited in finely radiated or cauUilower-like 
groups of cryatiUs. It is tasteless, inodorous, quite insoluble in water and alcohol, but 
dissolves readily in ether, less easily in oil of turpentine, naphtha, and strong acetic 
acid. It melts at 104®C., and then remains amorphous. At a higher temperature, it 
decomposes, giving off the odour of burnt caoutchouc. It is not attacked by strong 
boiling potash. (List, Ann. Ch. Pharm. Ixix. 126.) 


ABa or OROAirxo BOOXBO. men any part of an organised body, 
vegetable or animal, is burnt with free access of air, part of it is resol into volatile 
compounds, chiefly water, carbonic anhydride, and free nitrogen, while the other, an(^ 
generally the smaller ^rtion, is left as incombustible residue or ash. This residue 
may contain the following elements : — 


Basic. 

Potassium 

Sodium 

Calcium 

Barium 

Iron 

Magnesium 

Manganese 

Aluminium 

Copper 

Zinc 

(Lead, nickel, cobalt, tin) ? 


Acid, 

Chlorine 

Bromine 

Iodine 

Phosphonis (as phosphoric acid) 
Sulphur (chiefly as sulphuric acid) 
Silicon (as silicic acid) 

Carbon (as carbonic aci<l, and occa- 
sionally as cyanogen). 


These substiincea are the ao-callod inorganic or mineral constituents of the vege* 
table or animal structure ; they are essential 'to its existence, and are associated with 
the organic matter in certain definite forms, not necessarily the same as those which 
they assume in the ash. It must bo remembered, however, that the distinction 
between the organic and inorganic elements of an organised body is by no means 
alwolute : for the carbon and oxygen, which are never absent from the ash, belong 
essentially to organic structuro of the body. Perhaps the best distinction Iietween 
the organic t&id isoiganic constituents of a plant or animal body is, that the former, 
viz. the carbon, hydrogen, oxygen, and nitrogen, arc derived, in great part at leasts 
from the air, whereas the latter are derived exclusively from the soiL 

The inoigaiuc constituents above enumerated are not all of equal importance to the 
existence of organised structurei^ or of equally frequent occurrence. Potassium, 
sodium, calcium, magnesium, and iron, associated with phosphoric acid, sulphuric acid, 
carbonic aciA silicic acid, and ehlorin^ are almost always present, in greater or 
lesser quantity, in the ashes of oiganised bodies, whether vegetable or animal; 
fluoride of calcium, in very small quantity, appears also to be an almost invariable ^n- 
stituent ; and manganese, also in small quantity, is of flrequent occurrence ; the other 
elements are of rare or doubtflil occurrence. 

The mineral constituents of plants and animals va^ greatly in amount, 
in composition. In 6onr, the inorganic matter constitutes from } to } of the 
mi^ the amount in individual cases dcTOnding upon the age and spodeS of the 
animal ; in the higher classes of animals, the bone-ash consists mainly of phosphate 
of calcium, with a smaller quantity of carbonate ; in the lower dasaes, the propor- 
tions of these constituents are reversed. Phosphate of caldum occurs also in the 
ashee of the olhundnous principles, both of plants and animalsi, and is espedalty aton- 
dant in the seeds of cereal and legomioous plants; phosphate of magnesium 
is abundant in the ash of wheat-grain. The alkaline chlorides me veij 
widely diffhaed thronghout the bodies of plants and animals; chloride of sodium 
is invarial^y present in the fluids of the animal body and Hn the juices of plssto 
Alkaline carbonates are always present in the blood, and s^^tear ta^be sesenfisl 
to the solution of the albuminous priudples. Carbonate of potassid^ fenas Ai 
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greater part of ufOod><isJL Silioa is scarcely ever absent from the ashes of organised 
Wie& ashes of egutseiaecoui platUs contain 97 per cent of silica. The heard 
external sheathing of the stems of tfrAMSs consists of silicate of potassium. The 
Bliidils of the lowest classes of animal^ &c., consist mainly of silica, which 

i.s so thickly deposited in their organs, that neither decomposition nor incineration can 
(it-^lxoy their form : hence it is that deposits of iufhsoria are so often discQvered, In 
tiic ti^ues and juices of the higher classes of animals, silica occurs only as an inci- 
constituent, though it is seldom altogether al^ent. According to Gorup* 
Itesanez (Ann. cL Pharm. Ixvi. 342), it forms an integral constituent of feathers and 
ot' hair, 

•Sulphur occurs to the amount of about 1 per cent, in all the albuminoidal sub- 
stiinceH, and is converted during incineration into sulphuric acid, which is found in 
the ash as alkaline sulphate, sometimes however more or less reduced to sulphide by 
the action of the carbon at a high temperatmre. The juices of the animal body and of 
plants also contain small quantities of alkaline sulphates und sulphate of calcium. 

Iron is always present in vegetable and animal tissues and fluids, and is found in 
tlic »ah as sesquioxide, either free or as basic phospliate. 

Alumina has been found in considerable quantity in the juice of plants which ex- 
hibit an acid reaction, e.ff, in Lycopodium chamcBcyparissus^ L, elavaium^ and X. den- 
ikidcium (Salm-Horstmar, J. pr. Ohem. xL 302; Aderholdt, Ann. Ch. Pharm. 
Jxuii. Ill; SolmS'Laubach, c. 297). In most other plants, alumina is alto- 
absent, any small quantities that may be found in the ash, generally arising 
fri>m impurity in the reagents, especially in the caustic potash or soda, or from want 
of due care in cleansing the leaves, roots, or other parts under examination, from 
adhering particles of soiX 

Tlio other motals above-mentioned as occasional oonstituents of ashes, occur only 
in very small ^^uantity, their presence being mostly, perhaps, due to some peculiarity 
in the nutrition of the plant or animal in which they are mund. A peculiar kind of 
violet {^Viola calaminaris) with yellow flowers, was found by A. Braun (Pogg. Ann. 
xcii 175) to contain sine, which metal was likewise found in the soil, its presence 
doubtless determining tho production of the peculiar variety of the plant. 'Tho ash of 
tlw blue blood of JAmulus cyeloM was found by Genth (Pogg. Ann. xcv. 60) to contain 
0 08 to 0*33 per cent, of oxide of copper. The occurrence of titanic acid in 
plaiit-ashes is mentioned by Stadeler (Wohler’s prakt. Chem. Uebungen, 1863 
|i. 173), of baryta by Scheele fin 1788), and more recently by Eckurd (.4^n. Ch. 
Pharm. ,c. 294), and by Forchnamraor (Pogg. Ann. xcv. 60; Jaliresber f, Chem. 
18 '>9, p. 987). On tho occurrence of copper and other motals in plant-ashes, see also 
.lahresbor. 1847—8, p. 874 ; 1849, p. 430 ; 1852, p. 702 ; 1863, p. 604. 

As the mineral constituents of plants are all derived from the soil and vaiy greatly 
l;oth in amount and in competition, it will bo cosily underst<^ that tho examina- 
tion of plant-ashes is of great importance with reference to agriculture. A plant will 
ijDt grow^ on soil defleient in tho mineral substances which it requires; if phos- 
j>}ioric acid is deficient, wheat and other cereal grasses cannot form t^ir seed m its 
nornuil amount; if there is a deficiency of silica, tho straw will be weak. Somo 
piiints require abundance of alkali, others of lime, &a The examihatiou of the ash 
shows wliat particular mineral substances the plant requires, and consequently what 
^^nH^,tances m^t be supplied to it artificially in the form of ^lanure^ if they are not 
alreiidy contained in the soiL 

We now proceed to deacribe the preparation and analysis of ashes. 

^Preparation of the Ash , — The substance to be incinerated must in the first 
place be carefully freed from extraneous matter. Herbs, roots, and barks, which are 
especially liable to be contaminated with adhering mould, clay, or sand, must first 
la? deaned from the grosser impurities by scraping, or otherwise, and then wash^ , 
a slightly moistened sponge to remove the fine dust; washing with largo quanti* 
of water is objectionably as it may remove some of tho soluble salts. 8e^ are 
cleaned by pouring distilled water i^n them in a glass jar, stirriim for a little 
Jhilc with a rod, and tlien pouring the whole on a coarse sieve, which allows the fine 
dust to run through, but stains Ihe seeds. After repeating this treatment two or three 
tunes, the seeds maj be^fiirther cleansed by rubbmg them between a linen cloth, 
Aniin^ substances are less Hsble to contamination with mechanicod impurities; 
•nt'ir incineration is often fiidlitated by exhausting them with water, and incinerat- 
separately the aqueous extract and tho residue. The quantify of matiiriul 
in^nerated should be such as to yield from 4 to 6 grammes of ash. Of seeds, roots, barks, 
leaves,, which are for the moet part rich in mineral constituent^ from 100 to 200 
^uunea of file dried substance is generally rafftciont of wood, two or three tiniii 
to^ quaatt^Hiiast be taken ; of animal substances containing a large ainowit of 
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water, it I 0 o^n necemiy to incinerate a much laiger quantity^ The snbstaaee ahoald 
previoOB to inemeration. be carefully dried and somewhat comminuted; seeds, however 
if not yeiy large, are best incinerated without comminution. < ' 

The incineratLon must be conducted with great care, as the constitutioD of the ash 
is often materially affected by the manner in wMch it is performed. The chlorides of 
potassium and sodium, though fixed at comparatively low degrees of heat, volatilise per- 
ceptibly at the high temperature sometimes attained during the incineration, especially 
in a currant of air ; this is still further the case with iodides. Moreover, by the joint 
action of silica and charcoal, phosphates may be decomposed and phoB^oms volati- 
lised; sulphates also reduced to sulphides, or sulphuric acid driven off. And even 
when no actual loss takes place, different modes of incineration may give rise to con- 
siderable differences in the composition of the ash. Carbonates in an ash generally 
result from the combustion of salts of organic acids existing in the substance burned ; 
they may, however, be introduced in other ways. If tribasic phosphate of sodium bo 
ignited in presence of a large quantity of organic matter, sugar, for example, till the 
organic matter is charred, and the mass be then lixiviated with water, a solution of 
carbonate of sodium is obtained, and the residue, after the charcoal has been com- 
pletely burned away, consists of pyrophosphate of sodium, the carbonic acid produced 
by the combustion of the organic matter having decomposed the tribasic phosphate, 
taken away 1 at. of the base, and converted it into carbonate. If, on the other 
hand, the mass be at once completely incinerated without lixiWation of the cliarcoal, 
nothing hut tribasic phosphate will be obtainctl. In all cases then, in which the 
arrangement of the mineral constituents of an organised structure is to be inferred fmiii 
the composition of the ash, great care must be taken to guard against or allow fop any 
such modifications as that just noticed. In the examination of plant-ashes for agn- 
cultural purposes, such questions arc indeed of minor importance, the chief object of 
the investigation being to detennine the ultimate constituents of the ash; but in 
physiological inquiries, the actual arrangement of the mineral constituents in the living 
structure is often a point of groat importance. 

The difficulty of incinerating an oi^anic substance is ^eatly increased when the ash 
is easily fusible, the decompositions just considered being then most likely to occur. 
Leaves, herbaceous stems, roots, bark, &c., which chiefly contain infusible salts of the 
llkoline earths, are comparatively easy to burn ; but seeds, and many animal sub- 
stances, such as di'ied blood, which contain largo quantities of alkaline salts, arc very 
troublesome, and require great care in regulating the temperature. 

The method of incineration originally practised, especially for the preparation of 
plant-ashes, consisted in burning the dried substance in a Cornish or Hessian crucible, 
laid obliquely in tho fire, and kept at a moderate red lieat. The carbon then burns 
away with greater facility, tho looser the texture of the charred mass, and the less ite 
position and form are altered by movement and stirring. The objections to this 
method are that it ofteh gives incorrect results regarding the amount of phosphoric 
acid, carbonic acid, and cldorine, inasmuch as chlorides are decomposed by the action 
of acid phosphates in presence of wuter, and at veiy high temperatures, phosphorus may 
be volatilised by the action of charcoal on acid phosphates. Extraneous matters may 
also be introduced into the ash by the action of phosphates in a state of fusion on the 
crucible. 

A much better method is that recommended by Erdmann, which consists in in- 
cinerating the plant or animal substance in a muifle built into the mouth of a fiir- 
nace in such a manner that the heat may play upon it chiefly from the top. 
The incineration goes on most favourably at a distance of 3 or 4 inches from the 
front aperture of the muffle, and at a low red heat not visible by daylight. At 
this temperature, there is no danger either of the volatilisation of chlorides or of the 
fmon of phosphates. If the muffle be kept loosely closed by a clay stopper, sufficient 
air will enter to produce, in tho course of twelve hours, a quantity of ash firee from 
(diarcoal sufficient for an analysis. A convenient mode of proceeding is first to ehtf 
the substance in a platinum or porcelain dish, and then heat the charred restfitae i% 
* muffle in the manner just described ; the charcoal then bums away with alight 
incandescence. The ash may afterwards be weighed in the dish. 

MesOTS. Lawes and Gilbert use cast-iron muffles 18 inches long, 3} inches high, 
and 6 inches wide at the bottom. The muffle, which has a fla^e at the fare 
fits exactly into an orifice in a cast-iron fiimace front ; and a 1} inch pipe Moeew ing 
from the farther end of the muffle, passes through tho cast-iron fiiraace oaefcv «» 
asms to cany away the evolved gases. The muffle rests on a brick in the fhnuic^ to 
lessen ^ttom heat and thus prevent fusion; the fuel being heaped up at the ndes ami 
top, chiefiy the latter. The substance is burnt in lam ptotinmn sheets or dishes» ^ 
latter 10 indies long, 4 to 3 inches wide, and 1} inch deep. By this amurnmnmiCt tof 
iocoM at ash from the fire is entirely avoided; the ash is burnt by wovtacs^ 
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bottom heat ; the dianght of air is froe ; and the incineration maj be aceomplislied at 
a very low temperature.* 

Tbie is by far the best mode of incineration yet devised ; nevertheless it is occa- 
sionally attended with slight loss of sulphur, phosphorus, chlorine, iodine, &c. To ob- 
viate these losses, it has been proposed to mix the substance to be incinerated with lime, 
baiy'ta, or other strong bases capable of retaining the acids. W acken r oder adds for 
this purpose, acetate or carbonate of calcium, or quick lime; Strecker proposes to 
moisten the dried and charred substance with such a quantity of baryta^ water, that the 
ash, after incineration, may contain about half its weight of baryta. The moistened 
cliarcoal is then dried and burnt in the muffle at as low a temperature as possible. To 
substances which produce ashes containing much carbonic and silicic acids, Way and 
Ogst on , add for the same purpose, nitrate of barium; Slater adds peroxide of barium; 
Verdeil, nitrate of ammonium; and Will, mercuric oxide; but all those admixtures 
are attended uuth peculiar inconveniences, which stand in the way of their general 
application. 

H. Kose adds a weighed quantity of carbonate of sodium, chars the substance in a 
crucible, and bums away the chui*coal by din^cting a stream of oxygon upon it through 
an aperture in the lid. This method effects n complete and rapid combustion of me 
cliarcoal, but the high temperature produced often onuses the ash to fuse, and then the 
crucible is attacked. Cruciblos of stono'ware {Sieinffut) withstand the action bettor 
than those of porcelain. 

[For the methods ofMitscherlich and HI asi we tz, see Handw. d. Ghem. 2‘* And. 
ii. 362 ; for the latter also, Ann. Ch. Pharm. xcvii. 244.] 


Anait/Jtis of the Ash. — Of the various methods which have been given for the 
analysis of ashes, the simplest and most generally applicablo is that of Professor 
Will (Ilandw. d. Chem. 2*« Aufl. ii. 361 ; Coningtou s Handbook of Chemical Analysis, 
p. 22G). The ash prepared in the muffle at the lowest possible temperature, is tritu- 
rated to a uniform powder, and preserved in a stoppertMi bottle. One portion of it is 
used to determine the carbonic acid by one of the methods given under Alkalimbtby, 
p. 119. A second is treated with dilute nitric acid, and the filtrate is used for detor- 
luiuiug the chlorine by precipitation with nitrate of silver; while a third portion ^4 or d 
grammes) is used for determining the silica and the other constituents. For this last 
puriwse, the ash is treated with liydrochloric acid; the silica separated by complete 
erajKiration to diyncss, and digestion of the residue with water containing hydro- 
chloric acid (see Silica): and the quantity of the filtrate, together with the wasliii^, is 
determined, either by weight or by measure. 

In one ^rtion of this filtrate, of known weight or volume, the sulphuric acid is 
dcU rmined by precipitation with chloride of barium ; in a second, the lime, magnesia, 
si«f)uioxide of iron (alumina, if present), and the phosphoric acid; in a third, the 
alkalis. 


Lime^ Magnesia^ Ferric Oxide^ Phosphoric Acid. — If, as in the ashes of seeds and of 
many animal substances, all the bases, or the mreater part of them, ore present as 
phosphates, the liquid is first supersaturated with ammonia (or mixed with acetate of 
swlium), then with acetic acid, and the undissolved ferric ^osphate, is 

collected and weighed (together with phosphate of aluminium, if present, which mar 
aflcrtt-anls be separated by potash). The lime is next precipitoted by oxalic acid, 
then p.'irt of the phosphoric acid and all the magnesia by ammonia, and the rest of the 
phosphoric acid by a magnesium-salt. In ashes containii^ a smaller propc^on of 
phosphoric acid, part or the whole of the magnesia remains in solution after this treat- 
ment. This portion is determined by precipitation with phosphate of sodium, or (if 
tlK> filtrate is to be afterwards used for the determination of the alkalis) with phosphate 
of ammonium. If manganese is likewise present (as a manganous salt), the ferric 
phosphate is first precipitated as above; the liquid filtered from the pMipitate is ^ 
mixed with a known volume of a standard solution of ferric chloride made as neutral 
u ppssible ; the whole is heated to boiling; the precipitate thoroughly washed ^th 
hot water and dried ; and fix»m its weight, tliat of the (anhydrous) phosphesne aeid is 
found by deductiiig the weight of the ferric oxide added t ; tp this quanUty of phoe- 
phonc acid, must be added that which was previously dete^ined as ferric phoq>hate 
(and phosphate of aluminum). In the filtrate, which contains manganese, calcium, 
and magnaium, these metals oie determined by the usual methods, the msnganese 
precLpitaM as peroxide by hypochlorite of sodium^ the precipitate ooUeeted aftei* 
twenty.fonr hours, then ignited or weighed as nuuMganosQ-mangame oxide (Mn*0^ 
Alkai.ia>-~JthB ash, dis^ved in l^drochloric odC not in great excess, is mixed wlUi 


« l!.?*’<be«lMwedeMriptkNi,tlie RdltortotfMlebtadtottMilitDdasMorOr.Gfniert^ , 

Srrir?^ — nouet of phfHt^Afic arid In tlito pr«ctp.tate mlfbt bn determined dtre^ 

SMlnf MCicieiit terteric acid to prereot pfeetpllstfoa of iron and aijliflfai bf f 
asdiaf of Muoiottia, sad ftecipltattos a mecncatiutosalt* 
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oxalic acid, then with excess of ammonia, and if maCTe^ is still in solution with 
phosphate of ammonium.* The precipitate is washed with ammoniaeal water; the 
nitrate is evaporated a little to ez|^l the excess of ammonia, and mixed while still 
hot with acetate of lead ; the liquid is again filtered, and the excess of lead lemored 
ammonia and carbonate of ammonium ; the filtrate fpom this precimtate, together 
with wash- water, is evaporate^ with addition of sal-ammoniac; and the ammoniaeal 
salts are expelled by gentle i^ition. The residue, which contains nothing but the 
chlorides of potassium and sodium, is then weighed, and the relative (quantities of the 
two chlorides are determined, either by precipitating the potassium with dichloride of 
platinum, or determining the amount of emorine by precipitation with nitrate 
ailver. (See Axaltsis, Indibect, p. 220.) 

Knop and Arendt (Ohem. Oentralbl. 1857, 169), determine the phosphoric acid in 
ashes by adding uram'o cusetate to the solution, acidulated with acetic acid as above, 
whereby a precipitate of ammonio-uranic phosphate is produccMl, which, when ignited 
with addition of a few drops of nitric aci^ leaves uranic phosphate, containing 
SUr^O’.F^O*. (For the detail of the method, see Phosphohic Amn, under Pros- 

PHOBUS.) 

For other methods of ash-analysis, see Fresenins and Will, Ann: Ch. Fhaim, 1. 
363; Erdmann, J. pr. Ghem. xxxviii. 20; H. Bose, Pogg. Ann. Ixxx. 94, and 
Handb. d. Anal^ Chem. ii. 766; Mitscherlich, J. pr. Chem. xxxv. 231 ; Wacken- 
rodor, Arch. Pnarm. [2] liii. 1 ; Stadeler, Prakt. Uebungen in der Chem. Anal, von 
Wohler, 1853, 172 ; Wittstein, Pharm. Oentralbl. 1863, 761. Also for a description 
of all these methods, Handw. d. Chem. 2** Aufl. ii. 353. 

For the composition of the ash of individual plants, see the names of the plants in 
this dictionary. Extensive tables of the composition of plant-ashes are given in the 
first five volumes of Liebig and E<mp*s Jahresberichi fur Chemie, 1847 to 1852. The 
new edition of lire’s Dictionary ojArU^ Manufaeturea^ and Mines (i. 212), also con- 
tains a table showing the average composition of the ash of some of the most useful 
agricultural plants. 


AEBt VOXiCAmc* This name is applied to the pulverulent portion of the 
matter thro^m out by volcanos. The ash emitted by different volcanos, by the same 
volcano at different times, and even at different stages of the same eruption, exhibits 
mreat differences of structure and composition. It is sometimes dark-coloured or even 
black, and composed of earthy or soft particles, sometimes grey or white, and finely 
divided* In the eruption of Vesuvius, a.i>. 79, which overwhelmed Pompeii and 
Herculaneum, the ash was so fine and diy that it took exact casts of objects buried 
in it. It is this finely divided matter to which the term ash is especially applied, 
the coarser varieties being generally denominated volcanic sand; it sometimes 
rises to Ci^nsiderable heights, and is then carried by the wind to great distances. In 
the eruption of Ooseguina, on the Bay of Conchagua, in Guatemala (1835), some of the 
ash fell at Kingston in Jamaica, at a distance of 700 miles. 

Volcanic ash, when examined by the microscope, appears to be composed of frag- 
ments of lava, slag, mica, felspar, magnetic iron ore, augite, pumice, olivine, &c. ^ It 
is therefore a mechanical mixture of minerals and rocks abraded by trituration against 
each other. In the ash thrown out by Vesuvius on the 22nd of October 1822, 
Vauquelin found 28 pts. silica, 8’0 alumina, 18 gypsum, 20*88 iron pyrites, 2*6 lime, 
and 1 carbon, together with 41*42 pts. sulphate of copper, sulphate of ammonium, 
chlorides, and sulphur. In the.ash emitted from the crater of the Soufri5re in Guade- 
loupe, in 1797, Dufr5noy (Ann. Ch. Phys. [2] Ixvii. 261) found 2 per cent, of alum, 
potash, and gypsum, 8*84 water, 32*61 pts. of matter attacked by acids (which he 
regarded as labrador), and 66*23 pts. not attacked by acids (regarded as glassy fel- 
spar). In the ash thrown out by the same crater in nie year 1836, DuMnoy found 
50*88 pts. of matter insoluble in acids, 33*72 pts. soluUe in acids, 6*93 water and 
0*62 si^phur (loss 1*86 per cent.) ^ 

The following table contains the results of a few more recent analyses : 
fin>m the above-mentioned eruption of Ooseguina (Dufr 5noy and Eli e de BeaBiWlt» 
Ann. Ch. Phys. [2] Ixviii. 266); this ash contained 18 pts. of matter deCcmpposible 
by hydrochloric ^id (a), and 82 pts. unattacked by that acid (5). fhmi 

Gunnung-Gurtur, in Java; eruption of January 4th, 1843 (Mayer, Leodhaid and 
Bronn’s Jahrb. d. Miner. 1863, 463), rf, Ash from the same volcajao ; emptioo of 
November 25th, 1843. Of this ash, water dissolved 0*3 per cent, consisting of lime 
and mag a eaia-aidts (Schweitzer, J. pr. Chem. Ixv. 194). r. So-called ferric ashe^ 
aad^ aomCtJXtd ferrovs ashes from Etna (Sartorius von Waltershausen, “Vul- 
eamahe Gesteine^” Gottingen, 1853, 172). o. Ash from the eruption of Heda in IM 
iQmnth, ibid. IIB). 

• VIer ellMr m t h o d t of aepanting nagnetU from the alkalis, see Maornmni. 
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a’ 

b 

Silica • • 

Alumina 



61*7 

16*2 

64*3 

21*1 

Ferric oxide . 



13*0 


Ferrous oxide 



— 

— 

Lime ^ . 



11-1 

1«4 

Magnesia 

Soda 



0*2 

0*7 

9*6 

Potash . 



. 

— 

Water and loss 



2*8 

3*4 

Matter soluble in water 


— 

— 




100*0 

100*6 


S 

d 

s 

/ 


34*2 

61*6 

48*7 

61*3 

66*9 

37*6 

21*9 

17*9 

18*4 

14*» 

18*2 


12*7 



6*7 

10*8 

— 

11*7 

13*0 

0*7 

9*3 

6*6 

7*6 

6*2 

— 

3*3 

2*6 

4*8 

4*0 

.... 

2*9 

4*6 

4*6 

2*3 

.... 

0*6 

2*0 

1*6 

. 2*6 

1*0 

0*6 

6*6 

0*6 


1*7 

0*3 

— 

2*7 


100*0 

101*2 

l(fl*4 

102*6 

100*1 


ASFjBJULOm. or Mthein^ AaparamidB^ (Gdl X. 

239 .) — ^This substance waa discovert in 180d by Vaaquolin and Kobiqnet (Aniu 
diinu Irii. 88). It exista ready formed in many plants, in common asparagus 
{Aitpar(uju8 qffieinali8\ in the marsh-mallow {AlihiuBa in comfrey {Symphyiua^ 
off.\ in potatoes, in chestnuts, in the leaves of the deadly nightshade (Atropa SeUa^ 
tionna\ in liquorice-root, in the root of liobinia pseudacacia^ in Conwllaria 
and G. mtUiiJlora, in the milky juice of the lettuce, in the tubers of the dahlia, and 
in the young shoots of vetches, peas, beans, and several other leguminous plants grawn 
in the dark. According to Pina (Ann, Ch. Ph^s. [3] atxii. 160), the young shoots of 
these plants, when formed in the light, contain just as much asparagine as when they 
are groinii in the dark ; but the asparagine disappears as the plant arrives at the flower- 
ing shigc. On the other hand, llessaignes and Chautard (J. Pbarm. [3] xiii. 
215), and likewise Pasteur (Ann. Ch. Phys. [3], Ixxxi. 70), And that vetches growing 
ill light arc free from asparagine. 

IWparation . — The juice obtained from the young shoots of aaparagua^ Altered and 
i'va{)oratcd to a syrup, deposits after standing for some days, ciystats of ^asparagine, 
M'hii'h may be purified hy recry stallisation from water. As the mucus olf the plant 
impedi's the crystallisation, it is best to leave the shoots to ferment for a few days in 
a warm place, and then bruise and press them, with addition of water ; by this tMt- 
iiu'iit the mucus is decomposed. In a similar manner, asparagine may be obtained 
from marsh-mallow roots, and from the young shoots of vetches, &c. fprown in the 
dark. To obtain asparagine from liqnorice-root, the root is cut into pieces and ex- 
hausted with water; the liquid boilM to precipitate the albumin, then mixed with 
acetic acid to separate the glycyrrbizin contained in the root, and afterwards with 
acftate of lead, which throws down phosphate and malate of lea^ together with brown 
colouring matter; and the excess of lead is removed by sulphydric acid. The 
filtered liquid evaporated to a small bulk, deposits crystals of asparagine after a few 
days. 

Asparagine forms hard brittle crystals, CWK*0*.H*0, belonging to the trimetrie 
system. The ordinary fonn is a right rhombic (nisiii, oeP . oP . ml* qd . od ^ go, with 
the hemihedral faces j. Inclination of the faces, ooP : ooP — 129® 37'; ^ : oP ■■ 
116'='-67'; ml* 00 : oP «» 120® 46'. Specific gravity 1*619 at 14® 0. The crystals are 
inodorous, have but a slight taste, and are permanent in the air. They give off water 
of crystallisation at 100® C. They dissolve in 11 pts. of cold, and 4*44 pts. of boilins 
w ater ; the solution has a slight acid reaction. Asparagine dissolves also in adds and 
in alkalis. It is insoluble in cold absolute alcohol, and nearly insoluble in that liquid 
at higher ^mpmtures ; insoluble also in ether and in oils, wnether fat or volatile. 

Asparagine dissolved in water and in alkalis, deflects the plane of nolarisation of a 
ray of light to the left ; but when dissolved in acids, it deflects the plane of polarisa- t 
tion to the right. The apedfle rotatory power of an add oolution ia + 36®, and of an 
■o^ftuacal solution, —11® 18'. 

'"lanigme heated with strong adds or alkalis, is resolved into aspartic add and 
ammonia: 

^ -I* HK) - + NH*. 

pie crystals subjected to dry distillation also give off ammonia, and leave aspartic add* 
Asparagine dissolved in cold nitric add, yields aspartic add and nitrate of amniODluiin 
but when suljected to the action of nitrons amd, as when nitric onkle gas m p assed 
n solution of asparagine in pure and modentelj strong nitric add, it is eon» 
^^®rted into nuJie ae^ with evolufioii of nitrogen : 

C*B*K*a» + N«0* - C«HW 4- 4- 

KB 3 
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The flolutioo of pare a^aragine-ciystalB may be kept unaltered ; but if ^e ciystth 
are coloured, their solution soon passes into a state of fermentation, and the whole of 
the asparagine is conyerted into succinate of ammonium : 

+ H*0 + C^H^(NH‘)W 

The hydrogen is deriyed from the fermenting matter. A solution of perfectly pare 
asparagine experiences the same change when mixed with a small quantify of the 
juice expressed from the young ehoots of vetches (Piria). Asparagine ferments also 
under the influence of casein, and is conyerted first into aspartate of ammonium, after- 
wards into succinate. 

Asparagine forms definite compounds with acids. The hydrochlorate, C*JBPN*0’.H0], 
is obtained in large crystals either by dissolving 1 at. asparagine in 1 at. hydrochloric 
acid, evaporating at a gentle heat, and adding sucohol ; or by passing dry hydrochloric 
acid gas over finely pounded crystals of asparagine, exposing the resulting compouod 
to the sir till it no longer gives off acid vapours, then dissolving in hot water, and 
leaving the solution to cool. 

Asparagine also forms salts in which 1 at. of its hydrogen is replaced by a metal; 
thus the copper-salt is (C^H’N*0*)*Cu. These salts are obtained by mixing a solution 
of asparagine with the corresponding oxides. Asparagine also unites with chloride of 
mercury and nitrate of silver. 

Aspar^ine has the same composition as malamide, and its convemion 

into malic acid by the action of nitrous acid, suggests the idea that it may be really 
the amide of that acid. According to Demondesir, however (Compt. rend, xxxiii. 
227), and Pasteur (Ann. Ch. Phys. [3] xxxviii. 437) the amide obtained by the 
action of ammonia on malic ether, diners firom asparagine in crystalline form in 
other properties. 

ABP Al t A OO!HTg> An old name of the variety of apatite which has the green 
colour of asparagus. 

ASP A A A CIU8 OPPICXIVAlZiXS. The ashes of wild and cultivated aimarogus, 
wd of the young heads of the cultivated plant, have been analysed by T. Hersr 
path (Chem. Soc. Qu. J. ii. 9). 100 parts of the fresh wild plant yielded 2*42 pts, of 

ash; 100 pts. of same dried, 6*07 per cent. ash. The cultivated plant yielded m the 
fresh state 1*53, and in the dry state 6*07 per cent. ash. The young heads in a state 
fit for the table gave 0’81 per cent, and 11*24 per cent. ash. The constituents of 
the several ashes are as follows : — 


in water : 

wild. 

Cultirated. Youna Heads. 

r Carbonic acid 

4-86’ 

14*27 

401 

Sulphuric acid 
'Phosphoric acid 

7*77 

trace 

356 

2*10 

1 31-08 

Potash . . . . . 

Soda . . . • . 

15*81 

2-72 

32*74 

; 32-63 

Chloride of sodium 

Chloride of potassium 

20*51 

trace 

13*06; 

10-06 

Carbonate of calcium 

21*43 

14*61 

696 

Carbonate of magnesium 

2*62 

— 


Btuic c-phosphate of calcium . 

21*67 

16*21 

14*05 

Basic ferric c-phosphate • 

1*70 

0*46 

0*21 

Silica ..... 

0*85 

2-97 

1*00 

Sulphate of calcium 

trace 

trace 

trace 

Basic phosphate of magnesium 

trace 

trace 

trace 

Soluble in water (per cent) • 

99*94 

51*67 

99*98 

57*64 

100*00 

7*78 

Insoluble „ „ 

48*27 

42*34 

22*22 


ASPAJULMXBB. Syu. with AsPiAAOim. 

AS P A1 S A IWT O ACXIK Syn. with Aspautic Acm. 

*!**35?**’ (Pli.aon, Aiiii.CaLPlinzznr.174; 

aE],f(IS.-^l 2 SSoli andO. Henry, t^iVixIv. 315 ^Boutron-ChautardandPelovae^ 

idil liL 9a.^Liebig, Pogg. xxxi. 232, Ann. Ch. Pharm. xxvi. 125, 161 .Piria» 

Ann- Gh. Phys. [3] xxii. 160.-- Deasaignes, Compt rend. xxx. 320; MO; 

Ann* Cflu PhsniL Ixxxiii 83. — Pasteur, Ann. Ch. Phys. [3] xxxiv. 80; Oik 
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pharm. I t*'*” 824. — Gm. *. 230 ; Gerh.i 812.) — ^This aci^ whkh is isomeric, if not 
iaeiiticdl with malamic acid, ^ obtained either by the deoomposi- 

tiou of asparagine, chiefly under the influence of acida or alkalis, or by the action of 
heat on the acid malate, maleate, or fUmarate of ammonium. The acids obtained by 
th<!se two processes are Identical in composition, but differ in their relations to pola* 
risiHl light, the former being optically active, the latter inactive. 

To prepare active aspartic aeid^ asparagine is boiled : 1. With water and oxide 
of lead, as long as ammonia continues to escape, the water being replaced as it 
evaporates: the resulting aspartate of lead, after being purified by boiling with 
a'ater and alcohol, is decomposed by sulphydric add, and the filtered solution is 
evaporated till it crystallises (PI is son). — 2. With baryta-water, the aspartate of 
barium being decomposed by sulphuric acid (Boutron and Pelouze). — 3. With potash, 
the liquid being afterwards evaporated to myness with excess of hydrochloric acid, and 
the chloride of potassium dissolved out by water, which leaves the aspartic add undis- 
solved and perfectly free from potash (Liebig). — 4. With hydrochloric acid, for three 
hours, the solution being then evaporated to dryness, ana the residual chloride of 
ammonium and hydochlorate of aspartic acid dissolved in a small quantity of water 
and lialf neutralised with ammonia ; the Hqaid on cooling deposits a considerable 
quantity of aspartic acid. (Dessaignes.) 

Active aspartic acid ciystallises in very small thin, shining, rectangular plates, trun- 
cated at the angles ; they belong to the trimetric system. Specific gravity 1*6613 
at 12-5*^ C. It is much less soluble in water than asparaginej 1 pt. of it re- 
quiring 364 pts. of cold water to dissolve it. In boiling water it dissolves more 
rc;i<iily, but is nearly insoluble in alcohol. It dissolves readily in alkalis, and the 
solutions turn the plane of polarisation of a luminous ray to the left. It is also easily 
soluble in the stronger acids, and the solutions thus formed turn the piano of polari- 
satiou to the right. The specific rotatory power of the solution in hydrochloric acid 
is + 27^80'. (Pasteur.) 


Inactive Aspartic Acid is obtained by heating acid malate of ammonium to 
2(>0- C,; boiling the residue for some hours with hydrochloric acid ; dissolving the hydio- 
c hlorutc of aspartic acid, which crystallises from the liquid on cooling, in hot water, and 
luilf saturating the solution with ammonia. Inactive aspartio acid then separate in 
hiinilL crystals, belonging to the monoclinic system. Oidinary combination ooP.oP. 
[P x]. Inclination of tho faces, exP : exP in the plane of the oblique diagonal and 
t ho principal axis 128^ 28'; oP ; ooP ^ 91® 30'; [Pco ] ; oP *■ 131® 25'. The crystals 
an* groujH‘d in stars, and sometimes take a lenticular form. Specific gravity 1*6632 at 
12' 5- C. The inactive acid is more soluble in water than the active acid, 1 port of it 
di.'isolving in 208 pts. of water at 13*5® C. It dissolves veiy easily in hydrochlorio 
and in nitric acid. The solutions have no action on polarised light. (Dessaignes, 
Pfisteur.) 

Aj^pailic acid is decomposed by heat, giving off ammonia and a faint empyrenmatic 
odour, Uko that evolved in the destructive distillation of animal substancses. It is not 
acted upon by boiling with hydrochloric acid or with dilute sulphuric acid, but when 
licutcd with strong sidphuric acid, it decomposes, and sulphurous acid is given off It is 
not decom^xised by pure nitric aci<h but if nitrous acid is also present, as when nitric 
oxide gas is passed through a solution of aspartic acid or nitric acid, the aspartio add 
18 converted into malic acid, with evolution of nitrogen gas : 


2Cm»NO^ + 

A*partic 

acid. 


2C«H*0» + N* 4- H»0 

Malic 

ackd. 


Compoun^ of Aspartio Acid with Aaids.-^'Both the active and inactive varieties of, 
aspartic acid dissolve in the stronger acids, formiug definite compounds, which by 
evaporation over the water-bath, or better by spontaneous evaiwnitioD, are obtained ill 
crystals. The compounds are active or inactive to polarised ligbti according as th^ 
ar^btaiued from the active or inoctiTe acid. 

Tlieoe^iM hydroekloraU^ C^^0\C1H, forms ciystaJs belonging to the.trimetrio 
•ystem; they ore prisms with angles of about 96®, very much truncated on two 
opnosito latml edg^ and terminal byflkoes inclined at an ai^e of about 115®, and 
belongt^ tp an iir^iular tetrahedron. The crystals dejiquetoe in thenur, the aspart^ 
acid being set flree. They are decomposed by solution in water, but the idditm^g 
^ drops of hydrochlorio acid prevents the decompoeition. fl^pedfle xotatoiypMfMv 
w ^6 solution 24*4®. The erystals are decomposed by heat, giving off wah^ mA ( 
nydrpchlorie add, and leaving ftimarimide. The crystals of the imMm 

belong to the monoeUnie system, and diflhr altogether in qppeoniidi SM . 

MM i 
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of the aetiTe oompotmd. Ordinazy combination a»P.aeFaB. — 

Indination of the faces oF : ooF » » 119^ 46' ; » F oo ; oo F » 123°. l^e oystab 
are nearly unalterable in the air, only in summer losing fheir lustre and transparency, 
and becoming milk-white on the suzface. They decompose when dis6<dved in water, 
but the inactLYe acid being more soluble than the actiye acid, is not precipitated ; 
however, alcohol be added, an abundant precipitation takes place. The mactiTe by- 
drochlorate is decomposed by beat like the active salt. 

The atdphate^ G^H^NO.SO^H^ is obtained by gradually adding aspartic acid to strong 
sulphuric acid heated to 60° or 60° C. in a wide glass tube, and leaving the tube dom 
for a few days ; it then separates in large agglomerated prism^ which are lighter than 
the mother-aquor (Dcssaignes). The nitrate is obtained, like the bydroddmte, in 
beautiful crystals. 

Asvabtatbs. — A^ artic acid is monobasic, the formulee of its normal salts being 
C^H*MNO* and It likewise forms basic salts, the composition of which 

is not very clearly made out. The aspartates of the alkali-metals are soluble, and taste 
like broth. The active and inactive aspartates agree in composition, and in most of their 
properties, differing only in solubility, crystalline form, and relation to polarised light. 

The ammonium and potaaaium salts are very soluble and difficult to crystallise. 

The sodium^BidtBf C*H*NaN0Ml*0, are obtained by neutralising Uie acid with 
caustic soda or its carbonate, -and leaving the solutions to evaporate slowly; thqr 
are perfectly neutral. The active Balt ciystalUses in prismatic needles belonging to 
the right prismatic system, and terminated by faces of a tetrahedron inclined to one 
another at about 106°. The four faces of this tetrahedron are either present alone^ or 
are much more developed than those of the opposite tetrahedron, which, if e^n^ly 
developed with the former, would constitute a rhombic pyramid ; 1 part of this salt 
dissolves 4u 1*12 pts, of water at 12*2 G. The specific rotatory power of the solution 
is **2° 23'. The salt gives off its water of crystallisation at 160° C., turns yellow and 
gives off ammonia at 170°, and froths up considerably at higher temi^ratares. The 
InactivB Bodium-Bolt crystallises in the monoclinic system, the orc^ary combina- 
tion being <» P . oo F oo . oP . + F. Inclination of the faces, oF : oo P oo m 144° 46' ; 
Qop : ooP, in the plane and of the oblique diagonal and principal aids » 61° 38' ; 
+ F : + P • 112° 63', The salt often forms twin-crystals, wfth the face of junc- 
tion QB F oe. One pt. of tbe salt dissolves in 1*19 pts. of water at 12*6° C. 

Normal 6arinw-s<i//, C*H**Ba'l{*0".4H*0. — ^Tho active salt crystallises in veiy slender 
silky needles soluble in water, and giving off 14*4 per cent, water at 120° C. (Des- 
sa i gn e b). The inactive normal salt forms an unciystallisable gummy mass (W o 1 f f). 
The baaic barium-salt is obtained by gradually adding hydrate of barium to a hot and 
rather strong solution of the normal salt. The liquid solidifies on cooling in a erystal- 
lliie mass, but by reczystallisatfon from boiling water in a vessel protected from thfi 
carbonic acid of the air, this salt may be obtained in rather large snioing prisms con- 
taining + 6H*0. In vacuo, the crystals give off 3 at. water ; when 

heated to 160° 0. they lose 16’4 per cent., and the residual salt contains, according to 
P^saignes, 67 '06 per cent. BaO, agreeing nearly with the formula C*H*Ba"NO% 
which requires 67*66 per cent. This is the formula of the normal salt of a dibasic 
acid ; but since aspartic acid is in all probability an amidogen-scid, and such acids are 
always monobasic, it is rather to be supposed that the true formula of the salt dried 
at 160° C. is C*H‘*Ba"N*0".Ba"0. This formula requires only 56*0 per cent. BaO; 
the greater proportion obtained by Bemignes may Imve been aue to the presence of 
carbonate of barium. (Gerhardt, Traite, i, 818.) 

The normal caleium~$alt is gummy, and tastes like the sodium-salt. The baaie salt 
fkequenUy forms prismatic cmtals Containing C*H'*Ca"N*0*.Ca''0 + 7H*0 ; accord- 
ing to Dessaignes, it gives off 8 atoms of water at 160° 0., and is tlien reduced to 
C%*Ca*'NO*. 

Mdmeaiim-BaltB , — ^The normal salt forms oystaillme crusts, soluble in about 16 pts. 
of boiling water, insoluble in absolute alcobol. The basic salt obtained by dissolving 
magnesia in the normal salt is a gummy m ass. 

Aspartate of Zinc is a white non-deliquescent salt. AapartaU of nickd is obtained 
by evaporation in a green fissured mass. An aspartate of tfw is jpreeipitated on add- 
ing a solution of basic aspartate of magnesium to seequichloride of iron. 

A^rtatea of Copper, — The nonuM salt of the active acid exists only in solutioo. 
A basic salt is obtained by adding a solution of the normal barinm-salt to a hot soln- 
tton of aulii^te of copper. The Uqnid on ooolinsr deposits pitie blue, very light ciys- 
tala which, according to Dessaignes, contain OH*Cu'Tt(F.6H*0 (or rather, peorliape, 
C*R*Kht'^N*0'.Cu''0 4 - 9HK)), and give off their water at 160° leaving the an%- 
^hous salt OH^Cu^KO^ Inactive aspartate of ammonium forms a bluish precipitate 
Sith copper-salts. (Wolff.) 
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jbpariaU 9 ofZttti , — The aonnel lead-ealt, U obtained by predp- 

tatin^ solution of acetate of lead with aspartate of potassium or hano aspsi^te of 
calcium. On mixixig an ammoniacal solution of nonnal acetate of lead wita inaotiye 
aspartate of sodium, a curdy precipitate is formed, and the filtered liquidi if dilated 
a cousiderable quantity of water, deposits, after two or three days, nacreous 
cmtals united in Teiy hard spherical masses. These crystals are anhydrous, and 
contain 63*88 per cent, of lead-oxide, treeing with the formula C»H“Pb^*0*,Pb*0, 
which requires 64*6 per cent PbO. The formula C<H*Pb"lfOS analogous to that of 
the basic aspartates examined by Dessaignes, would r^uire 66*1 per cent.^ of lead- 
oxide (Pas t eu r). The sodium-salt of active aspartic acia also forms apr^pitate with 
nmmoniacal acetate of lead, and the liquid afterwards deposits hard i^iatM nodules 
containing 65 per cent lead-oxide ; those, however, are nothing but s basic acetate of 
load. (Pasteur.) ► 

Aspartate of Afwvury. — ^BCereuric oxide, boiled with aspartic acid, forms a white 
powder, containing, when dried at 100«>, C“H**HgfN*OMIg''0, a composition analogous 
to that of Pasteur’s basic lead-salt. (Dessaignes.) 

Aspartates of Stiver . — When nitrate of silver is added to a slightly alkaline solution 
of aspartate of ammonium, a precipitate is formed, which disappears on stirring, and 
tiio liqui^ after 24 hours, yields white, hea^y, entangled crystals of a basic salt. The 
inothor-liquor, left to ciyBtalliser.^deposita yellowish crystals of the nonnal salt, 
l'*H*AgXO\ The basic salt appears to 1 m C^H*Ag*0^ This formula r^uires 
(i6'86 per cent, oxide of silver, and the mean of several analyses made by dinorent 
i'lu'mists, and not differing by more than 0*2 per cent., gives 66*7 per cent. This salt 
a]ij>e:ir.s then to bo really a dibasic aspartate. Pasteur finds, however, that the same 
halt^ when merely press^ between paper, and then dried for 24 hours at the ordinary 
tfmi>craturc, agrees in composition with the basic lead- and mercuiy-salts, its formuut 
being 2C^lI*AgN0\Ag’0. The active and inactive acids yield silver^aults identical in 
o<>in]tosition. (Pasteur.) 

Asnar tate (7) of When malato of ethyl is saturated with dry ammonia- 

gas, the liquid becomes heated, and in a few days solidifies to a radiated ciystaUine 
11 U 188 , which, after being drained, and then washed with ether, consists of pure mala- 

mate (or aspartate) of ethyl, ( O. By further treatment with funmonia, it 

is converted into malamtde [ 7 asparagine]. (Pasteur.) 

ASVABlO&m. A variety of eordteriie [3(Mg^O.SiO>) + Fo^'O.SiO* + 

2( 2Al*0*.3Si0*)], in which the magnesia is portly replaced by water. The two 
iiiiiu|ral8 ciystallise in the same form, and crystals are found consisting partly of 
ciiiHlicnte, j^ully of aspasiolitc, the most complete tonsitions from one to toe other 
o«'curring in the same specimen. Moreover, both minerals contain the same propor- 
1 inns of silica and alumina ; but aspasioUte contains less ma^esia and more water 
1 ban cordierite, the difference being that 1 at. of ma^osium m the latter is replaced 
by 3 at. pf hydrogen in the former (or 1 at, of magnesia by 3 at. of wafsr). Similarly 
it is found that 1 at. of iron or manganese may be replaced by 3 at. H without altera- 
tion of crystalline form. This kind of isomoimbism, called polymeric ^moipfaism* 
was discovered by Scherer; it was first noticed in the minerals cordierite and aspa- 
siolite, (Pogg, Ann. Ixviii. 319.) 

ASPSKTJUrarxo Aozn. A variety of tannic acid obtained by Soh warti (Anu. 
<'h. Pharm. Ixxx. 333) to be contained in woodruff (AeperuUi adorata), Senwan 
assigns to it the formula C'*H*0*, but it does not impear to have been obtained in 
a state of purity. (See also Bochleder, Ann. Ch. Phann. Ixxxiii 64.) 

AsnmnbA OltomAXAu The herb of this plant contains eumarin, aq>ertaimio 
acid (?), rubicbloric acid, citric acid, and probably catechu. , 

ASnuk&iT. Comj^t Bitumen, Mineral Bitch, Jetde Pitch, Bitumen Judedeum, 
JudenpeeJ^ Erdpech, Bergpech, Goudron minlral.-^A. smooth, bard, brittle, black, 
or brownish-black, resinous mineral, having a oonchoidal fractursi and a atraak Ughtm* 
than the broken sur&ce with whi^ it ia made. I^)edflc gravity 1 to 1*68. Odour 
t'ituminous, becoming stronger by friction. Melts at about 106° C., easily takes fir^ 
and burns with a bright, but very smoky flame. Like aU bituminous sobrtaaeea^ it is 
a product of the decomposition of vegetable matter, consisting chiefly of. hydroeariMiis, 
with variable quantities of oxygen and nitrogen, and hy diy d i s till a tio n a small 
qaantity of ammoniacal water, a peculiar ompyteumatic oil, and a leridne of diarooal 
mixed with variable quantities ofliiorgsnie matter. It dl^lves partially in slo^tol* 
leore easily in oils tioth fat and valati&: it is also dissolved by al k al i s and s l kaHa tf 

carbonates. P 

^ ^ ■I t ia found in most parts of the w-'rid^ sometimes pure^ sometimes aasoeist||| 
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with Tftridus miiifiraliB. . Tho name or crude asphalt is appHed to Tarions rooks 
more or less impremat^ with bitumen. Fw asphalt is found on the shores of the 
Dead Sea, issuing from the earth in the liquid state at the bottom, and rising to tho 
surfSsee, where it forms solid lumps, which are thrown upon the shore. In Trinidad 
tliere is a lake of bitumen 1^ mile in circumference, cold and solid near the shore, but 
gradually increasing in temperature and softness towards the centre. Asphalt is also 
found, more or less pure, in Cuba, ^uth America, and various parte of Europe. 

At Seyssel, near the Bhone (Dept, de TAin), it forms a deposit 2500 ft. long and 
800 ftk broad, yielding about 1500 tons annually. At Bechelbrunn and Lobsann, in 
the liOwer Bhme, a v^id bituminous mass is found, ctdi^i^graiese de ^rtiehourg^ toge- 
ther with a ferruginous sandstone, containing about 12 per cent, of bituminous matter. 
At Baatennes and Dax, in the D^partement des Landes, there is a siliceous sand, im- 
pregnated "with about 6 per cent, of bitumen. In the Val de Travels, Keufchktel, 
there is a cretaceous formation, strongly impregnated with asphalt, which is used for 
building purposes. In the British Isles, asphalt is found at the Poldice mine in 
Cornwall ; near Matlock in Derbyshire ; at Haughmond Hill in Shropshire ; and at 
the Hotwells near Bristol ; also in limestone near Glasgow ; in freestone near Edin- 
burgh ; in the sandstone of Caithness ; and generally throughout the Orkney. 

Asphalt is separated from the minerals -with which it is associated, either bv boiling 
with water, which causes the bitumen to run out in the melted state, or by the action 
of hydrochloric acid, which dissolves carbonate of calcium and leaves the asphalt, or 
with oil of turpentine, which dissolves out the bitumen. 

The following table contains the results of aniilyses of various kinds of asphalt : 
a is asphalt from Coxitambo inPeru ; h from Bastonnes ; c from Pont-du-ChAteau, 
Auvergne ; d from the Abnizzi near Nax>les ; e from Pontnavey ; /from Cuba : 


BonBilngauU.* F.belmen.t RegnauU.t 
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a 

b 

c 

e 

/ 

Carbon . 

. 88-63 

88-70 

78-50 

76-13 

77-64 

07*43 

81-46 

Hydrogen 

. 9-09 

9-68 

8-80 

9-41 

7*86 

7*22 

9*67 

Oxygen J 
Nitrogen) 

. 1-68 

1*62 

2*60 

1*65 

10*34 

2-32 

8-35 

1-02 

23-98) 
1*37 5 

• 8-97 

Ash 

. — 

— 

8-45 

1-80 

5-13 

— 

— 


100-00 

100-00 

100-00 

100-00 

100-00 

100-00 

100-00 


According to Bouasingault (Ann. Ch. Phys. [2] Ixiv. 141), asphalt or compact 
bitumen is a mixture of two definite substances, viz. asphaltene^ which is fixed and 
soluble in alcohol, and pdrolene^ which is oily and volatile. The greater part of the 
latter may be volatilised by distilling the asphalt with water. 

Pitrolene (from the asphalt of Beclielbninn) forms, when dried over chloride of 
calcium and rectified, a pale yellow oil having a faint taste and bituiniiious odour. 
Specific gravity 0-891 at 21® C, Does not become solid at 12® C. It stains paper, 
and burns with thick smoke. Boils at 280®, forming a vapour of specific gravity 9*415. 
It contains, according to Boussingault, 87*2 per cent, carbon and 12*1 hydre^en, agree- 
ing nearly with tho formula C-”H*‘^ w*hieh for a condensation to 2 vols. gives the 
vapour-density 9‘6. 

Asphaltene is obtained pure by heating asphalt for 48 hours to 250° 0., whereby 
^he petrolene is completely volatihsed. It is a black solid sul>stance, having a strong 
lustre and conchoidal fracture. It becomes soft and elastic at about 300® C., decom- 
poses before it molts, and bums like a resin. It gives by analysis 74*2 per cent. C, 
and 9*9 H, whence Boussingault deduces the formula Gerhardt prefers 

C*H*K)*, and suggests that asphaltene may be formed by the oxidation of petrolene. 

Asphalt-oil , — Asphalt yields by dry distillation, a y^ow oil consisting of hydro- 
carbons mixed with a small quantity of oxidised matter. It begins to bou at 90® 0. 
but the boUing point gradually rises to 250®. The portion boiling between 90° and 
200® has a speeific gravity of 0*817 at 15® C.; that which boils between 200® and 
250® has a specific gnavity of 0*868 at 15® 0. J^th portions gave by analysis about 
87*5 per cent, carbon, 11-6 hydrogen, and 0*9 oxygen, which is nearly the composition 
of oil of amber. (Volckel, Ann. Ch. Pharm. Ixxxviii. 139.) 

Asphalt-oilf treated with nitric acid, is transformed into a resin, having the odour 
of musk and the taste of hitter almonds. On treating the oil with strong solphurio 
aeid, part dissolves, while the rest floats on the surface. This latter, when decanted, 
washed with potash, and rectified,- yields an oily mixture, whose boiling point ranges 
tern 90® to 250® C., and density from 0*784 to 0*867 at 16® C. Salgectod to frno* 
tional distillation at intenraU of 20® or 30^ C., it yidds a number of oils gradually 

* Ann* Ch* Phyt. [S} laxUL 4tt. t Ann. Min. xt. S23. % Dinfl- polytechn. J. lavtii*Mn. 





jncroBiwng in denai^. but agreeing >eiy nearly in compoaitionp the mean reeolt of Ihtir . 
analynifl b^g 87*5 per cent carbon* and 12*5 H* a propt^on agreeing with the 
formula nC*H^ It agreea also with J^ussin^ult’s analyBis of petrfiene. . All these 
oils hare nearly the same odour* are insoluble in water, but Teiy soluble in alcohol 
and ether. Strong salphurio acid scarcely attacks them. They are insoluble in strong 
nitric acid, and on boiling the liquid, the nitric acid volatilises, and there is formed a 
veiy small quantity of a Wvy yellow oil. 

Asphalt was used by the ancient Egyptians in embalming, and appears to have been 
employed in the construction of the walls of Babylon. It is now used, mixed with 
eand* chalk, ground sandstone, dec., for pavement, for making water-tight tanks and 
covers, as a coating for tubes of glass and iron used for conveying gas or water, and for 
various other purposes of like nature. 

Artificial or Gas-tar Asphalt is a mixture of sand, chalk, or lime-stone, with the 
thick pitchy residue obtained by evaporating off the more volatile portions of gas-tar. 
The mineral substance must be strongly heated to expel moisture and adhei^ air, 
the presence of which would prevent the pitch from penetrating thoroughly into the 
pores of the mineral, and added to the pitch while in the mcli^ state. The pitch 
liifiould also be very strongly heated, but not enough to char ih This artificial asphalt 
is used in the same way as the natural asphalt, for pavements, tanks, &c. 

ASPAOBB&irS- The bulbs of AsphodUe de Sardmgne., of Asphodelus racemasus, 
and other species of the same genus, are said to contain a fermentable substance firom 
which alcohol may bo prepared. According to Landerer, an excellent glue may be 
obtained from the bulbs of A, race?nosus and A. Jistfdosiis by washing them with 
water, drj'ing them thoroughly in a stove, grinding them to coarso powder, and 
mixing the powder w'ith water. 

BBPnULTOX. An apparatus first devised by Brunner for drawing a stream of 
air through a tube or other vessel. The simplest form of it is a cylindrical vessel 
A (Jiq. 76), of zinc or tin plate to hold water, having a cock a near the bottom, and 
thn'o apertures closed with corks b, c, d on the 

top, b is connected with the vessel through Fiff, 76. ' 

which the stream of sir is to be drawn ; c is for ^ 

the insertion of a thermometer, and d to pour 
in w^ater. The vessel A being filled with water, 
the apertures c and d cloa^, and the cock a 
opened, the water runs out ; and as air can only 
niter by the bent tube e, inserted into the 
opening b, a stream of air is drawn through the 
apparatus with which the other end of this tube 
is connected, the volume of air thus drawn 
through being exactly equal to that of the 
water wliich runs out at A. Instead of the 
metal cylinder, a glass vessel may be used, 

I laving a stopcock at the lower part of its 
side. 

Regnault, in his analysis of air, used a cy- 
lindrical metal vessel with conical terminations. 



and having at the bottom, a stopcock to which was attached a short glass tube bent 
upwards, so that the small column of liquid which remained in it when the vessel was 
emptied of water might prevent air from entering at the bottom The advantage of the 
conical terminations is that the vessel can be more completely filled and emptied, 
and the volume of water which runs from it, more exactly measured. 

In all these forms of aspirator, the refilling of the vessel with water is rm 
troublesome, especiaUy when large quantities of air are to be drawn tbrouglL 2% 
obviate this inconvenience, an aspirator has been contrived l^Brunner, con&tiiig ox 
two equal cylindrical vess^ pla^ one above the other and communicating bj tubes 
which can he opened or closeA so that, when the water has mn^ team the upper to 
the lower vesset the apparatus, turning for the purpose on a horiaontal axis, may be 
inverted so as to bring the empty vessel to the bottom, and the full one to the top; 
the water may then be again made to run without the trouble of refilling. 

M ohr’a aspirator bas the form of an ordinarv gasometer, consisting of two (ylindrieal 
vessels, the inner of which, of rather smaller diameter than the outer, is closed at tqp^ 
and inverted in the outer which contains water. The inner vessel is bslsneed by a 
weight passing over a pulley, as in the lioge gasometers used at gas-woriES. The vessel 
through which the air is to be drawn is connected with the inner vessri a bent 
tube p aari^ throogh the outer vessel near the bottom and tenuinatuig wtthls tiSi 
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A flfmple apparatus, semng both for aspinitor and penspirato is described hy De. 
F. GathrieCPhil. Mag. [4J xr. 64). 

An i^irator which works bj a constant stream of water and does not muirs 
any filling or emptying of vessc^ has been contrived hy M. W. Johnson (Chem. 
3oc. Qo. J. iy. 186). The principle of this apparatus is the same as that of the water- 

blast used in the Hungarian mines. The apparatus 
consists of a small hollow cylinder A, of brass or glass, 
open at both ends, and (connected with the vessel 
through which the air is to be drawn, by the lateral 
tube O. A straight glass tube B is fitted to the lower 
end of the cylinder A, and the upper end of that 
cylinder is attached by a caoutchouc tube to a water- 
tap supplying a constant stream. On oj^ning the tap, 
the water, as it runs down, carries the air in the cylin- 
der A along with it and air in the lateral tube C 
is then driven in by the external pressure. In this 
manner, a stream of air is made to pass from C to A as 
long as the water is running. It is best not to open 
the tap to the full. For a cock f of an inch in 
diameter, the cylinder A may be 2 in. long and f in. 
wide ; J? 1 in. long and | in. wide ; C also 1 in. Jong 
and 2 in. wide. The volume of air drawn through this 
aspirator is not equal to that of the water wliich runs 
away. With the tube By 8 in. long and | in. wide, John- 
son found that, for every cubic foot of air drawn in, only 
0*G9 cub. in. of water was expended. It is clear, 
therefore, that this form of aspirator cannot be used 
when the volume of air drawn in is to be exactly 
measured. In that case one of the aspirators before de- 
scribed must be used. When only small quantities of 
water are run out, it is sufficient to receive the water 
in a graduated measure and determine its volume 
directly. When a large aspirator is used and has to 
be filled several times, its capacity must bo previously determined by filling it with 
Water from a flask of known capacity. 

This volume of air determined by direct measurement of the water run out, must of 
course be reduced to the standard pressure and temperature, 0® C. and 760 mm., the co- 
efficient of expansion for each degree centigrade being 0*003665. A correction is also 
required for the quantity of aqueous vapour in the air, which is saturated with mois- 
ture. To determine the alteration of volume thus produced, we must look in the tables 
of the tension of aqueous vapour for the tension corresponding to the observed tem- 
perature. Let this tension expressed in millimetres of mercuty be^; also let h denote 
the height of the barometer, t the temperature in centigrade degrees ; v the observed 
and i/ the corrected volume of the air : then 

^ 1 

760 • 1 + 0*003665 . t 



AMMAXiOJS or tTBSiLOir* The Brazilian name for the Hura hrasiliensta Martiua, 
a ou}>horbiaceou8 tree, the bark and sap of which contain an acrid very poisonous 
principle. The thickened sap and the decoction of the bark exert an emetic action^ 
produce ulcerating pustules on the skin, and are used as a remedy for elephantiasis. 
The natives also use them to pr^are poisonous drinks, against which no antidote is 
known. (M4rat and Gilbert, Pharm. Centr. 1849, p. 30.) 

AB jl AWIAM . (From assare to roast, and amarua hitter.) This name was givmi 
by Beichenbach to the peculiar bitter substance produced when gum, sugar, stordi, 
gluten, moat, bread, &c. ore roasted in the air till they turn brown. Beichenbach 
(Ann Ch. Pharm. xlix. 3) prepares it by roasting thin slices of bread till they become 
black-biovm, treating the pulverised product with absolute alcohol, evaporating to a 
OTTup, again treating with alcohol, Ac. till a residue is obtained completely soluble in 
alcohol. The alcoholic solution is then mixed with ether, which precipitates a peculiar 
bro^ substance ; the decanted liquid is evaporated ; and the residue carefinBy heated 
till it is diy. Volckel (Ann. Ch. Pharm. Ixxxv. 74) prepares assamar in a siiiiilar 
manner, feom the brown tarry liquid obtained by the diy distillation of sugar or 
caramel, after neutralising the acid contained in the liquid with carbonate of B^um, 
and evaporating; 

Assail, according to Beiriienbach, is a yellow transparent solid; butaooordii^ 
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to Vijltilrf>T It in ik i 6 ddi 8 h*yoll( 0 v lympy lti[|iiid, whioli doon not soKdtl^ tiH it bc^guMi 
to dooompoae. It ii ottremely bygroeoopte, and diasolTOS in water in all pioposrtiona. 
Wbe^eatSi, it mdta (Beiehenbachl becomes more fluid, and at 100^ C., deoompoaea 
and becomes darker in colour, after which it no longer disaolves completelv in water 
(Volckel). The aqueous solution is neutral, and reduces nitrate of suTer when 
heated. is dissolved by potash, and acids precipitate from the solution, a body 

of different composition. Vdlckol assigns to assamar the formula ; but it is 

doubtful whether the substanee so-caUed is a definite compound, or has erer bee« 
obtained in the pure state. 

ABTSR TBXFOXircrK* Sea StarworL — The ash of this plant, which grows in 
salt-marshes, is very rich in (boride of sodium. The several parts of the plant 
cathered towards the end of September, were found by Harms (Ann. Ch, Phorm. 
xciv. 247} to yield ash of the composition and amount given in the following table : 


Ash per cent ^ ^ • 

Containing, in 100 pts., after 
deducting charcoal and sand • 
Carbonic acid (anhyd.) 
Sulphuric acid (anhyd,) 
Phosphoric acid (aimyd.) 
Silica (anhyd.) 

Chloride of sodium • 

Chloride of potassium 
Soda . , • • 

Potash • « • • 

Lime • • • • 

Magnesia . . • 

Sesquiphosphate of iron • 

!Manganaso-manganic oxide 


Boot-lssrei. Stems. 

14*0 3*7 


. 3*4 3*3 

. 2-7 1-8 

. 2*0 0'6 

. 0*0 0*0 

« 65*5 68*5 

. 3*7 14*1 

I 18*6 2*5 

. 5*0 4*5 

2*2 2*2 
. 1*1 2*1 

• trace trace 


Stem-leavet* 

Flowen. 

16*2 

9*4 

4*2 

8*7 

4*1 

10*5 

1*7 

10*8 

0*8 

1*0 

60*2 

30*0 

14*0 

1*4 

6*1 

25*4 

4*8 

7*2 

1*7 

5*7 

2*3 

4*0 

trace ^ 

trace 


ABTXJhCAXrXTII. A native sulphate of magnesium and sodium, 80*(Mg^';Na*h2lj[*0, 
occurring in white, opaque, prismatic crystals, together with ordinary sulphate of 
magnesium, in the bitter salt-maishes on the eastern side of the mouth of the Volga, 

ASnUk&xm. A glass flux resembling arenturin, but containing crystals of a 
t iinrous compound, which by reflected light exhibits a dichroitic iridescence of ^rk 
rod and greenish- blue. To prepare it, a mixture of 80 pts. of sili^ 120 lead-oxidi^ 
72 carbonate of soda, and 18 anhydrous borax, is flmca either vdth 24 pta of scale 
oxide of coi^por, and 1 pt of scale oxide of iron, or with 6 pts. of lime, 26 scale oxide 
rd copper, and 2 scale oxide of iron. The mixture is fused in a hessian crucible^ at 
flic heat of an ordinary air-furnace, and left to cool slowly in the furnace. The first 
mixture melts more easily than the second, and yields laager crystals. The dichroitio 
iri<l<>8ccnce is particularly beautiful on cut and polishccl surfaces. (Pelt on k of or, 
AlihandL d. naturw. techn. Commission bei d. Akad. d. Wiss. zu Mun<^en, p. 134.) 

ftJintOFnxUTB. A variety of mica found at Brevig in Norway. It con- 
tains silica, alumina, ferric oxide, magnesia, potash, soda (a trace), ferrons oxide, 
iiiaiiganous oxide, lime, and about 3 per cent, of water. The amount of iron^ is 
unusually large. Pluorino ia absent. Before the blowpipe it melts easily, and with 
intumescence. Colonr pinchbeck-brown, varying to nearly a golden^ellow in the 
thinner parts. The crystals are often united in beautiful stellate and floral groups: 
hence the name. (Seheerer, Beig-u. hiittenmannischo Zeitnng, 1854, s. 240.) 

ATACAMXTJBa A native oxychloride of copper, originally found in the desert 
of Atacama in Peru, and since observed in other localities, viz. in some silver mines in* 
Peru, in the districts of Huasoo Bigo and Aconcagua in Chili, in the lavas of Vesu- 
viua, sod in the mines of Sehwanenberg in Saxony. Aecording to the analyses qf 
KUproth, J. Davy, Ulex, and Mallst, it eontains Chi"a*.3Ca'H*0*, or CuCl + 
Berthier (Bammslsb. Handw. i. 55) found in n specimen ftomCobnn 
t^ce the amount of water given W the above formula. F. Field (Chem. Soe. Qo. J. 
vii. 194) deduces trma his analysis of a specimen from Gopiapo in Chili the farmula 
CttCI 4- ^OuO + 6HD,or Cu'Cl*.3Ca"H*0* + 2H*0. It fonns small rhombic cryst^, 
varying in colour firom leek to emeraldjpwen, and ^nerally ag^psgated in erystalline 
^ups. According to Honteiro (PhiL 2iag. [4] xiiL 470), it occurs at Serm do 
Bcmbe near Ambriz, on west coast of Anrica, in small translumt mstals, 

. P 00 , on malachite and quarts. It dissolves easily and completely in aciaSt and 
in ammonia. It is nsed for the sxtiaction of copper. 
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ATHAMANTA— ATIffiMA^STITE. 

ATH ABCA3fTAi OMBOMELmM. The root and seeds of this pUnt eoatam 
a peculiar bitter substance, not yet examined, together with A th a m antin (see next 
article). The leaves contain, not athamantin, but a bitter principle and a rolatile oil, 
which is obtained by distilling the herb with water. This oil has the composition of 
oil of turpentine, C**H*"; it smells like elder, has a density of 0*841, and boils at 
163‘^C. With hydrochloric acid gas, it forms an uncrystiUHsable liquid, wliich is 
colourless after distillation, lighter than water, and boils at 190° C. It does not appear 
to be related, in composition or properties, either to athamantin or to oil of valerian, 
which is produced by the decomposition of the latter. (Schnedermann and 
Winckler, Ann. Ch. Pharm. li. 336.) 

ATBABCAMTTXiar. (Gm. xii. 101 ; Gerh. iv. 269.) - A substance exist* 

ing in the root and seeds of Aikamanta orposelinum^ and other species of the same genus. 
It was first obtained in an impure state by Winckler (Buchn. Repert. xxvii. 169), 
afterwards prepared pure and more completely examined by Schnedermann (Ann. 
Ch. Pharm. li. 315). It is extracted by treating the roots and seeds with alcohol. 
The solution, if not too concentrated, yields the athamantin, by spontaneous evapora- 
tion, in crystals, wliich may be purified by pressure and recrystallisation. It forms 
colourless, fibrous, silky crystals, or sometimes rectangular prisms with truncated sum- 
mits; has a ]tancid soapy odour, and a slightly bitter acrid taste. It is insoluble in 
water, and melts in it at the boiling heat, in -drops which sink to the bottom of the 
vessel. It dissolves readily in alcohol and ether, and the solutions are not precipitated 
by metallic salts. It melts between 60° and 80° C. It iloes not volatilise undecom- 
posed, although it can sustain a tolerably high temperature witliout decomposition. 
J3y dry distillation, it yields vulerianio acid and other products. 

Melted athamantin absorbs hydrochloric acid gas, and appears to enter into com- 
bination with it, but on raising the temperature to 100° O., doeoni position takes place, 
and the athamantin is resolved into valerianic acid and oreosclone : 

J V , 

AthnmaiUiii. Valerianic Oreoselone. 
acid. 

When hydrochloric acid gas is passed into an alcoholic solution of athamantin, the 
products formed are oreoaelone and valcrato of ethyl. Sulphurous acid acts on athaman- 
tinlike hydrochloric acid, a cry wtullino compound being formed at first, and soon after- 
wards oreoselone, valerianic acid, and .sulphurous acid gtis. Concentrated sulphuric acid 
^sBolves athamantin and decomposes it in like manner. Athamantin heated with 
caustic potash, yields valerate of potassium, and a white amorphous substance, which 
appears to be a hydrate of oreoselone. Lime-water and baryta-water act in the same 
manner, but more slowly. (Sec Oreoselonb and PEucuDAJnN.) 

Trichlorathamantin^ is a light yellow resinous body, produced by mixing 

an alcoholic solution of athamantin with water, and cautiously ^ding dilute chlorine- 
water, till the liquid smells slightly of chlorine. A corresponding hromine-compoimd 
appears to bo formed by treating athamantin with bromine-water. 

Trinitrathamantin^ C*^H’'^(NO*)*0’, is fonneil, together with other substitution- 
products, by the action of cold fuming nitric acid on athamantin. Precipitated by 
water, it is a yellow pulverulent substance, scarcely wetted by water, easily soluble in 
alcohol, ether, and ammonia, slightly in dilute nitric acid. (Geyger, Ann. Ch. Pharm. 
cx. 359.) ' 

ATBAIVOIL or AOABOR> Pitjer Hcfiricus, Fottmean des paressetiar, — A kind 
of furnace, which bus long since fallen into disuse. The long and tedious operations 
of the ancient^ chemists rendered it a desirable requisite, that their fires should bo 
constantly supplied with fuel in proportion to the consumption. The athanor fum^ 
was peculiarly adapted to this purpose. Beside the usual parts, it was provided with 
a hollow tower, into wliich charcoal was put. The upix?r part of the tower, when 
filled, was closely shut by a well-fitted cover ; and the lower part communicated with 
the fire-place of the furnace. In consequence of this disposition, the charcoal sub- 
sided into the fire-place gradually as the consumption made room for it ; but that 
which was contained in the tower was defended fiom combustion by the exclusion of 
u proper supply of air. . U, 

ATBAJB or ATTAJt* The Indian name of volatile oil of roses. 

AnUUtZABTZrau The name given by Weibye to a mineral from Ar^dal* 
bearing an external resemblance to seapolite. In composition it appean to be relat^ 
to epiaoto, as will be seen by the foliowii^ comparison of its analysis by Berlin 
(Fogg. Ann. l«iv 302) with that of epidoto mm Arcndal by Scheerer {itidm 
xevToOS). 
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AtherUitlte. 

Epidote. 

Siliea * 

a 

.. 38*00 

87-59 

Alnmlto 

« 

. 2410 

20*73 

Feme ddde . 

• 

. 6*22 

16*57 

Lime ^ • 

. 

. 22*64 

22*64 

Magnesia 

a 

. 2*80 

0*41 

Water . 

• 

, 6-96 

2*11 



100*71 

100*05 


Berlin does not state whether the iron in atheriastito is present as a ferroius or as a 
ferric compound ; but it is probably all in the form of ferric oxide* (Sc h e er er, Handvr* 
d. ClienL 2** Aufl. i. 405.) 

ATXJIB 01t3B« See Malachitb. 

ATZ^AB SPAlti See Satin Sfab. 

ATMmYTBUW* The name giren by Kane (Compt. rend. ix. 656) to a pro- 
duct which rolatilisos in red vapours, and condenses in reddish-green laminie, in the dry 
distillation of litmylic acid (eiythrolitmin) and litmic acid (a mixture of acolitmin 
and fipaniolitmiu), with lime. 

AT1ICZX>08C0PS. An instrument invented by Babi net (Compt. rend. zxviL 
529) to measure the rate of evaporation. 

ATM08PB3BR1I. The gaseous envelope which surrounds any solid or liquid 
body is called an atmosphe're (dr/iff smoke, atpaipa globe); thus we speak of the atmo- 
sphere of oxygen which spongy platinum attracts to its surface, or of the reduction of 
a metal in an atmosphere of hydrogen. The term atmosphere is, however, especially 
employed to designate the gaseous matter w'hich encircles the solid and liquid portions 
of the earth’s surface, forming the air or eiu'th's atmosphere. 

Of the existence of matter above the visible crust of tlie globe we have striking 
evidence in the resistance offered to bodies moving near tho earth’s surface and 
in the eifeets produced by wind; but the most direct proof that the air is attracted 
by the solid and liquid portions of tho earth’s body, or that the air has weight, is 
artbrdeKl by the fact that a vessel filled with air weighs more than the same vessel 
from wliich tfie air has been removed, and that u closed vessel filled with air weighs 
hfnii in the atmosphere than it does in a vacuum. Tliat the air possesses weight was 
even before the time of Aristotle; but Galileo, in 1640, was the first who gave 
t he right explanation to the fact obsen’ed by the Florentine ptmip- makers, tliat they 
were unable to raise water by u suction-pump more than 32 feet, iiml supposed by 
tliern to show that nature haa a “horror vacui.” Galileo’s explanation was beauti- 
fully verified by his pupil Tonicelli, who argued that, if tho atmosplieric pressure 
Mij>|K>rts a column of water 32 feet in height, it must support a column of mercury, 
wliic-li is nearly fourteen times heavier than water, of uUmt 30 inches in height; 
iiml ilius the first barometer was constructed, tho empty space ulx>ve tho morcuiy in 
tho tube being called, from its discoverer the, Toricdlian vacuum. 

The atmosphere, then, having weight, or obeying tho laws of gravitation, forms a 
part of the earth’s body, and accompanies the solid and liquid portions in their axial 
and orbital motions. The height to which the atmosphere extends above the earth’s 
* surface is not tho same at all points, since, owing to tho increase of tho attractive 
force at the poles and its diminution at the equator, and to the action of the 
centrifugal force, as also to the increase of temperature, tho atmosphere presents, 
like the earth’s solid body, tho form of a spheroid, whose polar is considerably 
shorter than its equatorial diameter. Tho absolute height to which the atmosphere 
extends above any point on tho surface of the earth has not been detenoined 
with any degree of certainty: for, as air is an expansive fluid, and the volfima 
which a given quantity of air occupies is directly dependent upon the pressure* 
and temperature to which it is exposed (in accordance with the luown laws regu- 
lating the expansion and contraction of gases), the density of the atmosphere is not 
uniform, but diminishes as the distance from the earth’s surface increases: the 
at which the atmosphere terminates is thus very difiScolt to determine. 
That there is, however, a limit of the earth’s atmosphere* is rendered certain fsom the 
fact, ascertained by the observations of the dccultations of stars or satellites, that our 
moon and most of the planets are destitute of an atmosphere like ours, which 
l^uld not be the ease if the terrestrial air were difihsed threnmhout space. Br. Wol- 
supposed that a gas cannot expand beyond a certain fimit, and Faraday has 
♦k ^ ^l>at in the case of the vapour of mercuiy such a limit really exists : hence 
there can be no donbt that there is a definite limit to the atmosphere ; and, from 
C olla tions of the time during which the twilight extends to the eenith, 
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ATMOSPHERE. 


that the atmoMhere zeachea, in a state of sensible density, to^^ Aleifthei^tof 
forty to forty-nTe miles abore the earth's surfoce.* ; . 

Irarometric obserrations atyarious heights above the sea-leVel prove oenc^iisively 
that Galileo's theoiy of atmospheric mressnre is correct. The first of these baiometnc 
measurements, made* on the Puy-de-Dfime by Pascars advice in 1648, showed that the 
column of mercuiy supported by the atmosphere sinks as the^ distance from the earth^s 
surface increases; thus, at the sea-levcl, the mean height of the barometric column is 
760 millimetres (29*92 English inches), whereas in Potosi, at a height of 13,220 feet, the 
mercuzy sinks to a mean level of 471 millimetres. The average weight, then, of the 
atmosphere at the level of the sea is, in our latitudes, that of a column of mercoiy 
760 mm. in height, or equal to a pressure of 103*33 kilogrammes on a sfjuare deci* 
metre (nearly 16 pounds on a*fNjuare inch). This weight, the human body, u common 
with all substances existing at the bottom of the occaii of air, has to ‘carry; and 
although it may at first sight appear remarkable that the animal frame should be able 
without discomfort to bear a pressure amounting to several tons, yet it is certain that 
not only is this the case, but that our bodies are arranged so that we cannot exist with- 
out this pressure ; and as an effect of the weight of the air, it has been shown by the 
brothers Weber, that the human thigh-bone is, in certain positions of the body, re- 
tained in its place, together with the ball and socket hip-joint, only by atmospheric 
pressure ; it is well known also that persons remaining for any length of time at great 
heights above the earth’s surface are inconvenienced by haemorrhage from the nose, 
eyes, and mouth, owing to the small blood-vossels, unsupported by the atmospheric 
pressure, being unable to withstand the forcible propulsion of the blood through the 
^stem. 

The relation according to which the density of the air diminishes in ascending, is 
easily deduced tom the well-known law of Mariotte, that the density of a gas 
is directly proportional to the pressure to which it is subject ; whence it follows that, 
alterations of temperature and variations in the force of gravity at different heights 
not being considered, the density diminishes in a geometrical ratio, as the height in- 
creases in an arithmetical ratio. Ik has been found by experiment that, when the 
barometer stands at a height of 760 mm. it is necessary to ascend 10*5 metres in 
order to effect a fall of 1 millimetre in the barometric column, or to bring the mercuiy 

759 

to stand at 759 mm., or at 760 * mm. Now we may assume, without appre- 
ciable error, that the air throughout this space of 10*6 metres is of equal density; 

769 

at a height, then of 10*5 metres the pressure is 760 * : hence the air in the next 
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10*5 metres has only a density of of what the lower layer had ; and therefore, 

in ascending through the second 10*5 metres, the barometer docs not fall 1 millimetre^ 
769 

but only of a miUimetre, so that at a height of twice 10*5 metres, the barometer 
760 ygg /769\* 

will stand at760 • 760 • ( j 5 as the density of the third layer 


769 

of 10*5 metres is times less than that of the second, the barometer at the height 


•uu /769\* /769\* /759\* 

ofthTeetimesl0*5metre8,wilIbe760 * — (tUo) “ (t^) ' 

then, at two places the barometer stands respectively at ^ ■■ 760 • 

/ 759 \« - . - . . . _ \ 769 / 


80 on. If, 

and 


B' « 760 
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, their difference in elevation is 10*5 m x (n — • m) ; hence, from 


those two equations the difference in height, //, l^etwoen these two points expressed in 
metres is 

« 18363 (log B - log B) 

or in EngHah feet 

B - 60246 (log B - log IT). 

By means of this formula, we find that the pressure is diminished to half its original 
amount, and therefore the air expanded into double its original volume, at a height of 
6528 metres or 18,136 ft. above the level of the sea, and that at a height of 
6528 metres, the pressure is reduced to ^ of its original amount, and so on. 4*° 
The mean temperature of the atmosphere, like its density, is not equal *Chrong|ho^^ 
the mass, but diminishes as the distance tom the earth’s suHace increases, so that, at 
a certain height above the sea-level, different for different latitudes, we arrive a 

* In order lo giro so idea of the relation b^woeo iho earth's diamatar and tbahaiabt of the UmO* 
•lihora. It may bo atatod, that if wa regrasent the earth bjr a globe of I foot in diameter, the atmoagbam 
wlU be ropresontod bf a layer of air of an Inch in height. 
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line a 1 >OTew 1 dd^ ihdittimteinpmtiinof them not im higher than the £re»hii| 
poinL and this line in called the level of perpetuid enow. This regular <^i]iutiQn Cf 
temperature in higher regions of the atmosphere is* to be attributed mainly to two 
cftu^: Ist, to the fact that the air absorbs but a small portion of the heating rays of 
the sun in their passage to the earth, the lowipr aoiiips of the atmoiphefe being heated ^ 
by contact with the wanner solid and liquid crust of the globe; and, secondly, to the 
increase of latent boat which ail gases undergo on rarefaction, producing a diminution 
in tenipersiture. Besides tJiis re^ar alteration of mean temperature of the varioim 
zones of air above the earth, the various portions of the atmosphere exliibit groat and 
constant variation in temperature, owing to the unequal heating effects prrauced by 
the sun on the earth in various latitudes and at various times. The mean tem- 
perature of any place, and therefore of the air above that place, is the resultant of 
amount of heat received from the sun, and that lost by radiation. These two con- 
trolling causes are, however, never constant, either in the same or in different places, 
and hence the temperature is continually varying. The chief factor representing the 
change of temperature, is the height to which tlie sun rises above the horizon, and tlio 
intensity with which any point on the earth*s surface is heated, is proportional to the 
cosine of the sun’s zeinth-distance at that point; thus, in the torrid koiio, the sun's 
zenith-distance varies from 0® to 33® *6, or the cosine from 1 to 0-917, whilst in the 
temperate and frigid zones the cosine of the angle varies from 0-930 to 0'367, and 
from 0-731 to 0. Wo see from these numbers tliat, although many other circum- 
stances, such 08 duration of day and night, and the thickncHs of atmosphero through 
which the sun’s rays* have to pass affect the temperature, tho warm climate of tno 
torrid zone is not sulrject to such variations as occur in tho other portions of the globe. 
The height at wliich the moan atmospheric temperature sinks below 0° C„ or the 
height of the snow-line, in different latitudes, is determined by many circumstances 
besides those already mentioned, as, for instance, tho gt?ographical relations of .the 
country, neiglibourhood of lar^o masses of water, &c. ; thus tho snow-line on the 
northern slope of the Himalaya is found at a height of 15,600 ft., whilst on tho southern 
slopo it readies only 12,200 ft. aliovo the sea. Still tho ^roneral descent <Tf tho line of 
j»orpetual snow with increase of latitude is, notw-ithstanding these local irregularities, 
plainly seen ; thus, under the equator, tho snow line is not reached until 15,207 ft^ 
whereas, under the latitude of 60^, it is found at 3818 ft., and in latitude 75®, at 
only 1016 ft. above the sca-lovel. 

In passing through tho atmosphere, a portion of the solar rays is absorbed, tho 
amount of this absorption depending upon the thickness of the layer of air through which 
the mys pass. Pouillet (Pogg. Ann. xlv. 25 and 481) concluded, from his own ex- 
|M'rimentB, that when the sun is in the zenitli and tlio atmosphere clear, the amount 
of the sun’s heat which is absorbed by passing through the air, varies from 18 to 25 i>er 
cent, of the quantity which enters tho atmosphere. 

The light of the snn is also partially absorbed and rcAocted in its passage through 
tho air, and, according to Clausius (Pogg. Ann. Ixxii. 294), out of 1000 rays of direct 
sunlight entering the atmosphere, 760 reach the earth diroclC wliilst 186 are reflected us 
diffuse lights and 64 are abkirbcd. For the more refrangible chemically active rays, 
Bunsen and Koscoe have lately determined the amount of atmospheric absorption and 
reflection : for the numerical results of tlicHO experiments tho reader is referred to tho 
article on the Ciiemical Action of Light. Besides suffering alis<^iptiou and reflection, 
evc*ry ray of light which enters the atmospliere otherwise than perpendicularly to the 
limiting surface, undergoes refraction, or is bent out of its course in the direction of tho 
denser medium, so that, as we sc© the object in the direction of the tangent to the 
curve 08 it enters the eye, all celestial objects appear higher than they really are. Ac- 
cording U) the experiments of Biot and Arago, the refractive index, from the absolute 
vacuum into air at 0® C. and 0*76 m. pressure of mercury, is 1*000204 ; and hence the, 
^*fractive power of the air is equal to 0*000688.* 

Owing to the ungual heating effect which the sun produces on the various portions 
of the earth's surface, either from general or local causes, tho it^mperature of the 
atmosphere varies in evuty part of the ^lobe, and in the same part undei^^oes 
change, thus producing the motion of masses of air which we call wind, 
arc invariably caused by 3xe ascent of a heated mass of air, and the motion of 
a cotter mm to fill np the space thus left vacant; the former of those gives rise to 
currents i]j!'the higher regions of the atmosphere, whilst the latter pvodnoes the bori- 
^^ntal currents which we observe at the surface of the earth. Winds may either be con- 
une<l to veiy narcoiw liimta, as for example the sea and land breezes seen on ^eiy coasts 
or they may ealcnd over a large portion of the globe, as is the case with the trade winds, 

A lie former are caused local drcoinstanees dependiog upon the unequal besiadisorb^ 
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Ing and radiating-potrtfif of tiie sea and i^ ihe latter . 

distnlmtion of tempemtm tlm)ughoi^^ the gldbe, beixig caiised Iw 
£fom the equatorial smes, indueiiig horizontal currents to stream in colder polar 

regions. Th^ polar ciiirents woxdd« ^ the earth ’were at r^t, moTO directfy 
^aiid north to the equator ; b^'oiting*' to the earth’s axi^ inotion ficpm isest to na n t 
they pass continually over latitudes haring a Telocity of rotatida greah^ than of 
the current^ which therefore acts as a resistance towards the east, or as a north- dr 
south'OBst wind. ^ ^ . * ' * ^ . * 

Composition 0/ ihe Atmosphere, * 

' It waa not until the ^ear 1774 that the tree composition of the Vas 

pointed out by LaToisior. Before this time, the air was spokdh of as <%&0iwd%tir 
elements, together with lire, earth, and water; and it was only dnrii^ years 

preceding this date that the vagae impressions of speculative philosophljM^irm ex- 
changed for the careful observations of Priestley and Scheele, whose/^$Scb$^y of 
oxygen had paved the way for the knowledge of the exact composition ^ Ihs a^o- 
Bphoro. In November 1774, having the advantage of acquaintance with ^sstley’s 
previous discovery of the vital air procured from red precipitate, Lavoisier announced 
to the world that the atmosphere consists of two gases, one of them being essential to 
life, and the other incapable of supporting respiration or combustion. These two gases 
he named oxygtn (ofu, acid, and 7 ev to give rise to) and azote (a privative^ and 
{(wn, life) or nitrogm, and he found that the first of these gases occupies about one-fifth 
by bulk of the atmosphere, the other occupying the remaining four-fifths. Besides 
these two gases, which form by far the largest portion of the atmosphere, many other 
substances occur in the air, which although present in comparatively small quantities, 
play so important a part in the action of the atmosphere on our globe that they 
cannot bo regarded as accidental constituents : these substances are, aqueous vapour^ 
carbonic acid^ ammonia^ and organic decomposing matter. The atmosphere also con- 
tains traces of very many other bodies whieli may be considered as foreign or accidental 
constituents, such as nitric acid, sulphurous aci^ carbonic oxide, hydrocarbons and minute 
solid particles which are seen floating about in the air by the light of a sunbeam. 

Since the tinw of Priestley, Scheele, and Lavoisier, the detennination of the quanti- 
tative composition of the atmosphere has been made the subject of experinint by 
many of tho most eminent cliemists of the present century ; but in spite of these 
numoroxis investigations, the relative distribution of the component gases of the atmo- 
sphere is still but impcrfoctly known. 

At tho commencement of this century, there was much difference of opinion amongst 
scientifio men as to tho true composition of the atmosphere : Prout, Dobereiner, and 
Thomson considered the atmosphere to be a chemical compound of 20 volumes of 
oxygon, and 80 volumes of nitrogen, whilst Dalton (Manclicster Memoirs, 2 Ser. 
Tol. i. p. 244) contended that tho atmosphere is a more mechanical mixture^ but sup- 
posed that tho relative amounts the two gases varied according to their ipedfio 
gravities at difi^eront he^hts above the earth’s surface, the oxygen increas^ in 
quantity the nearer the soa-level was apigoached, and the amount of nitrogen becom- 
ing larger as the distance from the surface of the earth increased. 

That the determination of the amount of oxygen which air in different localities 
contains, should have excited the interest of men of science as soon as the disooveiy of 
the true composition of the air was made, does not seem remarkable, when we bear in 
mind tho direct dependence of all life upon this element, and the great influence which 
even slight alterations in the amount of atmospheric owyMu might produce on the 
animal life subjected to this change, and hence Eudiometry (cm<o», goo^ serene air, 

and fierpeirt to measure), or the mode of measuring the quality of the air, quickly became 
a new and important branch of chemical analysis. At forst sight it appeared not unlikaly 
that tho unequal development of animri. life on the various parts of the globe, woold 
effS^t considerable alterations in the composition of the air in different loc^ties ; and 
this idea was borne out, not only by the well-known fact of the i^erithiness of the 
air of certain districts, such as crowded towns, marshes, and the Uke^ but also by the 
earliest determinative experiments, which showed variations in the compositioii of air 
of various localities amounting to nearly 10 per cent. Thus Fontana determined the 
quantity of oxygen contained in air by absorption witili nitric oxide, and obttdned 
results riiowing f^m 18 to 25 per cent ; whilst Scheele, on absorbing the ditygen with 
Bu^hide of potassium, or by a mixture of sulphur, iron, and water, found from 25 
to 33 per cent of that m present in sir. Other experimenters, however * and 
among them Dalton, Ghty-Lussac, Davy, and Boussingault found, on em|doyiDg other 
analytical methods, ^t the amount of the atmospheric oxygen varied but very 
in different rituationB, and that the non-accordance of the results formerly oivtidiaiia 
was owing to enom of experiment caused by the use ei imperfect methods, tiio 
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tfiime hoth howevei^ owing to a common error of ei^rimest» &oin the 

oxac^xeAiit^ Inter ohaerrere. ^ Although fh>m these experiments wo can dxi^w the 
iTnpoifa^-fonciasiQn that» within certain Tory small limit^ the air has through^t ita 
mass a <;g)i^stant composition as regards oxygen, still the observational errors of these 
cviirlier inv^tigators were largo, and it was evidently x^essaiw that the oomposition of 
the atmosphere should be determined with aU the precision that modem science could 
Ixwtow* The more recent labours of Dumas and Boussingault, Kegnault. Biuuen, and 
l^wy, have attained this end by help of methods in which the maximum error is 
reduced to 

The snaiysis of air may he conducted in two waysL Either by measuring the 
rol Limes of the component gases, or by delorminlnr thoir weight. The details of the for* 
iiior, or the eudiometzio method, ore fiilly described in the article on Ajf aj:.tsis of Gasss. 
and this is tlie method adopted, with slight variations, by Regnault, Bunsen, anti 
lj«^wy, whilst the determination by weight has been employed by Dumas and Bous8i|i« 
gault 

For the purpose of carrying out the analysis of air, these two French ohemisia 
(Ann, Ch, Phys, [3] iii. 267], employed an apparatus in which air previously freed 
fr>nn aqueous vapour, carbonic acid, and ammonia, by passing through Vtlubes con« 
taim'ng sulphuric udd and potash, was passed througli a weighed tube oontainii^ 
metallic copp^o* kept dt a red heat, and then entered an exhaust^ balloon, the weight 
ot‘ which had been accurately determizved. The difference of weight of the tube bomre 
and after the experiment, was due to the oxygen ; that of the baUoon, to the nitrogen of 
the air which passed into the apparatus. This process, conducted with every possible 
jirocaution. showed the composition of tho atmosphere to be : 

J*#rrffiaw^ <j 03 [yigcn hy Wright, 

tS4K Small balloou. Large balloon. 

27th AprU , . . 22*92 22'92 

28th „ ... 23*03 23*09 

29th „ ... 23*03 23*04 

22*993 9a'01C 

or 100 parts by weight of air» are composed of 23 parts of oxygen, and 77 parts of 
iiiirc>gen. From this oomposition by weight, the composition by volume of the air San . 
he determined when the spociflo gravity of the oxygen o and that of tho nitrogen 
23 77 100 

^ n are given: fbr -e ^ Dumas and Boussingault found, on employing 


n are given : for ^ -e 


the Bpecifre fi^vities as obtained by Berzelius and Dulong, that the sum was noft 10^ 
hut 9976 ; hence they concluded that those i^>ecifie gravities must be incoareci^ and 

‘ i which the com* 


Dut 9976 ; hence they concluded that those spectue gravities must be incoareci^ and 
determined them again, obtaining o — 1*1067, and n « Wl% from which the com* 
IxisitlQn by volume of the stmo^fiere was found to be 

* Oxygen — 2<V61 > 

fiitrogen — 79*21 

10002 

Tlie near approximation of these numbess to the truth, has since been proved by the 
veiy exa^ experbaents of Begnault (secBegnault's work on Steam, p. 161 ; or Fsgg. 
Ann. IxxiT. p, 202), who has &own that one litre of air at CP C. and 676 m. p re asnra> 
fr^ from moisture, earbenie add, and ammsitia, weighs 1*293187 grms« whilst one litre 
^ oxygen, under lilm efreamstanees, we^ha 1'4298Q2 grms., or has a speehfo gravity ef 
1*1 0563, 1 litre of mtrogen atOP C. and 076, weighs 1*266167 grm., or has a spe&le 

gnvity of 0*97137^ Inae^fdaneewilh these result^ Bovssingauft fowid in air whMt 
he collected in South America, the following percentage volumes of o^gon $ 

Air front Santa F4 ds Bogota^ at n height of 2650 nt. above asn^level iO*af {ve» (K 
„ „ „ 1323 „ » 

. Vairiqiuta . „ M8 » . 9ai7f*.a 
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The eudiometric detenninatione of Banaon and Be^ault ore on the 
p:^ferred to any method of analysis of the air by weight, not oni^ from their greater 
^curacy, but the simplicity of the apparatus employed, and the ease with which 
small samples of air collected it various times and in different localities can thus bo 
analysed. 

Bunsen (Gasometiy, p. 71)« in a series of analyses of air made on fourteen different 
days in Januaiy and February 1846, amongst which the maximum amount of oxygen 
was 20*97 per cent, and the minimum 20-84 per cent, found a mean of 20-93 per cent of 
oxygen. 

Kegnault (Ann. Ch. Phys. [3] xxxvi. 386) has analysed a very large number 
of samples of air collected in various quarters of the globe in a uniform mahner, 
according to instructions given by him. The method of analysis employed rarely 

g ave a difference of 0*02 per cent on the same sample of air. In more than one 
undred analyses of air collected in or near Paris, Kegnault found a maximum amount 
of 20-999 vols. of oxygen, and a minimum of 20*913 or a mean of 20*96. This differ- 
ence of 0*086 per cent, is, according to Kegnault, too large to be accounted for by ex- 
perimental errors. 

9 samples fiom Lyons, Montpelier, Kormandy gave 

from 20-918 to 20-966 p.c. of O. 

30 samples collected in Berlin contained . . . 20*908 „ 20*998 „ 

10 „ „ Madrid „ ... 20*916 „ 20*982 „ 

23 „ from Genova and Charaoiinix . . . 20 909 „ 20*993 „ 

Of seventeen samples of air collected in Toulon Koads and other parts of the Me<li- 
terranean, fifteen gave similar results of 20*912 to 20-982 per cent oxygen, whilst two 
samples collected from Algiers harbour contained only 20*42 and 20*396 per cent. 
This abnormal result cannot be accounted for, but a similar phenomeuon was observed 
by Lewy. 

6 samples taken on the voyage from Liverpool to Vera 

Cruz gave 20-918 to 20-966 p. c. of O. 

2 samples from Ecuador in S. America contained . 20*96 „ 

2 „ the summit of Picbincha, higher than 

Mont Blanc 20-949 to 20*988 „ 

Eleven samples collected in the Asiatic seas from 1848 to 1850, all except two, gave 
normal results. On the Ist February 1849, the air in the Bay of Bengal contained only 
20*46 and 20*45 per cent, oxygen, and on the 8th March 1849 the air from above the 
Ganges, collected during foggy weather, in presence of much decomposing animal 
matter, temperature 36° C., when cholera was commencing, contained from 20*390 to 
20*387 per cent, of oxygen. 

Air collected by Captain Sir James Ross in the Arctic seas gave the normal com- 
position from 20-86 to 20-94 per cent, oxygen. The conclusion which Kegnault draws 
from all these determinations, is that the atmosphere shows perceptible, though vciy 
small, alterations in the amount of oxygen at different times and in different placea 
This variation ranges from 20*9 to 21*0 per cent., but from special unknown causes in 
tropical countries, the amount of oxygen may sink as low as 20*3 per cent. Bunsen’s 
analyses of the air in Iceland continn these views. 

Lowy (Ann. Cli. Phya. [3] xxxiv. 1) has also published a series of analyses of air 
collected from various parts of the globe. The relative amounts of oxygen and nitrogen 
were determined by Kcgnault's eudiometric process, and the maximum difference be- 
tween the composition of the same sample of air analysed at different times was ^75^5 7. 
The air of Paris contained, in a mean of three experiments, 21-014 per cent, of oxygen, 
that of Havre 20*888 per cent., whilst that collected on the Atlantic gave 20*961 and 
21*061 per cent., and in South America, 20*996 and 21*022 per cent, of oxygen. Hence 
we can positively stete that no gi-cater difference exists between the composition of 
the atmosphere as regards oxygen and nitrogen in different latitudes (some few special 
cases excepted), than is found in the same place at different times. 

Frank! and (Chem. Soc. Qu. J. xiii. 22) has lately determined the composition of 
air collected by himself at different elevations on Mont Blanc, viz. at the Gfrands 
Mulets, at the summit, and at Ohumounix. The conclusion which Frankland draws 
from his expeiimentel numbers is, that as far as the nitn^n and oxygen are oon- 
comed, the composition of these samples of air fulls within tho limits of variation 
noticed by fom^ experimenters. 

That tne afr is a mechanical mixture and not a chemical combination of ^yg^ 
and nitrogen is seen from the following facts; 1. The amounts eff oxygen and ntljjsgsii 
in the air do not present any simple relation to the combining proportions of fhees 
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and axe moreover Turiable. 2. On mizing^oimen and nitrb^ ganesiu tiw 
proportion in which they occur in air, no contraeticm or evolation of heat la ohaerved, wd 
the mixture acta in eveiv way aa air. 8. When ai#ia diaaobredin water, the proTOrnon 
between the oxygen and nitrogen in the dissolved a& is quite different from that in 
the undiflsolved air, this difference occurring in strict accordance with the laws of the 
absorption of gases in liquids (see Oasbs, Ausobption of). When water is saturated with 
air at any temperature Mow 0., 100 volumes of the dissolved air contain 34'19 vola. 
of oxygen and 68*09 vols. of nitrogen, whilst the undissolved air contains 21 ’1 per cent, 
of oxygen and 78*9 per cent, of nitrogen. Were tho air a cliemical combination of 
oxygen and nitrogen, such a separation by solution would be impossible. 

The other constituents of the atmosphere, viz. the aqueous vapour, carbonic acid, 
ammonia, and decomposing organic matter, alter in amount at various times and in 
different places, much more considerably than the oxygen and nitrogen. 

Tho humidity of the air is affected by many circumstances, such as temperature, 
distance from masses of water, and configuration of the land over which it lies. The 
amount of aqueous va^ur which any volume of air can take u^ depends entirely n|»n 
the temperatupo of tlie air, and is represented by the tension and corresponding 
density of the vapour of water in vacuo for that temperature ; thus at 10^ C. the 
tension of aqueous vapour is 9*47 mm. of mercury, and tho corresponding density 
0-00000974, or 1 cubic metro of air at 10^ C. is saturated when it contains 9*74 grms. 
of water in the form of vapouf. It seldom happens, however, that the air contains its 
saturating quantity of moisture, and the amount varies extremely with the conditions 
lK>fbre mentioned ; thus, on the coast of the Red Sea, during a simoon, the air was 
fiund to contain only part of the aqueous va|)oiir required to saturate it, whilst in 
our moist climate, the air is often saturated with watery vajiour. The fbllowing table 
shows the relative humidity, f. e. the existing percentage on the saturating quantity, 
as found Ijy Kiimta in Halle, as a mean of several years” observationa : 


Jtm. 

Feb. 

Mxrch. 

Apill. 1 

1 Mar* 

June 

Jiiljr. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

BjO 

79*9 

m 

71-4 

OT-I 

69-7 

CC5 

CIO 

72-B 

7H-9 

86*3 

963 


Hence we see that in Halle the air is most humid in December and driest in 
August. 

The determination of the aqneons vapour contained in the atmosphere may be 
made, either by leading a known volume of air through weighed tubes containing 
some hygroscopic substance, as sulphuric acid or chloride of calcium, or by means 
of hygrometers of various construction, for the description of which the article 
IlTanoHETfiT must be consulted. 

The carbonic acid or anhydride contained in the air varies also considerably in 
amount, though by no means to so large an extent as tho aqueous vapour. Many methods 
are employed for ascertaining the quantity of carbonic acid present in the atmosphere. 
The most certain method is to absorb the carbonic acid from a known volume of air by 
pacing the air, freed from aqueous vapour and ammonia, through weighed tubes con* 
taining caustic potash. Saussuro (Pogg. Ann. xix. 391), Brunner (Pom* Ann, 
xxiy. p. 669), Pettenkofer (Chem. Soc. Qu. J. x. p. 292), Smith (Chem. om. Qo. 
J. xi. p. 196), and Frankland (Chem. Soc. Qu. J. xiii. 27), have all propo^ different 
incth<^, for the explanation of which we must refer to the original papers. 

From very numerous olwervations made by Saussure, Brunner, Lewy, and others, it 
»r>pcars that air in the open countiy contains quantities of carbonic acid vaxyiog frm 

3 to 10 volumes in 10,000 of air. As an average number, it has been fou^ ^at 

4 vols. in 10,000 represent the usual compositioD of the air as regards carbonic add. 
In some few peculiar cases, a much huger proportion of carbonic acid has been fbund 
(as noticed by Lewy in S. America at Bo^ta ) ; but these abnormal results are ex* 
plained by lorn dreumstanoes, as neighbouring volcanic e^natious or burning forests. 
The air collected above the ocean showed a small variation in carbonic add between 
day and night; that collected in the day contained 6*4, whilst that collected 

the night contained 3*3 carbonic acid in 10,000 volumes of air. This observation S 
cosily accounted for by thennezease of the co^dents of absorption with the diminotion 
^f temperature oocnrruig during the night. Air above the land also slightly changes 
its amount of carbonic add at rarions seasons of the year and times of the day, in 
dependence upon different meteorological alterationi^ but as yet experiment has not^ 
de«||^l the nature of this dependence. At a certain elevatioii above the earth's sur* 
foie, tLa air, acemrding to Baussuie and Schlagentwdt, contains morecaibonio add than 
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ief f(Mhd iM €bte kmet Mto of the atmosphere; this inereaee^ which however is 
hot large, probabljr arises from the decrease of >regetatton in the higher ahktospherie 
regions. In the air of crowded tov^ or of closed inhabited spaces ^ttch as dwellingw 
rooms, d^c.), the carbonic acid often nses to ten times the normal quantify, owii^ tom- 
effident ventilation. 

Although the relative amount of 4 vols. of carbonic acid in 10,000 vols. of air ap- 
|>ear8 to be a very small one, yet the absolute quantify of carbon thus contained in the 
atmosphere is v^ large, exceeding indeed all that is contained on the earth's surface in 
the smid form, in the bodies of pbints and animals, and that found under the earth's 
eelid crust in the coal formations. The question of change in the composition of the 
earth^s atmosphere as regards carbonic acid is one of vital interest to all forms of 
terrestrial life : for whilst forming the staple nutriment of the vegetable world, car- 
bonic acid, when present in certain quantities, acts as a violent poison on the higher 
UrdeVs of animal life; nor is the limit at which this gas begins to be hurtful to the 
animal, veiy Air removed from the q^ntify which at present exists in the atmo- 
sphere : for we find that lieblane and Pdclet assign a limit of five in 1000 (ten times 
the normal quantify), whilst Held and Amott give a much lower limit to the non- 
l^juriotiB etfect of this gas. Whether the atmosphere is now slowfy undergoing, or 
has in past ages und^jgone, any perceptible change in the amount of its carbonic aeid^ 
Is a question to which, owing to the absence of certain and accurate data, we are as yet 
Unable to give any veiy satisfactory answ^. We do, kowever^ know that there are a 
great number of causes continually at work, some of which tend to increase the amount 
of atmospheric carbonic acid, whilst there are others which tend to effect a diminution 
in this constituent. Whether the resultant of these various counteracting influences is 
such as to keep, during Aitnre a^es, the carbonic acid exactly at the present amount, it 
Is, with our present knowledge, impossible to say ; but from the remarks which follow, 
it will be seen that if any alteration occur, it must proceed with extreme slowness. 

The principal causes which tend to incroaso the atmospheric carbonic acid are : 
n) The respiration of animals. (2) Combustion of vegetable carbonised material. 
\i) iSSchalaltions of carbonic acid caused by volcanic and other intra> terrestrial 
ugenciea It would appear that the quantify of carbonic acid oscaping fix^m volcanic 
VentS) mineral sprini^, and other iaoiganic sources into the atmosphere is much 
laiger than that produced by the two causes first named. According to the catena- 
tions of Poggondorff (naturally but very rude approximations to the truth), it seems 
that, taking the amount of carbonic acid evolved by volcanic action to be ten times 
larger than that given off by every kind of combustion of carbonised material, the 
quantity of carbonic acid at present contained in the atmosplicre would be doubled in 
^86 years, supposing, of course, that no causes of diminution of were acting. That 
Wttch causes of diminution arc, however, continually at work we know; They consist 
mainly in (1) the decomposition of carbonic acid, i, e, reduction of carbon and regenera- 
tion of oxygen, which living vegetables effect in sunlight. (2) Tho fixation of caibonic 
uoid U8 caTTOUate of linio by the vital action of certain animalculse, giving rise to 
coral reefs and islands, and the whole of the vast limestone deposits. (9) The 
fixa&a of carbonic acid by inorganic chemical processes. 

The immense extent to which these actions, pi^icularly the second one, have gone 
and are rtill goin^ on, appears to jurtify the opinion that if any change in the anoont 
of the atmospheric carbonic acid occur at all, it is more probably a diminution than 
ah increase. Any conclusions whkh We can draw from ge^o^cal facts, scorn rathtf to 
support this opinion : for it is more likely that the air contained a larger amount of 
carbonic amd during tlie deposition of the enormous carboniferous sysftem when the 
Ve^tation must have been so luxuriant and profhse^ and when few, if any, air-breathing 
Unimals existed, than less than at present. StiU, we have no right positively to 
assume that the air at the time of the deposition of the coal and limestone contuned 
more carbonic acid than now : for we know nothing of the length of time dnring whi^ 
these fermations were in progress, 

£bom the foregoing remark it is seen that a continual circulation of the atmospheric 
carl^ii t^es place; the animal gives off the waste portion of its body mainly as 
boaie acid, and th]U deterierates the atmo^here, which would soon become unfit for 
his Anther Use, if the vegetable world did not absorb the poisonooB gas; at once 
iretainiiig the carbon in the solid form, fit for subsequent nourishment of the aaimal, 

wnd exhaliug the oxygen wherewith the higher organism again removes his spent 
isuiterials. 

Having desenbed the causes effecting possible variation of the atmospheric oaibonie 
weid, it is ahnaSt needless to consider any change which the oi^gen may undergo^ for 
tlie atmesphere becomes unfit for the sustenance of animal life ftom the prmnee 
wHiidl fjuanlify c)f carbonic acid, long before the oxygen is materially diminished. 
bewerer, the caibonic neid is i^wly dooreasin^ it may be interesting to inquire how 
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Ions oor 801^ o£ will last ns. Such aspecolation has been answered, as salia* 

fi^rUy astbe cufcumstanoes admit of, by Dumas and Boussin^ult These ehemisti 
calcula^ that if the whole of the earth’s atmosphere were put into a balloon imd sus- 
neoled from <«ie end of a balance, it would r^uire 681,000 cubes of copper, each bavins 
a side of 1 kilometre (1093 English yards) in length, to be suspended at the other end 
to equalise the balance. Of 3iis total weighty the oxygen would be represented by 
134000 cubes. Assuming, fbom the best data, that a man consumes a kilogramme of 
oxvffcn per day, taking the population of the earth to be 1000 millions, and supposing 
that the oxygen taken up by animals and by putrefactive processes is four times m large 
as that consumed by human beings, and supposing further, tliat the oxygen given off 
l>y plants only covers the expenditui-e of oxygen effected by other causes not mentioned, 
it appears, even in this exaggerated case, that an amount of oxy^n tlir^ times as large 
as that consumed in one eentiny by the whole number of animals fisting on the earth, 
is represented by 16 or 16 of the copper cubes, each having a side of 1 kilometre in 
length, or the alteration effected in a centuiy is less than of the total quantity of ojy- 

cen, and is therefore altogether inappreciable by our most exact determinative methodsL 
(See Dumas and Bouasingault (1841) Ann. Oh. Phys. [3] iii. 267, 288.) 

As regards the ammonia and the organic impurities contained in the atmo- 
sphere, we still labour under the disadvantage of insufficient experimental data. The 
great difficulty in the estimation of these constituents, lies in the very minute quantities 
which are contained in the atmosphere. This difficulty is seen when we compare some 
of, the statements put forward of tne amount of atmospheric ammonia ; thus Hors ford 
(Ann. Ch. Pharra. Ixxiv, 243), found in 1 million parts of air, 47-6 parts of ammonia, 
whilst Bincau (Ann. Ch. Phys. xlii. p. 462) found in tho same quantity of air, from 
0-04 to 01 part of ammonia. Between those extremes, we have numerous experiments 
in which every variation in tho quantity of atmospheric ammonia has been found. Ai- 
thoitgli, from tho great differences in the numerical results (maximum 136 ; minimum 
0*1 parts of carbonate of ammonia), probably arising, partly from errors of analysis and 
partly from real variations in the contained quantity, it is impossible t« fix upon any 
munlier as giving tho average composition, still it is certain that the atmosphere 
always contains ammoniacal salts, aua that rain (the first poisons more than tho latter 
portions), hail, snow, and dew, all contain appredahle qiuntities of ammonia.^ 

The atmosplieric ammonia plays a very important part in vegetation : for it is mainly 
if not altogether, from the ammoniacal salts contamed in the air, that plants obtain 
tho nitrogen which they require for the formation of seed and other essential ports of 
their structure. Whether plants are at all able to assimilate the free nitrogen of the 
atfiiosphero, must, in spite of tlio numerous researches en the subject, be considered 
doubtful. George Ville has for some time asserted, founding his assertion on a largo 
luiniber of elaborate experiments, that plants can absorb and assimilate the free atmo* 
spheric nitrogen. Boussingindt, on the contrary, from his own extensive investigations, 
tfniu'jt ViUe’s conclusions, affirming that it is nitrojronous compounds alono that 
plants can assimilate the nitrogen. Tho commission of the French Academy, which 
was deputed to examine the question under the direction of Chcvreiil, reported in 
Ville’s favour, although some doubt as to the estimation of the ammonia contained in 
tile distilled water useA was expressed. Still more lately Lawes, Gilbert, and Pugh, 
have investigated the subject with great care, and find that plants growing in an 
atmosphere and on a soil tree from ammonia or combined nitrogen in other forms, 
do not contain more nitrogen than the seeds from which they grow. In the state ef 
uncertainty in which such contradictory statements leave us, wo may, however, be cei^in 
of one fact in which all tho expctrlments agree, namely, that whetner or noit plants can 
assimilate snu^ qoantitles of free niti^en, it wpeais that plante growing in air 
tH-‘rfectly free from ammonia, do not flourieh toanytoinglike the eome eaDtent as pUntfi 
living in an ammoniacal atmosphere. 

Concerning the remaining constituents, and especially the orfl^ic putrescent mattem, 
our present knowledge is even less satisfkctoiy or poskive than is the ease with the 
ammonia. Within a very recent period, we were unacquainted with any method for 
determining the presence of organic putrescent miitters; and ^enthe vety important 
and ingenious method lately propoe^ by Dr. K. Angus Smith (Ohem. floe. Qo. J. 
xi. p. 196y requires much exteni^n and j^enond implication bed^ we can arrive at 
a knowledge of the exact qualitative distnbntlon of the oiganie impurttiea. Smith's 
meth^ (for the details of which we must refer to the paper), depends upon the 
reducing action whfrh solid, liqtiid or gaseous organic patroscc^malfter effects on per- 
manganate of potassiom. The strength of the test-sehitiou is determined by adding 

to a flolntion of sngar of Imoum composition, until the colour of the permanganate 
rcmajiMi permanent ; and the same xeaction performed with the air under examination, 
thows the quantity of contained mganic matter. In this way. Smith has detected great 
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differences between the air of varioos localities. The air team h^h country ground 
was found to contain 1 grain of organic matter in 200,000 cubic inches of air, whilst 
the air from a cesspool contained the same quantity of organic matter in 60 cubic 
inches of air. In a sanitsiy, as well as in a purely scientific point of view, it is diffi- 
cult tu ovei>-estimate the importance of this simple method for determining the organic 
impurities which air contains ; and if future research confirm its applicability to all 
ca8cs» it will prove an invaluable instrument in the hands of the physician and the 
sanitary reformer. 

Besides the constituenta already mentioned^ air contains minute quantities of 
nitrates, hydrocarbons, sulphurous and sulphuric acids, and according to some 
chemists, iodine, but this has been lately denied. Ozone also occurs in the atmo- 
sphere in very small amounts, varying, however, extremely witli the situation and 
meteorological conditions of the place. (See Ozone.) 

The atmosphere of the ocean, us well as of the masses of fresh water occurring on 
the earth’s surface, is subject to the same changes from the existence of animal and 
vegetable life, as the earth’s gaseous atmosphere. The relative proportion between the 
gases dissolved in the water is fixed in accordance with the law of absorption, an<l 
many important and interesting conclusions, such as the relative increase of dissolved 
oxygen, or diminution of temperature, enabling mammalia to live in the polar but not 
ill the tropical seas, can be drawn from an application of these laws to the atmosphciv 
of the sea. The equilibrium between the constituents of the dissolved atmosplien^ 
kept up by animal and vegetable life, is well illustrated by the vivaria now so comnnon, 
which were first introduced by Mr. Warington. 

The air of towns and close-inhabited spaces, becomes, as has been stated, often 
overcharged with carbonic acid and other impurities. The amount of carbonic acid 
present in dwelling-rooms, &c., has been made the subject of experiment by Leblanc 
(Ann, Ch, Phys. [a] v. 223; xxvii. 373), Pettenkofer (Chem, Soc. Qu. J. x. 292); 
Koscoo (Chem, ^oc. Qu. J. x.); and Smith (Chem. Soc. Qu. J, xi. 196), The main 
results may be stated to be: (1) that in rooms which are not thoroughly ventilated, the 
amount of carbonic acid may rise from 1 to 7 volumes in 1000 of air ; (2) that in well 
ventilated rooms, the amount of carbonic acid should not rise above 0*8 in 1000; 
(3) that in ordinary dwellings, or even in school- or barrack-rooms, the carbonic acid is 
diffused uniformly throughout the space, in whatever parts of the room the exit for 
ileteriorated air is placed, though in the exuggeratwl case of crowded theatres, the 
air at the highest part of tho building was found to contain more carbonic acid tlian 
the air at the level of tho stage. For other interesting details, wo must refer to the 
original papers, or to the article on VnNi'inAXioN, IL E. K. 

AXOMZO VOKimClS. Spccijic volume; Equlvahnt wlutue ; Molecular volmne. 
— The atomic or specific volume of a bodv is the space occupied by a quantity of 
it proportional to its atomic weight, and is theroforo expressed by the quotient of tho 
atomic weight di\'ided by tho weight of a unit-volume, that is by tho specific gravity : 


Atomic volume 


atomic weight 
specific gravity 


It must not, however bo supposed that the atomic volumes represent the relative 
\ olume8 cf tho actual material atoms of different bodies. For, regarding any sub- 
stance, solid, liquid, or gaseous, as an aggregate of material particles capable of 
moving amongst themselves, it is impossible to suppose tlicse particles to be in actunl 
contat't and to fill up the entire volume of the body; we mn^ suppose them to be 
separated by certain intervals : consequently tlie specific gravitjr, and therefore also 
the specific volume of tlie body, will depend, partly on the relative weights of these 
atoms, partly on the number of thorn contained in a given space, and tiierefore on the 
magnitude of tho interstitial spaces. Unless, therefore, the spaces ore either infinitely 
small in comparison with the magnitude of the atoms themselves, or bear the same 
proportion thereto in all bodies, it is impossible to determine the relative volumes of 
the actual material atoms: for we have no means of ascertaining the proportion 
between tho size of the atoms and of the intervening spaces in each paiticnlar case. 
The atomic volume of bodies must therefore be understood, as the spaces .occupied 
aggregates of atoms (including the interstitial spaces), whose weights are proportional 
to the atomic weights of the bodies. 

As the atomic weights, or multiples thereof repr^ent the proportions in which 
bodies combine by weight, so likewise do the atomic volumes or multiples thereof 
indicate the prt'»}X)rUons in which they unite by volurne, thus : the atomic volume of 
tOT 108 

iodine being * 26*7, and that of silver =» tttm 10*2, we infer that 25*7 voJs* 
4*90 IU‘4 

iodine unite with 10 2 vols. silver to form iodide of silver, Agl. 
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The numbOT repiMentnm tiie BtojMC volume, of bodiea vmy aceoidine to the nite 
of atonuo vmwht and apeciflc gr^^choion, and aocoiding to the parfieular valoM 
assigned to the atomic weights. Thus, if the atomic weight of hTdraoen be eaaal to 1 
that of ohlorme - Sfi fi, and of sulphur - 82, the atouJe wSeht 
(HCl) wiU be 36-« and that rfsuJphytoc add (H>8) - 8*.%ow theiSe g«S 
of hydn^Io™^.^ Ce'f to air a. unity 1. 1-264, mid that of siphyd^ml 

Atomic volume of Hd m 14*44 

1*264 

fi It H*S ** ■» 14*44 

If. on the other hand, we adopt hydrogen as the standard of specific gravity for iimscsi 
tlK|t of hydri^bloric ^d IS 18-25 and that of sutphydric sSd is 17, in o..clf^ 
lialf the atomic WMght On this hypothesis, therefore, tlio atomic Tolumos of ^ 
^ses are cxnr^sed by the number 2 Aga n, if common ether l>e represented by the 
formula C II *0 [0 => 12, H = 1, O = 16], its atomic weight is 74 : and, its sneeiAc 
gravity m gaaeoua state being 37 (refcrr^ to hydrogen), it* atomic voIuCin 


that state is ^ - 2, and in tlic liquid state (apeciflc gravity at 0® roforred to water). 


74 


ifs atomic volume is — 

0737 


100*41s But if ether bo ropreaeuted by the formula 
8], then its atomic volume in the gaaeoua atate will bo 
60*206. The atomic volumes of gaao^ and 


( VrO [C « 6, /f == 1. O 

37 

yy •» 1. aJid in the liquid atate 

v:i|«.urs are ealeulated from the epwific gravities referred either to hydrogon or to 
atmosp.u ric air ; those of solids snd liquids from the specific gravities lufwred to water 
ita unity, 

Aiomic Voluntes of Gaseo, 

According to the aystem of atomic weighta adopted in this work, equal volumea of 
ilifferent elomentary gasea are auppoaod to contain, for the most part, equal numbers 
of atoms of thoir respective elements, so that the atomic weiglit of each body in tho 
g!Wi)oua atate la the weight of a volumo of tho gaa equal to that of a quantity of hydro- 
gen whose weight m taken as unity ; in other words, tho atomic weights of the simple 
giiHes are expressed by the same numbers ns their specific gravities referred to hydro- 
gen as unity. Ihis is sometimes expressed by saying that an atom of each elementary 
gas occupies ot^ volume. Tho only exceptions to this law are presented by phosphorus 
ana urstmie, whoso densities in the gaseous state are double of what they shoiUd bo if 
u).’v lollowed the law ; and hy selenium and felluriiim, whose vapour-douaities have not 
}'■ been o^ertained with certainty. Sulphur- vapour was formerly supposed to have 
a aensity th^ times as great as that which the general law juat stated requires, but 
recent experiments have shown that it conforms to the general law.* 

The atoms or molecules of compound bodies in the gaseous state occupy, for tho 
nioiit part^ fzaibe the volume of an atom of hydrogen or other simple gas ; in other 
woroa, the number of molecules of a compound gas contained in a given space in half 
tMe number of atoms of hydrogen which would be included in that same space, Con- 
so(|ucntly, the specific gravity of a compound gaa or vapour referred to hydrogen as 

weight. Thus, tho atomic weight of hydrochloric 
(UU) IS 36*5, and ita specific gravity referred to hydrogen is 18*26; the atomic 
(NH») is 17, and its specific gravity referred to hydrogen is 8*6. 
iror tne further development of this law, and for certain exceptions to it, real and 
apparent, see the article Atokio Wsiohts.) 

The mode of stating these Uws of gaseous atomic volume, must of course be modified 
^ming to the system of atomic weights chosen. On that which has hitherto been 
mwt generaUy adopted (AT « 1, 0 « 8, - 16, &c.), some of the elementary gases, 

rranmJT"”®* nitrogen, and mercuiy are supposed to have atomic 

of hydrogen, while oxygon, sulphur, phosphonui, snd araenie 
^ ^ general^ called two^wlums 

On+k one^ums gases, the volume of oxygen bring taken as the unit 

u tne same ^stem, the molecules of most oomponud b^es in the gaaeems state ore 
said to occupy /oiir volamM. ® 

^ s^ic welfbto now ndop'ad, tho vapoar dmthW nf nif^rturr and s>*J snl«tM jn 
ttwir mpectiye stoiuic weights, tsini ef toercurv tkfaig leo that 01 csnlinlm Sw. 
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Atomic Volwneo o/ Liquids and Solids^ 

1. df Bodta*. The following table contains the atomic tolnmes of 

those solid and liquid elements whose densities nave been determined with accuracy. 
The tturabera in iho third column are the (quotients of the atomic weights diyided by the 
spacidc gravltieB rdSured to water as unity : 


Aluminium • • 

13*75 

5*3 

Antimony 

120*3 

17*9 

Arsenic . 

75 

13*3 

Bismuth 

210 

21*2 

Bromine 

80 

25*8 , 

Cadmium 

56 

6*5 ■ 

Calcium 

20 

12*6 

Carbon . 

12 

{ 3'4 

1 5*2 . 

Chlorine 

35*6 

^ 26*7 

1 Chromium 

26*2 

3*8 

Cobalt . 

29*5 

3*5 

Copper . 

31*7 

3*6 

Glucinuiu 

4*7 

2*2 


Gold . 

Iodine . 

Iridium . 

Iron 

Load 

Lithium 

Magnesium 

Manganese 

Mercury 

Molybdenum 

Nickel . 

Palladium 

Phosphorus 

I Platinam 
I Potassium 
Rhodium 

I Selenium 

l^ieon • 
Silver • 
Sodium . 
Strontium 

Sulphur 

Tellurium 

Tin 

Tungsten 

Uranium 

Zinc 


Specific grarlty (water «• !>• 


2*5—2-67, Wohler; 2*67, Deidlle. 

6*72, Marchand and Scheerer; Kopp. 

5*63, Karsten; 5*67, Hcrapath. j 

0*80, Marchand and Scheerer; 9*78, Kopp» 
Liquid: 3T9, Pierre; 2*99, Lowig. 

8*69, Stromeyer ; 8*45, Kopp. 

1*58, Bunsen. i 

Diamond: 3*52, Brisson. 

Graphite: 2*32, Karsten; 2*27, Regnault 
Liquid : 1*33, Faraday. 

7*01, Bunsen and Frankland. 

8*49, Brunner; 8*51, Berzelius. 

8*95, Marchand and Scheerer ; 8*93, Kopp. 

2*1, Debray. 

19*34, G. Rose; 19*26, Brisson, 

4*95, Gay-Lussac. 

21*80, Hare. 

7*84, Broling; 7*79, Karsten 
11*39, Karsten; 11*33, Kopp. 

0*59, Bunsen. 

1*74, Bunsen ; 1*70. Kopp. 

8*03, Bachmann; 8*01, John, 

Liquid: 13*60, Regntf^t^ Kopp. 

8*62 — 8*64, Buchhdz. 

8*60, Brunner; 8*82, Tupputi. 

11*80, Wollaston. 

Yeiiaw: T84, Schrotterj 1*83, Kopp. 

1*96, Schrotter. 

21*5, Wollaston, Berzelius. 

0*86, Gay-Lussac and Thenard. 

11*0, Wollaston; 11*2, Cloud. 

Amorphous: 4*28, Schaffgotsch. 

Granular : 4*80, Schaffgotsch. 

Graphitcddal: 2*49, Wohler. 

10*4, Karsten, 10*57, G. Rosa 
0*97, Gay-Lussac and Thenard. 

2*54, Bunsen. 

Trimetric : 2*07, Marchand and Scheerer, Kopp. 
Mouodinic: 1*98, Marchand and Scheerer. 
6*24, Berzelius; 6*18, Lowe. 

7*29, Karsten ; 7*30, Kopp. 

17*2. Allen and Aiken; 17*5 — 18*3, Wohler. 
18*4, P51igot 

7*13, Kopp; 7*1— 7*2, Bolley. 


The numbers in the third column of this table, do not exhibit the stmplieify of re* 
lation which exis^ between the atomic rolumes of gaseous bodies. There are, indeed, 
several causes which interfere with the existence, or at least with Ihe observation, of 
'8udi simple relations be^een the atomic yolumes of solid and liquid elements. Is 
the first place, the densities of three of them, vis. mercoiy, bromine and chlorine, ate 
*8ncli as belong to them in the liquid state, whereas the densitieB assigned to all the 
others have been determined in the solid state. In solids, moreover, the densi^ js 
'greatly affected by the state of aggregation, whether oystaUine or amoxphous. and IB 
dimenphous bodies^ each foim has a density peculiar to itself Furthiw, as sc^ds slid 

• Tba atomic welcbti here given and used tfarongfacut this article are the laaM ee tboee In the tahle 
on fttges 464, 46B. When the atenk weighu of the metab, Al, Ca, Hi, Ac. are doubled, the com- 
•INJiiaiiig atimilo rolomM wUI also be doubled* 
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liQiiids are yarioiuily aflbcted W each liaviiig a peenliar rate of etpanaioa, and 
that rate being different at dhffemt temperatures, it is not to be expe<^ that their 
atouiic volumes should exhibit simple r^atioiis, unless they are compared at tempo* 
ratures at which they are similarly affected by heat Even gases are mund to mdiibit 
abnormal atomic volumes if compa^ at temperatures too near the points at whi<^ 
they pass into the liquid state. In liquids, the simplest relations of atomic volume are 
found at those temperatoes for which the tensions of the 'rapoors are equal (Kopp); 
and in solids, the molting points are most probably the comparable temperatures. 
Now the sp^ido gravities of most of the solid elements in the preceding tiwle, have 
been determined at mean temperatures (as at vthich> in the ease of potassium^ 

8(^ium, phosphorus, and a few other^ do not differ greatly from the melting points, 
but in other cases, as with gold, platinum, iron, &c., are removed fipom the melting 
points by very long intervals. In spite, however, of these causes of divergence, the 
atomic volumes of certain analogous elements are very nearly equal to each other ; vis* 
those of selenium and sulphur; of chromium, iron, cobalt^ copper, manganese 
nickel ; of molybdenum and tungsten ; of iridium, platinum, palladium and rhodium; 
and of gold and silver. 

2. Of laquld Compounds. The relations between the atomic volumes of liquids^ 
luive been investigated chiefly by H. Kopp (Ann. Ch, Phorm. xevi. Idd^ 80^ c. 19k 
Tli 0 atomic volumes of liquids, as already observed, are comparable only at temperaturM 
for which the tensions of their vapours are equal, as at the boiling points. If the 
atomic weights are compared with the densities at equal temperatures, no regular ra* 
hit ions can be perceived ; but when the same comparison is made at the boiling points 
of the respective liquids, several remarkable laws become apparent The densuy of a 
H«iuid at its boiling point cannot be ascertained by direct experiment ; but when the 
diMisity at any one point, say at C., has been ascerlainei u»d the rate of ex* 
pansion is also known, the density at the boiling point may be calculated. (See 
Expansion.) ' 

Table A. contains Kopp's determinations of the atomic volumes of several liquids 
containing carbon, hydrogen, and oxygen, at their boiling points. The atomic weights 
apo those of the hydrogen scale. The cakvlaied atomic Volumes in the fourth column 
are determined by a method to be presently^ described ; the observed atomic volumes 
arc the quotients of the atomic weights divided by the epecifle gravities at the boiling 
referred to water as unity. 


Tablb a. 

Atomic Volumes of Liquids containing Carhen^ Hydrogen^ and Oxygen. 


Substance. 

Formula. 

Atomie 

Weight. 

Atomic Volume at the Boiling Point. 


Obferved. 


rBenzene , 



78 

990 

96 0... 09-7 at 80°O. 


Cymene . 


tssnsM 

134 

1870 

183*5... 185*2 „ 175 


Naplithalia . 

a 

rnffM 

128 

154*0 

149*2 . . „ 218 

X 

Aldehyde , , , 


C*H*0 

44 

56*2 

06-0... 68-9 „ 31 

5? 

Vaieraldehyde • 

# 

C*H«0 

86 

122*2 

117-3...120-3 „ 101 


Bitter almond -oil • 

• 

CTHH) 

106 

122*2 

118*4 . . „ 179 

H 

Cuminol 


C'®H*0 

148 

1882 

189*2 . . ;; 236 


Tetryl . 


C*H« 

114 

187*0 

184*5...186*8 „ 108 


^Acetone . 


C»H*0 

68 

78*2 

77 S..* 77-6 56 


rWater . 


H*0 

18 

18*8 

18*8 . . „ 100 


Wood-spirit • , 


CH«0 

32 

40*8 

41*9>.. 42*2 „ 59 


Alcohol . 


C*H«0 

48 

62*8 

61*8... 62^5 „ 78 

d 

Amy lie alcohol 

• 

C*H'*0 

88 

128*8 

12d*0..a84 4 „ 185 

X 

Phenylic alcohol . 

w 

Cf«H«0 

94 

196*8 

103*6...104*0 „ 194 

X, 

Bem^lic alcohol « 

a 

CTHH) 

108 

128*8 

123*7 a . „ 218 

K 

Fonnic acid * . 


CH*0» 

46 

42*0 

40*9... 41*8 ,, 99 


Acetic acid 

u 

CTSK)* 

60 

64*0 

68*5... 63*8 ,» 118 


^pdcmic acid • 

a 

0»H*0‘ 

74 

86*0 

85^4 . . „ 137 


Butyric acid . • 

u 

C*H*0« 

88 

108*0 

106*4... 107*8 „ 156 


Valerianic acid 

• 


108 

180*0 

180*2... 181*8 „ 175 


^Bsnsoie acid • 

# ; 

o®«o» 

122 

180*0 

126*9 . . ^ 258 
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- Tabls a {continued). 


SubtCouce. 

Formula. 

Atomic 

Atomic Vi*luiiiH at tti« Bf>fling P tint, "j 

Weight. 

Calculated. 

Observed. 


fEthylic ether . 


■ 1 

■T 

105*6.. .106*4 at 3400. 


Acetic anhydride . 


■Til 


109-9...110 1 „ 138 


Formate of methyl 



BE 

63-4 . . „ 36 


Acetate of methyl . 

C»H*0* 

■I 


83*7... 86*8 „ 66 


Formate of ethyl , 

C'H'O' 

74 

86 0 

84-9... 867 „ 66 


Acetate of ethyl 

C4I"0® 

88 

108-0 

107*4.. .107*8 „ 74 


Butyrate of methyl 


102 

130-0 

126*7...127*3 93 

d 

Propionate of ethyl 

C»HW0* 

102 

130*0 

126*8 . . „ 93 

d 

Valerate of methyl . 

C*H*"0> 

116 

162*0 

148-7.. .149*6 „ 112 

a- 

Butyrate of ethyl • 


116 

162*0 

149-1...149-4 ;; 112 

& 

Acetate of tetzyl • 

C*H>*0* 

116 

152-0 

149*3 . . „ 112 


Formate of amyl • 


116 

1620 

149-4.. .150-2 „ 112 


Valerate of ethyl . 

Q7HMO* 

130 

174-0 

173-6.. .173-6 131 


Acetate of amyl • 


130 

174-0 

173*3... 176-6 „ 131 


Valerate of amyl , 


172 

210-0 

244*1 . . „ 188 


Benzoate of methyl 

C^IPO® 

136 

152-0 

148*6. ,.150*3 „ 190 


Benzoate of ethyl , 

C*f£IOO* 

150 


172-4.. .174-8 „ 209 


Benzoate of amyl . 


192 


247*7 . . ., 266 


^Cinnamate of ethyl 


176 

207-0 

211-3 . . „ 260 

o 

rAcid salicylate of methyl 

C*H«0» 

152 

159-8 

166*2.. .167 0 „ 223 


Carbonate of ethyl . 


118 

137-8 

138 8...139 4 „ 126 

S' 

Oxalate of methyl . 


118 

1170 

116-3 . , „ 162 


Oxalate of ethyl 

Cni'®0‘ 

146 

161-0 

1C6-8...167T „ 186 


^Succinate of ethyl . 


174 

205-0 

209-0 , . „ 217 


A comparison of the numbers in this table, leads to the following results : 

1. Differences of atomic volume are in numerous instances proportioncil to the dif 

ferences between the corresponding ckt^nical for^nulm. — Thus, liquids whose forimdtc 
ditifer by n . CH'^ differ in atomic volume by n . 22 ; for example, the atomic volumes of 
formate of inothyl, and butyrate of ethyl, C*ff*0*, differ by nearly 4 x 22. 

Acetate of ethyl, and butyrate of methyl, whose formulae differ by 

CH®, differ in atomic volume by nearly 22. The same law bolds good with respect to 
liquids containing sulphur, chlorine, iodine, bromine, and nitrogem (see Tables B, C, 
D). Again, by comparing the atomic volumes of analogous chlorine and bromine 
compounds, it is found that the substitution of 1, 2, or 3 atoms of bromine for an 
equivalent quantity of clilorine, increases the atomic volume of a compound by once, 
twice, or three times 6. This will be seen by comparing the atomic volumes of PBri 
undPCl*; C®IPBraiidC®IPCJ, &C. (Table C.) 

2. homerie liauids belonging to the same chemical type have eoual atomic volumes . — 
The atomic volume of acetic acid, H “ between 63*5 and 63*8 ; that of 

formate of methyl, O is 63*4 ; the atomic volume of butyric acid, ^ ^ 

between 106*4 and 107*8 ; that of accbite of ethyl, ^ “ between 107*4 and 

107*8. 

3. In liquids of the same chemical type^ the replacement of hydrogen by an equivalent 

quantity of oxygen (that is to say, of 1 pt of hydrogen by 8 pts of oxygen), makes but 
a slight alteration in the atomic volume,^T)m may be seen by comparing the atomic 
Toluraea of alcohol, C®H*0, and acetic acid, of ether, C*H**0, acetate of ethyl* 

0*H*0*, and anhydrous acetic add, C*II*0* ; of cymene, and cuminol, 0**H“0- 

Xhe alteration caused by the substitution of O for H® is idways an increase. 

4. In liqiUds of the same chemical type^ the replacsnunt of 2 at.'S.by I atC (1 pt 

by weight of hydrogen by 6 p:urt8 of carL}n) makes no altt^ation in the atomic vohme. 
— Such, for example, is the case with benzoate of ethyl, 0*H**0*, and valenite of 
ethyl, and with the corresponding benzoates and valerate in gcneEral ; aho 
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^ hinor-almond oil, C’H«0, and valoraldehydo, C*H^*0 ; also with phonjUo 
u\ioh >\ (^11*0, and vinic etlmr, C*H>*0. 

Jn liquids belonging to different twes, the same relations are not found to hold 
fr.invL Moreover, the tyjjes within which these relations are observed, are precisely 
tlKve of Oerhardt's clarification (see Classification). Further, when liquid com* 
p ounds are represented by ration^ formul® founded on these types, their atomic 
volumes may be calculated certain fundamental values of the atomic volumes of 
the elements, on the Bupiposition that the atomic volume of a liquid compound is ©quid 

10 sum of the atomic volumes of its constituent elements. In this manner the 
cuU'ulatcd atomic volumes in the fourth columns of tables A, B, C, I) are determined. 

11 must be understood however that these values are based upon some^at doubtfUl 
assumptions respecting the atomic volumes of the elements, and are regdAed by Kopp 
itiiTi ly as approximations to the truth. * 

^^ince the addition of CH'-* to a compound increnRes the atomic volume by 22, this 
mniilicr may be taken to represent the atomic volume of CH® ; moreover, since O 
iniiv take the place of H* in combination, without altering the atomic volume of the 
ooinpound, it follows that the atomic volume of C must bo equal to that of H*; and 
. 22 

tlicrt'foro the atomic volume of C ■■ -5- * 11, and that of also equal to 11, or that 

£ 

of ir = 5*5. Further, as the substitution of O for H* produces a slight increase in 
li e atomic volume of a compound, the atomic volume of O must be rather grtmter 
tlaiii 11 ; and it is found that, by assuming the atomic volume of 0, when it takes 
) !m*c of IP (that is to say, in a radicle, as when acetyl, C®H*0, is formed from ethyl, 

( IP), to be equal to 12*2, results are obtained agreeing very nearly with those of 

01 sensation. But when oxygon occupies the position which it has in water, jjo, its 

atomic volume is smaller. The specific gravity of water at the boiling point is 

18 

01)570 ; hence its atomic volume at that temperature is - ■■ 18*8 ; now the 

2 atoms of hydrogen occupy a space egual to 11 ; hence the volume of the oxygen 
is 7*8. The same value of the atomic volume substituted for 0 in the formula of the 
several compounds belonging to the water-type, in which it occupies a similar place, 
that is to say, outside the radicle, gives results agreeing nearly with observation. 
That a given quantity of a 8ul>8tance should oc'cupy differont spaces, under different 
rireiini stances, is a fact easily explained, when it is rcmenibercd that the }>article8 ol 
a l>ody cannot be supposed to be in absolute contact, but are separated by certain 
HjiaooH, which, increase or diminish according to the temperature of the body, and 
iK-c^rding as it is in the solid, liquid, or gaseous state. 

I'^rom these values of the atomic volumes of the elements, carbon, hydrogen, and 
oxygen; viz. 


Atomic volume ofO -vll 

» ,, H « dd 

„ „ O (within the radicle) . . . . •« 12’2 

„ „ O (without the radicle) . . . . w 7*8 


the calculated values of the atomic volumes of liquids, in the fourth column of Table 
A. are deduced. The method of calculation may be understood from the following 


»*xftnipU*s ; 


Sefuenit C*II* « 





Atomic volume of C* 

, , 


. « 

66 

ft 

n 


. 

. 

. «r 

i? 

ft 

ff 

benzene^ . 

. 

• 


99 



Aldehyde, C*R*6 - 

O’H'O.H, 




Atomic volume of C* . 

, * 

, 


22 




. , 

, 


22 


»» 

0 (within the radicle) . 

. 

. — 

12*2 

tt 

tt 

aldehyde . 

• 

• 

■ ^ 

66*2 

• 


Ahohol, C®H*0 * 





Atomic Toluiue of C* . 



. ■» 

22 




. , 

, 

• m, 

83 

M 

»* 

0 (without the radide) • 

0 

. - 

H 

n 

af 

alcohol . 

• m 

• 

* » 




ATOMIC VOtUMfc 


Acetioacid, 


* Atxmuc Tolnme of C* • • • • 

•• II • • • • 

II I, O (within the radicle) 

II II O (without the radicle) 

II „ acetic acid 

Acetic anhydride ^ 

AtomuoTolnmo of O* .... 

w ^ (within the radic^) 

II „ O (without the radicle) 

,1 „ acetic anhydride . 


e*H*o>o 


Oxalate of methyl^ C*H^* *» (CH*)* | 


Atomic volume of C* • 44 

II II «•••••• ■* 33 

„ „ O* (within the radicle) . , • «» 24^ 

„ „ (without the (radiido) . . » » 16^ 

„ ,1 ootalate of methyl • ...» « 117*0 

Liquids containing Sulphur, — Sulphur enters into combination in varloof ways; 
Rometimes taking the place of oxygen in the type HH,0 (as in mercaptan) ; sometimes 
taking the place of carbon within a radicle (as in sulphurous anhydride) SO.O, corn- 


taking the place of carbon within a radicle (as in sulphurous anhydride) SO.O, com- 

S ared with carbonic anhydride CO.O; sometimes replacing oxygen within a radicle (as 
i sulphide of carbon), 08.8, oompared with carbonic anhyifride. In the first and 
second cases, the atomic volume of sulphur-compounds may be calculated by attri- 
buting to sulphur, (S » 32), the atomic volume 22‘6, those of the other elements re- 
maining as above ; in the third case, the atomic volume of sulphur appears to he 
greater; viz. 28*6. 


Ex. — Mercapian^ C®H^S * 
Atomic volume of C’ 

„ M . 

»» »f S . 

I, „ mercaptau 


. - 22 
, = 83 
. = 2^ 
. » 77*6 


Sulphide cfcarhortt CS* — GS.S. 

Atomic volume of O . • «» XI 

II I, S (within the 

radicle) . ^ 28*6 
II II S (without the 

radicle) , ts 22^ 
II sulphide of carbon . 62*2 


Tahu B. — Atomic Volumes of Liquid Sulphur-compounds^ 


Subitance. 


Atomic 

Atomic Volume at the Bolling Point. 



Weight. 

Calculated. 

Ohtenred. 

Mercaptan 

C^H^S 

62 

77*6 

Ta-O... 76-1 «t 86® 0 . 

Amylio mercaptan • 


104 

143*6 

140-1...140'a „ 120 

Sulphide of methyl • 

C^H-S 

62 

77*6 

7«-7 . • „ 41 

Sulphide of ethyl . 


DO 

121*6 

120‘6...121‘6 ,1 91 

Disulphide of methyl 

C*H«S* 

94 

100^ 

100-6...100'7 „ 114 

Sulphurous anhydride . 

SO* 

64 

42*6 

43-9 . . „ -8 

Sulphite of ethyl . 


138 

149*4 

i48'8...i49‘a „ leo 

Sulphide of carbon 

CS» 

76 

62*2 

02-2... a2<4 „ 47 


Chlorides^ Bromides^ and Iodides. — In li(wd eompeonda of this dass^ the atomm 
volume of Cl is supposed to be 22 * 8 , that of Br 27 * 6 , and that of 1 «> 37 ’d> thos e of 
the other elamante remaining as abovow 
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Taiu O^^^Atomic VotumeB of Liguid CMoridu^ Bronddea^ oni lodidea^ 


Substance. 

Formula. 

Atomie 

Weight. 

Atomic Volume at the Boiling Point. 

Calculated 

ObierveA. 

Di chlorinated ethylene 


97 

78*6 

7»B .at 87® C. 

Chloride of carbon . 


166 

113*2 

116*4 . . „ 123 

Chloride of ethylene . 


99 

89-6 

86*8. •. 86-4 „ 85 

„ monocilorinated . 

C*H»C1* 

133-5 

106*9 

106*4, 107*2 „ 116 

dichlorinated 

C!*H*C1* 

168 

124*2 

120*7... m*4 „ 137 

1, trichlorinated 


202*6 

141*5 

143 . . „ 164 

i Chloride of tetrylene 

CWCl* 

127 

133*6 

129-5...133-7 „ 123 

Jlonochlorinated ehlocidie 





I of methyl 

CH*C1* 

85 

67*6 

64*6 • • „ 30*5 

Chloroform 

CHOI* 

119*5 

84-9 

84*8... 86*7 „ 62 

Chloride of carbon 

CCB 

154 

102*2 

104*3... 107*0 „ 78 

' Chloride of ethyl 

C*H*C1 

64*6 

72*3 

71*2.,.. 74*6 „ 11 

„ monodhlorinatcd . 

cni^ci* 

99 

89*6 

86*0... 89*9 „ 64 

„ dichlorinated 

C*H*Ci* 

133*6 

106*9 

106-6...100*7 „ 76 

Chloride of amyl 

OHi'Cl 

106*6 

138*3 

,186-4...t37-a „ lOtt 

Chloral .... 

C*HCI*0 

147*6 

108*1 

l08*4«..108-9 98 

Chloride of ace^l , 

: C*H»OCl 

78*6 

73*6 

74*4... 75*2 55 

Chloride of benzoyl . 

C^H*0C1 

140-6 

139-5 

134*2.^113T*8 J98 

Ilromino . . . 

Br* 

160 

65*6 

64 ... 28*7 63 

Uromido of methyl . 

CH»Br 

95 

55-3 

68*2 . . „ 13 

llromido of ethyl 


109 

77*3 

78*4 . .* „ 41 1 

Bromide of amyl • 

C^H»Br 

151 

143*3 

149*2 . . „ 119 

Bromide of ethylene- . 

; C*HW 

^ 188 

1 99*6 

1 97-5... 99*9 „.130» i 

Iodide of methyl 

CH»I 

1421 

65*0 

1 65*4... 66*8* „ 43' 

Iodide of ethyl , 

C“H*I 

166*1 

87-0 

1 86 9... 86*4 „ 71 1 

Iodide of amyl 


198*1 

163*0 

152*6... 155*8 „ 147 . 

Chloride of sulphur . 

SCI 

67*6 


46*7 . . „ 140 

Chloride of phosphorus 

PCI* 

137*6 


93*9 . . „ 78 

Bromide of phosphorus 

PBr* 

271 

• 0 

108*6 . . „ 175 

Chloride of silicon 

SiCl* 

UiHI 


121*6 . . 59 ; 

Bromide of silicon 


348 

• • 

fl44*a . . „ 163 

Chloride of arsenic , 

AsCl* 

181*6 

• • 

94*8 . . ..133 : 

Chloride of antimony . 

SbCl* 

236*6 



Bromide of antimony 

'SbBr* 



116*8 . . ,,.275 

Chloride of tin 

SnCP 



132*4 . . 116 

Cliloride of titanium . 

TiCP 

92 


126-0 . , ,^186 


'^o compounds PCI* and AsCl*, have nearly equal atomic volttmes: whence it may 
be inferred that phosphorus, and arsenic, in their liquid com^unds, have equal atomiO’ 
volumes. The same conclusion may be drawn reuarding tin and titanium since the - 
atomic Tolnmes of SnCl*‘ and TiCl* are nearly 

— In compounds belonging to the ammonia type, the atomi* 
volume of nitrogen is 2*3. This result is dedu^ from the observed atomic vidume of 
phenylamine C*H’N, which is lO&’S.. Now the atomic volume of 0C + 7H ■■ 6 , 11: + 

7 . S’d -a 104*3, whidi number, deducted fbom 106*8^ leaves 2*3 for the atomic voliyae 
of nitrogen. 

The atomic Tolume of t^nogen deduced from the obeerved atemic volime of cjaiikb 
of phenyl, CN.C*H*, or C^*N, is nearly 28. Thus : — 

Atomic volume of C^*N » 121'6 

„ „ C*H* - 93*5 

.• H CN - 281 

A similar calculation, lhanded on the observed atomic volumo of maide of methyl 
^ H*N, fftvea^ for the atomic yolnme of cyanogen, the number 26*8. The ahcmic volume 
of liquid eyaaegen detsmiiied diiectly at 37^ or 39^0. above its bciMng pointy 'is 
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betMreen 28*9 and 30*0. As a moan of these valnes, tho atomic rolnme of eyanogcQ 
may be assumed to be 28 ; and with this Taluo the atomic rolumea of the iijaid cya- 
nides are calculated. Thus, for 

Oil of mustard (sulphocT^anate of ally I), C‘H*NS =s 

Atomic volume of C*H* . . . -= 60*5 

f, Clf . . . “ 28*0 

„ „ & (without the radicle) = 2 2*6 

ft f, oil of mustard . . ill'l 

The atomic volumes of compounds containing the radicle NO®, are calculated on the 
hypothesis that the atomic volume of that radicle is 33, which agrees nearly with the 
observed atomic volume of liquid peroxide of nitrogen. Thus : the atomic volume of 
nitrite of amyl, C®H"NO* = at. vol. of C*H“ + at. \’ol. of NO® = 115*5 + 33 = 148*5. 


Table D. — Atomic Volumes of Liquids containing Nitrogen, 




Atomic 

Weight. 

1 Atomic Volume at the Boiling Points i 

Subttatice. 

Formula. 







1 







Cniculntcti 

Obaerved. 


Ammonia . 

H®N 

17 

18*8 

22*4... 23*3 at 10®. 


tethylaminc 

C®H’N 

45 

628 

65*3 


at 

18*7 

Tctrylaminc 

CUI"N 

73 

106*8 




Ainylamine . 

C»H'*N 

87 

128*8 

125*0 



94 

Octylamino , 


129 

194*8 

190*0 



170 

Phenylamine 

C«IPN 

93 

106*8 

106*4... 106*8 



184 

Toluidiiic 

C’lPN 

107 

128*8 





Ethylplienylamine 

C“H“N 

121 

160*8 

150*6 



204 

Diethylphonylamine 

C">H>^N 

149 

194*8 

190*5 


ft 

213*5 

Cyanogon . 
!lydiv>cyanic acid 

CN 

CIIN 

26 

27 

28*0 

33*5 

28*9... 30*0 
39*1 


ft 

18 1 

27 

('ytinido of methyl 

C-H»N 

41 

56*5 

54*3 



74 

Cyanide of ethyl . 

C»1I*N 

55 

77*5 

77-2 


tT 

88 

Cyanide of tctryl 

c*n®N 

83 

121*5 




Cyanide of phenyl 

C'lPN 

103 

121*5 

121*6.. .121*9 



191 

Sulphocyanate of methyl 

C“’Tr»N.S 

73 

78*1 

76*2... 78*2 



133 

Sulphocyanate of ethyl 

C®1PNS 

87 

1 100*1 

99*1 



146 

Oil of mustard 

c^n»Ns 

99 

111*1 

113*1. ..114*2 



148 

Oyanate of ethyl . 

1 C*1PN0 

1 

71 

85*3 

84*3... 84*8 


tl 

60 

Peroxide of nitrogen 
Nitrate of methyl 

NO® 

30 

33*0 

31*7... 32*4 



40 t 

66 

CH»NO» 

77 

68*3 

69*4 



Nitrate of ethyl . 

C®H*NO* 

101 

90*3 

90*0 90*1 



86 

Nitrobenzene 

C*H^NO’ 

123 

126*5 

122*6.. .124*9 



218 

Nitrite of methyl . 

CH NO® 

161 

60*5 

61*6 



14 § 

Nitrite of ethyl . 

C®H'‘NO® 

75 

82-5 

79*2... 84*6 


,, 

18 

Nitrite of amyl . 

C‘‘H“ND® 

117 

148*5 

148*4 


t. 

95 


From the preceding observations and calculations, it appears that the atomic volume 
of a compound depends, not merely on its empirical, but likewise on its rational formula ; 
in other words, not merely on the number of atoms of its ele]aent4>i, but further on tlie 
manner in which those atoms are arranged. Now a compound may have more tlian 
one rational formula, according to the manner in which it decomposes ; and hence it 
might appear that the calculation of atomic volumes must be attended with consider- 
nble unceurtain^, inasmuch as the atomic volumes of certain elements, as oxygen and 
sulphur, vary according to tlie manner in which tlicy enter into the componnX Aide- 

hyde^ for example, may bo represented either as g J O, or aa j| J ; and, as 

the atomic volume of oxygen is 12*2 or 7*8, according aa it is within or without the 
radide, the atomic volume of aldehyde will be 66-2 if deduced from the type IIH, and 

• Between and W* shore the boiling t Between 3t** nmt 3!1** Hbove the ttoillng point 

I About abOTO the boiling point. 3 97^ above the liM,iling point. 
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51*8 if deduced from the type HBLO. But the atomic weight of aldehyde^ and its 
f peciflc graTify at a given temperature are invariable ; it cannot therefiue have two 
diiferent atomic volumes. It must be remembered, however, that, in speaking of a 
rorapound as having several rational formolse, we consider it rather in a dynamical 
than in a statical point of view ; as under the influence of disturbing forces, and on 
the point of undergoing chemical change. But if, on the other hand, we regard a 
compound in its fixm statii^ condition, as a body possessing definite physical proper- 
ties, a certain specific gravity, a certain filing point, rate of expansion, refractive 
power, dtc., we can scarcely avoid attributing to it a fixed molecular arrangement or, 
at all events, supposing that the dismsition of its atoms is confined within Siose limits 
vrhich constitute chemical types. It is found, indeed, that isomeric liquids exhibit 
equal atomic volumes only wnen they belong to the same chemical type. If this view 
be correct, the relation between the atomic volumes of elements and compounds, may 
often render valuable service in determining the rational formula which belongs to a 
compound in the state of rest. Thus of the two atomic volumos just calculated for 
aldehyde, the number 56*2, deduced from the formula C*H*O.H, agrees with the 
observed atomic volume of aldehyde, which is between 66 0 and 66*9, better than 61*8, 

Q2jEJ8 k 

the number deduced from H 0- This result loads to the conclusion that the 
nMehydes belong to the hydrogen type rather than to the water type. 

There are many groups of liquid compounds, irrespective of isomerism or similarity 
of type, the members of which have equal or nearly equal atomic volumes. The fol- 
lowing table exhibits the calculated atomic volumes of several of these groups : 


Water ... 

H*0 

18*8 

Ether 

C*H'®0 

Ammonia . 

NIP 

18*8 

. Tetrylic alcohol 

C<H‘»0 




Phenylic alcohol 

CWO 

Bromine . 

Br« 

66-6 

Tetrylumine 

C*H"N 

Cyanogen . 

(CN)* 

66*0 

Phenylamine • 

C*H»N 

Aldehyde . 

envo 

66*2 

Butyric acid 

C*II!0« 

Cyanide of methyl 

C='H*N 

66-6 

Acetate of ethyl 

C‘H»0* 

Bromide of methyl 

CH’Br 

66*3 

Acetic anhydride 

C<H®0» 



Chloral . . 

emevo 

Alcohol 

C^H-O 

62*8 

Dichlorinated chloride 


Acetic acid 

c?n<o* 

64*0 

of ethyl 

C*H*Cl» 

Formate of methyl . 


64*0 

Monochlorinated chlo- 


Cyanate of methyl 

CWNO 

63-3 

ride of ethylene 

C»IPCl> 

Kthylamine 

C*H»N 

62-8 

Bromide of phos- 


Sulphide of carbon 

CS* 

62-3 

phorus • • • 

PBr* 

Iodide of methyl 

CH»I 

66*0 




Valeraldohydo . 

C*H'®0 

Acetone 

C«H«0 

78-2 

Cyanide of tetiyl 

C»H*N 

Cyanide of ethyl 

C*H»N 

776 

Bitter almond oil 

0'H*0 

Sulphocyanate of me- 
thyl 

Sulphide of methyl . 

C*H"NS 

C*H*S 

78*1 

77*0 

Cyanide of phenyl 
S^phide of ethyl 

C^H*N 

C<H'«S 


106*8 

106*8 

106*8 

106*8 

106*8 

108*0 

108*0 

100*2 

106*1 

106*9 

106*9 


108-6 

122*2 

121*6 

122-2 

121*6 

121-6 


These |proups exhibit an approach to the uniformity of atomic volume which is 
observed in the gaseous state. 

Ber the] ot has adduced a number of examples, showing that when aliquid compound 
iH formed by the union of two other liquids, whose specific volumes are denoted by A and 
B, with elimination of x atoms of water, the specific volume of the compound is nearly 
A + B— oO (the atomic volume of water Ming denoted by C). Berthelot's oh^r^ 
vatioDs, however, were made at medium temperatures, not at the boiling points of the 
liquids (Ann. Ch. Phys, [3] xlviii 322). 

3. Of Solid Coinpoiisidn* (H. Kopp, Pogg. Ann. xlvii. 133 ; lii. 243, 262 ; Ann. 
Ch. Pharm. xxxvi 1, — ^Ammermuller, Pogg. Ann. xlix, 341.— H. Schroder, ibid» 
i* 552; Hi. 269, 282; evL 226; cviL 118.— Filhol, Ann. Ch. Phys. xxi 416.— 
Playfair and Joule, Chem. Soc. Mem. li. 477; iii. 64, 109; Ohem. 8o<v Qu. J. 
C 121. — H. SchifiT, Ann. Ch. Pbaim. cviL 64; cxii, 88. — Cm. i. 67 — 86.) 

The most general relation that has been observed between the atomic volumes of 
of solid compounds is^ that uomorphota c<mpoundM have equal almie vokmeet in other 
Words, their densities are proporticmal to ueix atomic wei^td Such is the casc^ for 
example, with carbonate of strontium (strontianite) and carbonate of lead (wifhente)* 
Formula. At. Wsfglit. 8p. Or. At IMubm. 

SiaCO^ 147*6 8*60 41*0 

„ PbKXP ..... 267*4 6*47 41*4 

VoL. I. G Q 
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If the ciystalline forme are only approximately similar, the atomic ▼olwaes sIba 
only approximately equal, the diferentse being less as the angles of the two cry^^ 
forms are more nearly equal, and th^ axes more nearly in the same ratio An 
alteration of atomic volume, such as is often produced by the introduction ^ 
element into a compound in place of another, is attended with a contespondinir altem* 
tion of crystalline form. The atomic volume may likewise be altered without m 
change in the composition of the body, viz. by change of tempmture, and this sIm 
produces in most cases, as Mitscherlieh has shown, a corresponding alteration in the 
magnitude of the angles. In crystals of the regul^ system, however, variation of 
temperature produces no alteration either in £>nn or in atomic volume. 

In dimorphous compounds, each modification has a density, and therefore also an 
atomic volume, peculiar to itself. 

The equality, exact or approximate, of the atomic volumes ofisomorpbons camponnds. 
has been traced by Hugo ScbilF, through several classes of salts, especiallyin the sulphates 
of the general form, M^S0^7II^0 (vitriola), in the double sulphates of the magnesian 

class, |s0*.3H*0, and in the alums. The atomic volumes of these com- 

pounds are given in the following table : 







Atomic ^ 

Specific 

Atomic 








Weight 

Gravity. 

Volume. 

Vitriols. 








Mg*SO* . 7H*0 . 







240 

1*685 

146 

Zn*80* . 7H*0 . 







287 

1*853 

146*9 

Ni'SO" . 7H*0 







281*2 

1*931 

145*6 

Co*SO« . 7H»0 







281 

1*924 

146 

Fe«S0".7H*0, . 

(MgCu)SO* • 7fi*0 
MgZnSO^ . 7H*0 . 







278 

1*884 

147-6 







265*7 

266*5 

1*813 

1*817 

146*5 

146*6 

MgCdSO* . 7K*0 . 







290*0 

1*983 

146*2 

Doulfle Magnesian Sulphates 







rSK*maSO* . 3H«0 
KMgSO* . 3H*0 . 






» 

180 

201*2 

200*5 

1*680 

1*995 

1 910 

1071 

100*9 

(NiPjZnSO* . 8H-0 
KZnSO^ , 3H*0 , 







104*9 







221*7 

2*153 

103 

(NH*)NiSO* . 3H*0 







197*6 

1*915 

103*2 

KNiSO^ , 3H«0 . 







218*8 

2*123 

103*1 

(NH‘)CoSO* . 3H>0 







197*5 

1*873 

105*4 

KCoSO" . 3H*0 . 







218*7 

2*154 


(NH‘>FeSO' . 3HK) 







196 

1*813 


KFeSO^ . 3H*0 . 







217*2 

2*189 

99*2 

(NH*)CdSO* . 8H»0 
KCdSO* . 3H«0 . 







223*7 

244*9 

2*073 

2*438 

107*9 

100*5 

(NH)<CuSO* . 3H«0 







199*7 

1*931 


KCuSO* . 3H*0 . 







220*9 

2*137 % 

103*3 

Alums, 









KA1«S*0* . 12H?0 







474*6 

1*722 

275*6 

NaAl^S^O* . 12H*0 







458*4 

1*641 

279*2 

(NH*)A1‘S»0* . 12H*0 
KCH8*0*. 12H*0 







453*4 

500*8 

1*621 

1*845 

279*6 

271*4 

(NH*)Cr»S»0» . 12HH> 







479*6 

1*736 

276*2 

(NH»)F«*S‘0* . 12H»0 







482*0 

1*712 

281*4 


The atomic volumes of the vitriols are very nearly equal; so likewise are those <rf 
the alums. Those of the double magnesian sulphates, M(K ; NH*)S0^3H*0, differ 
romewhat more, the difference between the greatest and least amounting to 8*9. It 
IS remarkably however, that the atomic volume of the ammonium- and potasshmi* 
mlts in each pair differs from the mean value (104) by nearly equal valuey the ftnner 
in excess, the latter in defect; thus, in the itnit pair we 107*1 104 •¥ 8*1 » 

and 100*9 — 104 — 8*1 ; and in the second pair : 104*9 — 104 • + 0*9; eiril 

103 - 104 • - 1*0, 
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Xhe foUowing table eontama the atomic Tolamee of Otirtain ehlorldei^ brootald^ii^ 

and iodides J 


Formuls. 





Atomlo 
. Weight. 

Specific 

Grerlty. 

Atomic 

Volume. 

Chioridcs, 

Chloride of hydrogen • • 


• 


• 

36*5 

1'601 

24*3 


Chloride of lead • • • 

• 



. 

139-6 

5*78 

24*2 


Chloride of iron (ferrosum) . 


• 


. 

63*5 

2*528 

25-1 


CiJoride of calcium 





55*5 

2*205 

25*2 


Chloride of nickel . . 





66*0 

2*66 

25*8 


Chloride of mercuricum 





135*5 


25*5 


Chloride of ailvea* . 





143*5 

5*517 

26*0 


Chloride of cuprosum 





08*9 

3*70 

26*7 


Chloride of strontium . 





79-6 

2*96 

26*9 


Chloride of sodium 





58-5 

2*148 

27*2 


Chloride of barium 





104*1 

8*82 

27-a 


Bromides, 

Bromide of hydrogen 





82*0 


41*0 


Bromide of mcrcurosum 





281-0 


38 4 


Tiroiuide of sodium 





104*0 


35*2 

. 

Bromide of barium 





149*6 

4*23 

35 3! 


Bromide of mercuricum . 

■ 




181*0 

5-02 

30*6 

1 

Bromide of silver . 





189*0 

6-363 

29*8! 

[ 

Bromide of lead 





185 0 

6*63 

28-0. 


Iodides, 

Iodide of hydrogen . • 

a 




128*0 

If' ' - a 

2^5 * 

57*0 1 

1 

Iodide of potassium 

• 




168*2 

2*85 

58*3 1 


lixlide of sodium . • • 


a 



150*0 

3-45 

43*5 > 
42*8^ 
48*9 > 

Iodide of mercurosum • • 


♦ 



327*0 

7*644 

Iodide of silver 





235-0 

5-36 

Iodide of barium . 


s 



196-6 

4*917 

89*8] 


Iodide of mercuricum • . . 





227*0 

5-91 

88-4 1 


Iodide of load . . j.' 





231*0 

6*07 

38*1 J 



It will be observed that the atomic volumes of the bromides and iodides do not 
agree among themselves so nearly as those of the chlorides. The atomic volume of a 
bromide is not, for the most part, the mean between tliose of the oorres^nding chloride 
and iodide, but approaches more nearly to that of the chloride. (Schiff.) 

Tliat isomorphous compounds do in many instances Occupy equal atomic volumes 
i.s sufficiently apparent from the preceding examples. Nevertheless, Schroder con* 
eludes, &om calculations founded partly on his own detonmnationB of specific gravity, 
partly on t||ose of other observers, that equality of atomic volume is not neoessarily 
connected trith similarity of ciystallino form, but is exhibited by heteromorphous 
elements and compounds quite as often as by those which are isomozphous, if not 
oftener. (Pogg, Ann. cvi. 226; cviL 113.) 

The connection between the atomic volumes of compounds and of their elements bw 
not been so fuUy examined in solids as in liquids; nevertheless certain ^neral rela-^ 
tioQs have been shown to exist. The most important of these relations, first pointy 
out by Sdiroder, and further established by Kopp, is that equivalent quantUi^’f^ d(f^ 
Jf^rrnt elemente, in uniting with the same qwmti^ of a given elenunt {or oomjtound 
rftdicle) receive equal increments of volume. Thus, when 207-4 grammes, or 16*44 
f uh. cent, of lead (PV), 112 grm. - 13 c.c. cadmium (Od*), 63*7 jrm. « 7*2 e.e, copper 
(CV), or 66*2 grm. ■- 9*2c.c. sine (Zn*), unite with 16 gms. of c.Tygen (O) to iorm 
the compounds ThK), Cd*0, 6tc., the increment of vohune is found to be in esidi esM 
nevly 2*6 cubic centimetres. Again, in the oxidation of 112 smai. iron (Fe*) to fSaKtie 
oxide, Fe^O*, the increment of volume is 6*1 * 8 x 2*7 c-c. ^ l^e^ exphuistion of this 
law appears to be that certain elements enter into oombiDation with the sanie atomic 
volume that they occupy in the separate state. Such, according to Kopp^ is the esse, 
^th the hcAvy metals : so that^ by detenninhm experimeiitallj the atomic voluittes ol 
their oxides, dilofidcs, nitrites, See., and demicti^ thereftom the voiwa^ci th# 
metals themsdyes os^^Tfn in the table (p. 442), the atomic volmncs of O, HO*, sl^ 
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which cannot be obserYcd directlj, maj be found; tha8» a comparison of the oxidoi 
aboTO-nientioned shows that the atomic Yolnme of oxjgen in these compounds is 2*6. 

The metals of the alkalis and earths do not appear to enter into combination wi^ 
the same volume that they occupy in the free state. Their atomic volumes in com* 
bination must, therefore, be calculated by deducting &om the observed atomic volumes 
of their salts, the chlorides for example, the volume of the chlorine as determined 
from the chlorides of the heavy metals, this determination of course resting on the 
assumption that the atomic volume of the chlorine in combination is the same iu'aU 
analogous compounds. 

On these principles, Kopp has made the following estimations of the atomic volumes 
of the alkali-mets^, earth-metals, and certain salt-radicles : — 

17*4 
18*7 
10*4 
11*4 
8-6 
4-8 


121 

28-6 

18-9 

14*0 

16-7 

19*6 


2*6 
6*2 

These values were iletermined in 1841, and many of them require correction accord* 
ing to the atomic- ^eights and densities since established. According to Schroder 
(he, cit)f the relations upon which they depend are true only with regard to isomor- 
phoUB compounds, being regulated by the following general law: “ If two elements or 
groups of elements, A, &c., imite with other elements or groups, i>, E, form- 
ing comMunds AC and BC, AB and Jl^By AE and BE, &c., which belong to the same 
type, and are isomoiphous by pairs, the ^if^rences of atomic volume of AO and BC, AD 
pid BD, AE and. BE, &c., are always e^al ; but, i| these pairs of compound are not 
isomorphous, or belong to different typc%%en the 'differences of atomic volume are 
unequal’’ ■ - 

Messrs. Playfair and Joule have observed some remarkable relations between 
the atomic volumes of crystallised salts and that of the water which they contain, viz. 
1. In certain highly hydrated salts, viz. the aTsenaU s and j^hosphatea with 12 aU water 
and in carbonate of sodium, with 10 at^ water, the volume of the entire molecule is the 
same as that of the water of crystallisation frozen into ice, the particles of the acid 
«nd base apmaring to be interposed between those of the water without increasing 
the total bulk. The following table contains the specific gravity of some of tiiesa 
salts, as calculated upon this hypothesis, and as determined by direct experiment: 


Sitit. Specific Gravitj. 


Nii*CO» . lOH’O . 



Exp. 

. 1*464 

Calc. 

1*463 

Na«HPO< . 12H’0 . 



. 1*625 

1*627 

Na*PO‘ . 12H'0 


. 

, 1*622 

1*622 

Nu»HAsO< . 12H»0 



. 1*736 

1*736 

Na»AsO* , 12H»0 . 


• 

. 1*804 

1*634 


In cane-sugar and miih-sugar, the atom|6;yolume is the same as that of the hydrogen 
and oxygen, supposed to be united as water and finozen. Specific gravity of cane- 
sugar on this hypothesia ^ ^ expCr^ent » 1586 ; of milk-sugar, by calculation 
1*634 ; by experiment 

2. In another class hydrated magnesian sulphates (M®O.SO* 

+ 6H*0), nomuU sidpn<ttc pyropliosphate of sodium, and the 

alums, the atomic voIurae ;m>w4<l i^ qf^e solid water and of the base (MK>or. 
MH>*) ; in other words, the..T43%Be of the hydrated salt is made up of that of the water 
of dytalliaation frozen into ice,^d that of the base as it exists in the free states or 
in the anhydrous salt. (For details see the memoirs cited on page 449.) 

ATO»Kro ^ W Jtt6HITS^ The ultimate constitution of matter, and its finite or 
infinite divisiblnty, have been made the subjects of speculation and alignment from 
almost the^ earlient times. The molecular idea of matter seems to have prevailed ill 
the primitive philosophies of the Hindoo Phoenicians^ and EgypHuts^ from the laid 


in its salts 

K ,, ,, ••••■■• 

Nn tt 91 

■Rn. 

,, ,, •••«••• 

Sr ,, ,, ••••••• 

CO* in the carbonates of Pb, Cd, Fe, Mn, Ag, Zd, Ba, Ca, 

Na, Sr . . . 

NO* in the nitrates of Pb, Ag, NH*. Ba, K, % Sr . 
SO* in the sulphates of Cu, Ag, 7m, Ca» Na 
SO* in the sulphates of Pb, Ba, K, iSir ^ 

Cl in the chlorides of Pb, Ag, Ba, Ng . ' 

Cl in the chlorides of Nil*, Ca, K, Cep^ 

O in the oxides Pb‘^0, Cd-O, Cu'-^O, 

Fe*0*,Co*.0*, BTO», Pb^O- 
O in the oxides Ccu^O, Ag*0, Hhg®0, 


K,Mg, 


; Sr .r 

Sn^, Sb*0», 
V- “ • 
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(i whom it waa tensmitted to OrwkB. Among them, we And notion 

fif finite diTisibmty conatitnting the basis of the cosmogony of Democritus, who appa* 
rently acquired the doctrine directly fiom ^ucippus. ^ Subi^uently Epicurus, andt^ 
Epicureans generally, extended the atomic hypothesis; which, however, was strongly 
opposed by Empedocles and the lato Pythagoreans, who contended for the in- 
finite divisibility of mutter, and for its continuity in any given mass. Plato and 
Aristotle also, especially the latter, advocated the notion of infinite divisibility. In 
modem times, the doctrine of material atoms waa maintained by Newton, and opposed 
by Descartes, Leibnitz, and Euler. After the time of Euler, the question of the ultimate 
constitution of matter fell into some neglec^ although the non-atomic view seems to 
hare been generally preferred, until Dalton, in 1804 — 8, revived the atomic hypothesis, 
in order to account for the phenomena of chemical combination in definite and multiple 
proportions, which he first broi^ht prominently into notice. Prior to his discovery, the 
rliemicai composition of bodies, as determined by analysis, had been expressed in 
ci'iiteeima] proportions only, whereby tho relations in composition of different bodies 
were in great measure concealed from oliaervation. Thus, tJie relative composition of 
olefiant gas and marsh gas, waa expressed very imperfectly by saying that the former 
contained 85 7 per cent, of carbon and 14*3 per cent, of hydrogen, while tho latter 
contamed 75*0 per cent, of carb^ and 26*0 per cent, of hydrogen. It was from the 
results of an examination of these two gases mat Dalton was first led to the conception 
of his theory. He ascertained th%tl^both gases consist of carbon and hydrogen only, 
and set out the centesimal each in the customary manner, he 

observed further, that the to carbon is exactly twice as great in the 

rrne ease as in the otlieri ^lhat;iq. for instance, the carbon is to the hydro- 

g<Ti as 6 to 1, wher^ ia:i^na]sli<^g^ it is as 6 to 2. Or, in other words, a given 
quantity of carbon unites witb^citksc one or two pro^rtiona of hydrogen to form the 
respect ive compounds, olefiant^gM and marsh-gas. Dalton, whnss turn of mind waa 
essentially mechanical, explained the constitution of these two oott^pounds by supposing 
that the first consisted of I at. of carbon united with 1 at. pf^^drogen 00, while 
the second consisted of 1 at, of carbon united with 2 at. of hydrog^b 000, the atom 
of carbon being considered to havo Q times the weight of the* atom of hydrogen, 
lie then calculated the composition of other bodies on tho same plan, and found, for 
instance, that the quantity of hydrogen which unites with 6 pts. of carbon to fomr 
olefiant gas. unites with 8 pts. of oxygen t^orm water. Hence water was represented 
by the symbol OO* the atom ogf oxygen being considered to have 8 times the we^ht 
of the atom of hydrogen. The Ctpwi^iiug^int of Dalton^s theory was reoched when 
he discovered that the numbers which S^iApined the respective combining proportions 
of carbon and oxygen with 1 pt. of hyds^gen, also expressed the proportions in wMeh 
they combine with one another. Thus the ratio of carbon to oxygen in carbonic oxide 
gas was found to be as 6 to 8; whezeUs in carbonic anhydride gas it was as 6 to 
ivnrr 8, The former compound he considered to result from tho union of 1 at. of 
1 at. of oxygen 0O ; and the latter to result from the union of 1 at. of 
carbon with 2 at. of oxy^n O0O* Dalton extended the same views to the oom» 
pounds of nitrogen, and concluded that the quantity of that element which united with 
1 pt of hydrogen to form ammonia G.J0, united with 8 pts. of oxygen to form nitrous 
GO. We may apply this formula for nitrous gas to the compound known as 
liitrous anhydride, though, firom an error in the ronj^h process of analysis then i^opted, 
rt was intended to apply to what is now called nitnc oxide, or doutoxide of nitrogen: 

present day, it is highly interesting to compare the information afforaed 
expressions for the above-mentioned compounds, with the infomation 
•corded by a statement of their respecUTC centesimal proportions, thus : — * 


Dalton’s Expretiloni. 


Centealmal Propottfoni. 


Olefiant-gas . . . « + If" 00 ’86'72 + 14*28' 

Harsh-gas . . . 6 + (wics 1- 000 7dri>0 -f 25*00^ 

Water . . . . 8 + I , V OO > - 88-89 + Ifll 

Carbonic oxide . • 6 -h ^‘00-*' 42^*86 + 67*X4 

Carbonic anhydride • 6 + -0:27 4- 72*78 

Ammonia . . . 8 + 82-85 + X7-65 

Nitrons gas . . . 5 + V, 88-89 + 68-28 

Dalton thus established that general ^nd^ In'" A<^0stiy as the law of 

combination in definite and multiple propd'rtions. He showed that a ptf» 
ticular number might be selected fbr eveiy element, in such a maimer that the prop^ 
by weight in which any two or more elements combine with 4>n0 another, should 
^ ratios of their respectire nutnbera, or of diffiwent multiplss. ^ thosa 
"Unhein. And hpaseonated for thm law lysapposing that ttmelengMuts unite with ona 

00 8 


86-72 + 14*28 
74:60 -f 25*06 
68-89 4- irii 
42-86 4^ 67*14 
0:27 4. 72*78 
82-86 4- 17-66 
86-80 4- 63-26 
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Bsaoihiae atom to atonic and that the proportional number accorded to each particular 
element expresses the relative weight of its atom. Hjdrog^ being the lightest 
substance in nature* was at once chosen by Dalton as the unit in his scale of atomie 
weights, and the weights of the atoms of other elements were established by ascer- 
taining, directly or indirectly* the respective quantities of those elements which unite 
either with 1 pt. of hydrogen, or with the quantity of some other element whi<h unites 
with 1 pt, of hydrogen. But many chemists, who speedily acknowledged the truth cf 
Dedton’s laws of combination, refused to admit the atomic doctrine which he had de- 
duced therefrom. Among these was Davy, who introduced the word proportion as 
asubstitute for Dalton’s word atom, conceiving the use of the latter word to to objectioa* 
able, as involving a theoretical assumption. At the present day,^ the word attjm 
is most generally employed by chemists ; but> while some use it in its strict Dal- 
tonian materialistic sense, others use it, in an abstract sense only, to express tho 
smallest indivisible combining proportion of a body, and consider the proportional 
number of a body as an ultimate or unexplained property pertaining to it. Dalton's 
symbols were speedily replaced by those now in use, which represent the abbreviated 
names of the elements. Every such symbol is used to express one atomic proportion of 
its particular element. Thus, 01 stands for 36*5 pts. of chlorine, Na for 23 pts. of 
sodium, and As for 75 pts. of arsenic, as compared with 1 pt. by weight of hydrogen. 
Every compound body being composed of two or more elementary atoms, is expressed 
by an allocation of symbols. Thus, common salt or chloride of sodium is represented 
by the formula hTaCl, which implies a compound of 23 pts., or 1 combining proportion 
of sodium, united with 35*5 pts., or I combining proportion of chlorine. Again, tri- 
chloride of arsenic is represented by the formula AsCl*, which implies a compound of 
75 pts., or 1 combining proportion of arsenic, united with 106*5 pts. or 3 combining 
proportions of chlorine. 

In tho case of compound bodies, the sum of the atomic weights of the constituent 
elements is taken as tho atomic weight of the compound. Thus, the atomic weight of 
<diloride of sodium is 58*6 and that of trichloride of arsenic 181*5. The relative 
quantity of a compound body, represented by its formula, is frequently spoken of as 
its atom, and there is nothing unphilosophical in such an employment of the word. 
By the atom of sodium, for instance, is understood, the least indivisible proportion 
or -the elementary body sodium, and by the atom of chloride of sodium, the least 
indivisible proportion of the compound body chloride of sodium, that can have 
any existence. Soon after the publication of Dalton's thijory, it received a valuable 
corroboration, through its adaptability to groupings of elements or compound atoms. 
Wollaston, in the course of some analytical experiments, noticed, that if in the two 
carbonates of potassium, the weight of oxide of potassium be taken as constant, then 
the weights of carbonic anhydride in each salt are to one another as 1 to 2; and 
Thomson made a similar observation with regard to the two oxalates of potMsium. 
Hence these salts were represented at that time, in accordance with Dalton’s views, as 
consisting respectively of one compound atom of oxide of potassium, ti cited with one 
or two compound atoms of carbonic anhydride, and with one or two compound atoms of 
oxalio anhydride. The compound atom of n b^y, or more correctly the atom of a com- 
pound body, is now often spoken of as its molec u 1 e ; but, in many esses, there is a dis- 
tinction between the application of the two words which will be presently adverted to 

The accuracy of Dalton’s laws of combination in definite and multiple propoitiona, 
was confirmed by a reference to the previous neglected researches of Wenzel rad 
]^chter upon the double decomposition of salts ; and by the subsequent b^iant 
researches of Gay-Lussac upon the laws of combination by volume; in which he 
showed that the combining proportions of simple and compound pases might be ex« 
pressed volumetrically or by Dufik, as well as numerically or by weight. 

It is worth while to refer for a few moments to the above-mentioned experiments 
of Wenzel and Kicbter. If we add together solutions of chloride of so^ntn and 
nitrate of silver, which are both neutral salts, we get by double decomposition, 
chloride of silver and nitrate of sodium, and the mixture still remains neutraL There 
is no redundancy or deficiency of either sodium or silver, but the quantity of sodii^ 
separated from its <^oxide is exactly sufficient to replace the silver separated feom its 
nitrater and vice ttersA, Wenzel, of Freytorg in Saxony, as early as the year 1777* 
made vety many analyses of salts with great accuracy, and waa^ therebj enabled to 
account for this neutriuily, resulting from the mutual decomposition of neutral aidts, 
hv diowing that in all salts the quantities of aalt-rcsidue, so to iq>eak, which m 
l&ed with equal weights of some one metal, will also combine with ^ual w^hts m 
aiiT other metol Thns^ if y grains of chloride of sodium, and s grains of nitn^e^ 
sraum alike eontain * grains of sodium, then (y ‘t* w gra^of ehtoide of 
and (# — jr) <4- w grains of nitrate of silver will alme contain W grains of 
because the quantitiee x and ts represent the relative eambining {nmKXBtions «f the 
metals, silver and sodium, which can take the place of one another, ana unite with the 
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■ame amount of chlorine or other salt radicle, or reeidue. Rioht<^, of BreaUa in 
^lesia* publiah.ed« in the year 1792, what may be regarded as an extension of 
the views and experiments of Wenzel He showed that the neutrality of a saline 
-olution does not change during the direct pmipitation or substitution of its metal 
bv some other; and that the respective quantiti^ of different metals which displace one 
another in salts, all unite with the same weight of oxygen. He also constructed 
a table of the quantities of different oxides or bases, which contain replaceable 
amounts of met^ and of the <|uantitie8 of different acids which can be neutralised by 
those quantities of the respective bases. His experimental results were' very in accu- 
rate. ^t his notions of chemical decomposition, had the;^ received due atten^on at 
the time, must have led directly to the doctrine of combining proportions, if not to 
the Daltonian theory of atoms. It was not until some time the publication of 
l>itltou*8 views, that Berzelius first called attention to the prior researches of Wenzel 
and Ktchter, as affording a valuable confirmation of the laws of chemical combination 
which Dalton had enunciated. 

In the establishment of proportional numbers or atomic weights, two distinct 
IKDints have to be considered, namely the exact determination of the ratios, according 
to winch bodies combine, and the correct expression or interpretation of those ratios. 
The first is a question of experiment, while tho second is one of judgment or inference. 
Thus whether the ratio of hydrogen to nitrogen in ammonia is os 1 to fi, or us 1 to 
4*67 is a question of mere experiment : but whether the atom, or smallest indivisible 
combining proportion of nitrogen is 4*67 times, or 14 times as heavy as the atom or 
smallest indivisible combining proportion of hydrogen, and consequently, whether the 
molecule of ammonia consists of one light atom of nitrogen united with 1 of hydro- 
gen, or of one heavv atom of nitrogen united with 3 of hydrogen, are questions for 
tlie judgment, which can only be decided by an intimate acquaintance with, and carefiil 
consideration of very many circumstances relating to the respective bodies and their 
eongi^ners. The numbers originally chosen by Dalton to express the ratios in which 
the different elements unite with 1 part of hydrogen, are most of them very in- 
correct. Thus his number for nitrogen was 5 instead of 4*67, that for carbon 6 instead 
of 6, that for oxygen 7 instead of 8, that for phosphorus 9 instead of 10*33, that for 
sulphur 13 inst(^ of 16, and similarly with the remainder. Davy raised the number 
for oxygen from 7 to 7*6, which Prout, soon after, on theoretical grounds increased to 8* 
But the first series of numbers, deduced from trustworthy experiments, was drawn up 
hy ^rzelius, whose results, the work of a lifetime, must ever excite our highest 
admiration for the marvellous industiy and skill by which they were achieved. Of 
late years, when analytical and synthetical processes have been so greatly simplified 
and improved, many of his atomic weights nave undergone slight corrections at the 
hands of Dumas, Marignac, Pelouze, Stas, Maumon4i, Erdmann, Marehand, and others, 
hut the general exactitude of his numbers still remains unimpeached. Berzelius, 
f)llo wing the example of Wollaston in this country, selected the atomic weight of 
oxygen as the unit of his scale, and the same plan was adopted until within this last 
tw*eiity years by continental chemists in general. The atomic weight of oxygeU 
was fixed at 100, and those of the other elements estimated in accordance therewith; 
but the simpler numbers by which most of the ratios are expressed on the hydrogen 
scale, have eventuaHy secured for it the preference. ^ * 

In the year 1816, jProut, in a paper **on the relations between the specific gravities 
of bodies in the gaseous state, ana the weights of their atoms,** propounded the Idea 
that the atomic weights of aU bodies are multiples of the atomic weight of hydrogen. 
His opinion was shared by Dalton on other grounds, and met with veiy general ac- 
ceptance in this oountiy. But it was never acknowledged Berzelius, or until lately 
by any Urge number of continental chemists* Although Prout'a views must bs c<wi- 
Mder^ in the present state of our knowledge, to rest rather upon a speculative than a 
sul^tantialphihMiophical basis, it cannot be denied that the tendency of modern investi- 
gation has been to oonflrm his law; or rather a certain modification of it^ which Dumns 
fii^ introduced in a definite form, but which Prout himself seems to have admitted. Ac- 
cording to this modification, the atomic weights of all bodies are multiples by whole 
untnbm of a submultiple of the atomic weight of hydromn. A striking confirmation of 
this view oocnrred in the year 1840, when Dumas and 8tas showed that the atomic 
'"height of carbon is exactly 6. In 1843 Dumas also showed that oxygen and hydrogen 
unite to form water exactly in the ratio of 8 to 1, and his experiments were eonfirmed^ly 
those of Erdmann and Maichand. Then Pelottze and Mangnac separately sseertaiiicd 
that the atomic weight of nitrogen is 14 ; and Maumen4, 'Miurignae, and Pelonze, seps- 
^tcly ascertained l£at the atomic weights of chlorine, silver, and potassinm coincide 
alnuit abaedntely with the mimbmof 36*6. 108, and 39 respectirely. Pelouseshowed 
al«o that the atomic weights of sodium, barium, and arsenic are 23. 68*6, and 76 respec- 
tiveiy. At the peeaent time, out of My>eig^t elcmentazy atomic weights, Oslcuiated 
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from the acknouXadged best experimenter not more than half a dozen differ ap^dably * 
firom midtiples whole numbers of half the atomic weight of hydrogent* . 3ome of 
these exception^ numbers ought probably to be doubled, whereby they wbuld aceozd 
with Front’s modihed law, wmle others or them can hardly be looked upon as satisfius- 
torily determined. It is worthy of obserration also that the smallest ^pntle weights 
which, as a general rule, are those of the best known, and mo^ ^dfbhy estimate 
elements, accord the most precisely with Prout’s law. Dumas is of tj|pt 

some of the exceptional numbers are multiples of one-fourth the atoukie wd^t of 
hydrogen. Stas, from an elaborate series of experiments, the exactness 
seems impossible to exceed, has arrived at the conclusion that Prout’s lawis 
or at any rate that it is only approximatively true. He has obtained the foUowfiw 
numbers for potassium, sodium, silver, sulphur, nitrogen, chlorine, and lead, 
number has been derived from numerous closely concordant experiments performed ny 
different processes, on a scale of magnitude and with a degree of delica<^, hitherto 
unequalled. Hi« number for potassium, however, is the omy one which differs oon* 
■iderably i,e. J per cent, from the usually accepted number: 


Potassium 



. 39 

Star's numbers, 

39*130 

+ 

Difibrences. 

0*130 

Sodium . 



. 23 

23*050 

+ 

0*050 

Silver 



. 108 

107*943 


0*067 

Sulphur . 



. 32 

32*074 

+ 

0*074 . 

Nitrogen . 



14 

14*041 

■f 

0*041 

Chlorine . 



. 35*5 

85*460 

— 

0*040 

Lead 



. 103*5 

103*457 

— 

0*043 


Hence it is apparent that the differences in the experimental determination of the 
ratios according to which bodies combine with one another, have been reduced witMu 
very narrow limits. But the case is far otherwise when we come to consider the in- 
terpretation of these ratios, or the establishment of the atomic weights of sinn^le and 
compound bodies. Thus mercury unites with chlorine in two proportionSfllp' form 
calomel and corrosive sublimate respectively. In the former compound the ratio 
chlorine to mercury is as 36*5 to 200; and in the latter as 35*5 to 100 ; or akIfsftH 
35*5 to 200. We have therefore to decide between the numbers 200 and 100, wbfiisl 
with to express the atomic weight of mercury. If we select the number 200, the 
mi^ of calomel will be HgOl, and that of corrosive sublimate HgCP. If we sel^t tUT 
number 100, the formula of calomel will be Hg*Cl, and that of corrosive sublinU^ 
HgCl. Much the same difficulty also exists in those cases in which two elements combine 
in only one proportion. Thus clilorino unites with silver in the proportion of 35'd to 
108, or to twice 54. Now supposing even that we all agree to represent e^omel by 
Hg^'Cl, and corrosive sublimate by HgCl, we have still to consider whether ^loride of 
silver is a body analogous to calomel or to corrosive sublimate, before we can deddq, 
upon repros«nting it by the formula Ag*C^ in which Ag « 54, or by the formula AgCI, 
in which Ag sa 108. Again, chlorine unites with aluminium in the single proportion 
of 35*5 parts of chlorine to 9 parts of aluminium. Chloride of aluminium may oonse- 

3 uently be represented by the formula AlCl, in which A1 =* 9 ; or by AlCl*, in which 
J — 18; or by AlCP, in which A1 = 27 ; or by Al'^Cl, in which A1 ■■ 4*6 ; or by 
A1®C1*, in which A1 13*5; or by one of many other possible formulae. From k 
variety of considerations, more or less complicated, the last formula, AIKIP, is the opo 
which has been generally but not unanimously adopted. Again, the compomti 



marsh-gas has b^n- ascertained with tlie greatest certainty. The ratio of U|i| 
•hydrogen is precisely as 3 to 1. Hence we may represent Uie gas by the fori 
in wh^ the atomic weight of carbon ^ 3 ; or by the formula CH^ in which 0 
or by the formula CH*, in which C » 9 ; or the formula CH*, in which 0 • 12 r 
dr We may represent the gas by the formula C^H^, in which 0 = 6; Jfee. See, At the 
present time, all chemists are agreed that the molecule of marsh-gas contains four atcinis 
of hydrogen, but they disagree us to whether it contains two atoms of carbon bkvinll 
(Moh the value 6, or one atom of carbon only having the value 12.^ ; : 

' It is obvious that the atomic weights of an element and of its oombmationib ihpqjd^ 
be selected so as to express the entire series of combinations by the simplest seritf ^ 
tonnultt ; so as best to accord with the chemical properties and metamoiphoses ef the' 
bodies ; so as best to illustrate their analogies with other bodies ; and so as to be 19 ^; 
relation with their ^ysical properties, such as their specific volumes, specific heatot; ' 
isomorphism, 6^ Now it so happens that these different requirement^ chemical a|^ 
physic^ are not always satisfi^ by one and the same number. Hence we hat; 
sabordinate requirements, much in the same manner that zoologists and 1 
ordinate characters, and to select that atomic weight which fiilw the greatest J 
9r rather the most important of them. Many of the discrepanciM whmh werp / 

* since thte article was vrittea <1869) the fornukk CH*, in which C = It, hat been 
adopted. * 
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tboiifffat to between the nTunbera deduced resitectively from chemkid aad phyiieftl 
canudoationa, hare of late years been satisfactorily explaitied away; and we have 
ereiy xeason to beliere that with increasing knowledge leading to higher generalisations^ 
all rach anomalies as at present eidst will also disapi^. 

In a determihatibn of the least indivisible combining proportion» or chemical atom 
of a body, it iaidear that purely chemical considerations must be entitled to the greatest 
weighty and to some of these we will now direct our attention. If we examine marsh- 
gaSy iat instance, we soon perceive that its molecule contains four atoms of hydrogen ; 

yre dhd ourselves able to displace one-fourth, or two-fourths, or three^fourths, 
flSlfo^fburths of its hydrogen. In other words, we find that its hydrogen is ^visible 
into four equal parts ; and as the atom of by dro^n expresses the least indivisible part 
cf hydrogen that can enter into a combina^tion, it is evident that marsh gas must con- 
tain four of such parts, or four atoms, ^ of hydrogen. Thus taking the formula for 

marsh-gas, we have the following scries of derivatives, the constitution of which could 
not be expreraed, save by according four atoms of hydrogen to the molecule of the gas. 
Marsh-gas OH*. 

O H*Cl Chloride of methyl C* H*Na Sodium-methyl. 

O H*C1* Dichloride of methylene , , 

OHCl* Chloroform C'HI* Iodoform. 

O Cl* Tetrachloride of carbon 

Hence the metamorphoses of marsh-gas show that the most simple formula by which 
the ratio of its carbon and hydrogen can be expressed, namely, CH, is not the proper 
formula of the body. Again, the quantity of marsh-gas, which is the resultant of any 
reaction, cannot be expressed with less than four atoms of hydrogen. Thus, when 
acetic acid is decomposed by heat, we have the reaction, 0“*** « C'H* + C*0*. 

The quantity of carbon C**, which unites with 4 pts, of hydrogen to form marsh-gas, 
unites with 32 pts. of oxygen to form carbonic anhydride ; but whereas the quantity 
of hydrogen in marsh-gas is experimentally divisible into 4 pts., the quantity of oxy- 
gen iiy^bonic anhydride is experimentally divisible into 2 pts. only ; so that while 
we rcpment marsh-gas by the formula O' H*, we represent carbonic anhydride by 
Mlhe formula O' 0*, as will be again referred to. 

The same class of chemical reasons which induce us to regard marah-gas as tetra- 
bydrlc, also induce us to regard ammonia as trihydric. In ammonia we can replace 
^Qe-third, or two-thirds, or three-thirds of its hydrogen, but we cannot replace one- 
iburtli, or two-fourths, or three-fourths. The hydi^gen in marsh-gas being divisible 
into 4 equal parts, the hydrogen in ammonia is mvisible into 3 equal parts only, and 
consequently the molecule of ammonia contains 3 indivisible proportions or atoms, of 
hydrogen. We are acquainted with many ammonias in which one, two, and tlirec- 
thirds of the hydrogen are displaced, for example : 

N* H* Ammonia. N' HI* Diniodamide 

N'H*K Poiassamine N'Hg* Trimercuramine, &c. &c. 

But the most striking illustration of displacement by thirds is afforded by Hofmann’s 
researches on the voktile alkaloids, in which he successively disj^laccd one, two, and 
three atoms of hydrogen in ammonia by a mere coiitinuatioD of one and the same 
process ; 


toula. 

Ethylla. 

(H 

Dlethj»a. 

Trlethylls. 

(m 

Ethyl-methjUsnlllne. 

(Et 


H' Jh 

N' jEt 

K'^Et 

N* ^Me &C. Ac. 

Ih 

(Et 

(Et 

(Et 

(Ph ^ 


in ninety-nine cases out of a hundred, the quantity of ammonia which is the 
agent or resultant of a reaction, must contain 3 or some multiple of 3 atoms of 
hydrogen. Thus when ammonia results from the hydrogenation of nitric aci^ wo 
obtain, for eveiy molecule of nitric acid containing 1 atom of hydrogetf, a quaivtitpy^ 
ammonia containing 3 atoms; and when ammonia reacts with benzoic chloralde- 
hyde to form benzamide and sal-ammoniac, we require, for every molecule of benzoic 
chbraldehyde decomposed, a quantity of ammonia centring twice 8 atoms of hydrogen, 
2N* H* ; and so in otW instances. In the great m^*ority also of oompounds which 
ammoxiia forma dizectiy with other bodies, toe quantity of combining ammonia mutt 
necessarily be represented with 3 or some multiple of 3 atoms of hydrogen. Thus tho 
single nmlecule aldehyde hnitee with N'H*, and the single molecom of nitrate of 
silver with H*. &e. Bbqwess these combinations or reactions how we please^ we 
repreeent them save with a propo|tion of ammonia containing 3 or some mnl- 
of 3 atoms, of hydrogen; end ninety-nine cases out of a hundred uill yield the eeme 
In ^oee few exceptional eases in which toe combining or leectiDg ammonia need 

tobe^ so reprem^f^^^ns u^en ammonia ie^*^wipoied byesceasof ehlorme, there*' 
action inight ly. e st pres eed, thus -i- Cl ^ N^d ^ fid: but it is quite cettain 
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that the molecule of chloride of nitro«n contains 3 at. of chlorine^ and conseqneotly > 
the reaction by irhich it is produced ought to be expressed thus : N* 1^ .f Cl* ^ 
N* Cl* -f* dHCl ; and so in other instances. 

The same class of chemical reasons which induce us to regard maish-^ as tetra- 
hydric and arnmonia as tribydric, also induce ns to regard water as dihydnc. In water 
we can replace one-half or two-halves of the hydrogen, but we cannot replai^ one-third ‘ 
or two-thirds as in ammonia, or one-fourth or throe-fourths as in marsh-gas. If we 
act upon water O H* by metallic potassium, we displacebne-half its hydrogen to form 
the veiy definite body hydrate of potassium O' KH ; and if we act upon hydrate of 
potassium by ^tassium, we displace the other half of the hydrogen and form oxide of 
potassium O' KK. Or instead of introducing a second atom of potassium, we may 
turn out the first one. Thus if we treat hydrate of potassium O' KH with io^de of 
ethyl we obtain alcohol O' £tH, or we put a molecular grouping called ethyl in the 
place of the potassium, which displaced one-half the hydrogen of the water. Now if 
we act upon the alcohol thus formed by potassium, it behaves exactly as did the 
hydrate of potassium, or in other words it yields the remaining half of the original 
hydrogen in exchange for potassium, and we obtain ethylate of potassium O' EtK. If 
we now act upon this new body hy the iodide of methyl or ethyl, we turn out the 
potassium representing one-half the original hydrogen and ohVdin ethylate of methyl 
O' EtMe, or ethylate o/ ethyl O' EtEt. 

Again, in ninety-nine cases out of a hundred, the quantity of water, which is the 
agent or resultant of a reaction must contain 2 or some multiple of 2 atoms of 
hydrogen. Thus, whenever an alcohol,^ ketone, or any dcdiiitc organic substance, 
yields a hydrocarbon or other compound by dehydration, — whenever an organic acid 
yields a pyroacid, or other pyrogenoua product hy deliydration, — whenever a salt of 
ammonia, phenylamine, or other volatile alkali loses water, — and whenever two com- 
pounds act upon one another to form a new body with simultaneous elimination of 
water, whether the action he that of an acid upon a hydrocai'bon, of an acid upon an 
alcohol, of an acid upon an alkali, of an acid upon an acid, of an acid upon an alaehyde, 
of an alkali upon an aldehyde, or of an alkali upon an alcohol, —the quantity of 
water eliminated inevitably contains 2, or some multiple of 2 atoms of hydrogen. 
Moreover whenever a conjugated compound or diameride, a chloraldehyde, an oigauo- 
metallic bod 3 % &c. &c., is decomposed by water, the quantity of water which reacts 
must necessarily be represented with 2 or some multiple of 2 atoms of hydrogen. 
Eor example, when water reacts with hippuric acid to form benzoic acid and glycocine, 
for every molecule of hippuric acid decomposed, we require a quantity of water con- 
taining 0' H*. When gl^'cerin becomes acrolein by dehydration, for eveiy molecule 
of glycerin decomposed we obtain a quantity of water containing 20' H*. When 
nitric acid reacts with naphthalene to form nitro-naphthalene, for every molecule of 
nitric acid which reacts, wo have eliminated a quantity of water containing O' II*. 
When acetate of ammonia becomes cyanide of nieth^'l by loss of water, for every 
molecule of the salt decomposed, wc liberate a quantity of water containing 20' H* ; and 
so in an infinite number of other instances. Again, in the majority of direct compounds 
which water foruis with other bodies, the combining water must be represented with 
two atoms, or some multiple of two atoms of hydrogen. Thus the molecule of glucoso 
differs from that of fructose, and that of lactine differs from that of dextrine by the 
addition of O' H*. The molecule of tu^ntino becomes hydrated turpentine by 
absorbing 30' H*, and so in many other instances. The water of crystallisation in 
the great majority of hydrated salts must be represented with 2 atoms, or some 
multiple of 2 of hydrogen. Thus the molecules of chloride of barium, nitrate of 

mercurosum, and cbloride of copper, crystallise with O' H'; the molecules of nij^te 
of cadmium, chloride of manganese, and nitrate of calcium with 20* H* ; the mole- 
. cules of chloride of calcium, nitrate of magnesium, and acetate of sodium with 30' H*; 
the molecules of microcosmic salt and hydrate of barium with 40* H* ; the molecule of 
borax with dO* H* ; the molecules of chloride of aluminium and potassio-sulphate of 
t^ickel, with 60' H* ; the molecule of common arsenate of sodium with 7 or 12 O* H*{ 
and the molecules of alum and rhombic phosphate of sodium with 120* H*, &c. 

There are some comparatively few salts, the acetate of barium, for example, in which , 
the water of cj^stallisation might be reprinted by or by IJO'H*, &e., but 

none in which it need be so represented; while there are scarcely anyroactions in which 
the resulting or reacting water could possibly be expressed by JO* H* or 1 JO* H*, and 
none in which, it would be correctly so expressed. 

We have mentioned above that the quantity of carbon which unites with ibor 
separable portions of hydrogen to form marsh-gas, also unites with two separable 
portions of oxygen to form carbonic anhydride. Now each of these separable portioas 
of o^geQ is utotioal with the quantity of oxygen O', whidi unites with 2 parlaM 
hydrogen to form water. 





Xxuftly, iwlim «otM to hydrochloric acid» we are luiableto show that 

its hydrc^n it divisible^, and we oonseqaeutly look upon its molefsale as oontaining but 
one atoiu, or one indivisible proportion of hydro^n ; whence we represent the com* 
pound by the formula C1*S> and we may anticipate here by remarking, that all 
physical evidence tends to show that the molecolea of marah-g^ ammonia, water, and* 
chkrhydric acid contain respectively four, three, two, and one atom of hydrogen. 

In addition to the class of binaiy hydrides, the atomic weights of the principal 
members of which we have just consider^ there is another laige dass of hydreaenisod 
bodies, namely, the class of ternary or oxacids, the correct determination of whoso 
molecules is of the highest importance. The molecule of oxalic acid, for instance, may 
iie represented by the formula C» HO’* *■, or O’* *11*0^* •*, according as the acid is found 
to be monhydric or dihydric, monobasic or dibasic. Now the poly basicity of an add 
does not depend in any way upon the indivisibility of its formula, but solely upon its 
}x>sse88ioD of certain specific characters ; and the examination of the properties of oxalic 
acid soon shows us that its molecule must be represented, not by the more simple mono- 
basic, hut by the more complex dibasic formula. In fact tho same class of chemical 
reasons which induce us to regard water as dihydric, must also induce us to regard 
oxalic acid as dihydric, and so in other instances. Inasmuch as the modes of dis- 
tinguishing between monobasic, dibasic, tribasic, and tetrabasic acids have been 
rninutcly set forth in the article Acids, it is imnocessaiy hero to repeat them. We 
will only observe that certain special acids, to the properties and metamorphoses of 
which we shall presently have occasion to advert* are proved by their specific charao* 
tors to be dihy^ic and dibasic, namely : 


Carbonic acid' 
Oxalic acid . 
Sulphurous acid 
Sulphuric acid 


IPC*0*** 

H*S-0*** 

H*S*0*** 


We will now turn our attention to the atomic weights of the four elements with 
which the hydrogen of the four primary hydrides, whose atomic weights we have con- 
sidered somewhat minutely, is combing ; whereby it will appear tliat the quantifies of 
carbon, nitrogen, oxygen, and chlorine which we have represented by tno symbols 
O , N' , O'* , and cfl-* , respectively, constitute the atoms of these elements, or the 
Hmallest iudi\dsLble proportions of them which can enter into chemical combination. 
To begin with carbon: we wish to prove that 12 parts of that element, or the 
quantity thereof which combines with 4 parts of hydrogen to form marsh>(|as, is 
tho smallest proportion of carbon that can exist in a compound. Wo find in tho 
first place that the quantity of carbon contained in the great majority of earbon-com- 
I>ouuds must necessarily be represented by or some multiple of 12 parts. We may 
liddiice in illustration of this position, the primary series of homologous fatty acids and 
their sodium-salts. 


Formic • qi >* mjI’' O’ * • 

Acetic • C’*‘*H*0««* 

Propionic • C* " '’H* O* » • 

Butyric . 

Valeric . C** 

Caproie . C* * * • 


NaO*«’ 
C' * *’li* NaO-» « « 
C’^^n^NaO-*’ 

NaO»K» 

C** “IP NaO*«* 
C«*'*H"Nh05"« 


Formate 

Aeetato 

Ih<opionate 

Butyrate 

Valerate 

Caproate 


The ratio of carbon to hydrogen in the sodium-salts, necessitates our expressing 
the constituent carbon as a multiple of 12. The mere ratio of carbon to hydrogen in 
the acids, would allow the carbon, in all of them, to be expressed satislkctonly by 
numbers which are not multiples of 12, but of 6. Valeric achi, for iitoCanoe, might he 
represented by the formula C* * ’HK)* ; but the circumstance that or ^-tenth part of ita 
hydrogen can be displaced by sodium prevents the possibility «#f our halving the 
hydrogen in its molecule, and eonsequenuy of our reducing its car eon from a mutiple. 
of 12 to a mere multiple of 6. 

From the circumstance that all carbon-compounds roust be represented with 12 
parts, or some multiple of 12 parts of carbon, it follows that whenever two compounds 
differ firom one anotner by the different proportions of carbon which they respectiveZy 
contain, that difference amounts to 12 parts of carbon, or to some mnltiple of 12 ports. 
Thus, wood-epirit consists of 16 pts. of oxygen. 4 pts. of hydrogen, and 12 pto. oi 
<»rbon, whereas in aldehyde we hare another 12 parts of carbon, and in aorolein twu 
other 12 ports of carbon in addition, so that the three bodies may be r e pr ese nt e d tiy 
the lei^ectm fimnnlsB : 





“HKV- 


Wood-on 

AJdebyS 


46a 


ATOMIC 


We not anquainted with aaj bodies intertai 
spirit and aldehyde^ or between aldehyde and ^ 
anticipate their formation at any future time. Again 
jinited with seven times 12 parts of carbon ; whereas 
of carbon, and naphihalem three other 12 parts of 

O’**" H* , . . 



iaxx te^gon to 
^8 parts of hydrogen 
ranother 12 parts 

Toluene 

Ginnameno 

Wanting 

Naphthalene 


Now the probability amounts almost to a certainty that a hydrocarbon intermediate 
between cinnamen© and naphthalene will be discovered, and that a hydrocarbon inter- 
mediate between toluene and cinnamene, or between cinnamcne and the expected com- 
pound, or between the expected compound and naphthalene will not be discovered. It 
follows also that when carbon, plus some other element or elements, is added to or 
taken foom a body, the quantity of carbon added or subtracted is always 12 parts, or 
some multiple of 12 parts. Thus the molecule of sodium-ethyl absorbs 12 parts of 
earbon, plus some oxygen to form propionate of sodium ,* aconitic aoid^ by the loss of 
12 parts of carbon, plus some oxygen, becomes citraconic acid ; a,nd phtkalic acid, by the 
Jess of twice 12 parts of carbon, plus some oxygen, becomes henzerie. Moreover in 
those series of compounds known as homologous, the quantity of carbon in each 
successive member of the series increases by 12 parts, as shown in a preceding table of 
the fatty acids and their sodium-salts. All chemists recognise the fact, which is 
indeed indisputable, that the smallest increment or decrement of carbon that can be 
effected in a compound is 12 times as great as the smallest quantity of hydrogen 
that can be introduced into or displaced from a compound ; so that if the entire series of 
carbon-compounds is to be represented by the simplest satisfactory formulae, the atom or 
smallest combining proportion of carbon must bo represented as having 12 times the 
weight of the atom or smallest combining proportion of hydrogen. But some chemists 
who from old association still accord to carbon the atomic weight 0, consider that all 
carbon-compounds contain an even number of atoms of carbon, and that in the decom- 
positions and recompositions of these compounds, two inseparable carbon-atoms are 
always concerned. But if we understand the smallest inseparable or indivisible pro- 
portion of an element to constitute its atom, the (conception of two inseparably asso- 
ciated atoms is clearly illogical. Two small atoms of carbon, having each the value 
8, if they can never be separated from each other, must nececessarily constitute one 
laige atom of carbon having the value 12. 

There are two well-known compounds of carbon, namely, carbonic oxide, and car- 
bonic anhydride, which may possibly be regarded as constituting exceptions to some 
of our previously made assertions. Thus the molecules of these two bodies may be 
represented by one or other of the following pairs of fomulse : 

£ii X « Qi xi Carbonic oxide C* O** *• 

K • Carbonic anhydride C* “ “ 0-** 


Now provided we recognise the dibasicity of the carbonic, oxalic, and other similar acids, 
as their chemical properties require us to do, it is quite certain that a proportion of either 
carbonic oxide or carbonic anhydride, containing only 6 parte of carbon, is incapable 
of effecting, or of resulting from, a definite cliemical reaction. Carbonic anhydride in 
particular, is a very frequent product of chemical action, but in no definite decomposi- 
tion do we ever obtain a smaller proportion of the gas than that represented by 12 
.parts of carbon plus 32 of oxygen. A few illustrations are appended of the formation of 
car^nic oxide and carbonic anhydride, from the decomposition by heat of three mono- 
basic acids, namely, the formic, ^etic, and benzoic ; of two dibasic acids, namely, the 
oxalic and tartaric ; and of one tribasic acid, namdy, the aconitic, the decomposition 
of which last has L^n before referred to. 


Formic acid 
Acetic add 
Oxalic add 
Benzoic acid 

THittic add 
Abonitic acid 


C**‘**H®0*»‘* - C****^** + H*0 

» C*a**0»*» + C*»*»H* 

* C****0'“' + C**“ 0*** + 

G4kish«0®x« - C*««0* + CJSMWHW*** + HH)* 

(16 X K « ^ EH)*"*. 


vnth teg/Lvd to nit rove. n, all chemists are agreed that 14 parts of that dement, 
or the enumtity thc^f which combines with 3 parts of nitrogen to form amiDonia, is 
the smallest pmp^tion of nitrogen that can exist in a combinatioiL We find that the 
quantity of nitrogsie contained in the gmt majority of nihrogenoim compounds^ bo* 
m nd i n g all salts m ammonia and of organic alkaloids, must neosssarily be represented 


S 4«i 

■ 14 Amonjg miioeUaiiMiu bodlM wtt 

dace ^ABQflliiV of which oontains li parts of nitro^n ; 

HISS, aspangm, si&d^H^HPlilpicid, each of which oontaiiifi twice 14 parts of mtro* 
^n; creatine and each which contains three times 14 parts of, 

nitrogen ; iirht scid«HnMpi^^ of which contains four times 14 parts of nitrogen^ 
&c. £c. From the aircunutwee that all nitrogenous compounds must be represented 
with 14 parts of nitrogen, it foUows that whenev^er nitrogen is liberated by a chemical 
reaction, and wheneT^ nitrogen plus some other element is introduced into a chemical 
compound, the quanti^ of nitrogen concemcid must be represented by 14 parts or some 
multiple of 14 parts. Thus by the action of nitric acid upon the hydrocarbons, and 
upon a great variety of other compounds, we can introduce into the compounds 14 parts, 
or twice 14 parts, or three times 14 parts, &c. dec. of nitrogen, whereas we cannot 
introduce any intermediate proportion. Again, when sal-ammoniac is decomposed 
by chlorine, for every molecule of tiie salt decomposed, 14 parts of nitrogen are 
liberated ; and when nitrate of ammonia is deconqxwed by metallic zinc, for evoiy 
molecule of the salt decomposed twice 14 }>art8 of nitrogen are liberated; 
and so on. There are a few bodies formed on tlie tyj^ of one or more atoms of am- 
monia, in which the ratios of the constituent elements might be satisfactorily expressed 
by formulae in which the quantity of nitrogen represented was not a multiple of 14, 
Thus trim ercu ram in e might be represented by the formula N*x^''Hg, and tri- 
e thy la mine, by the formula Similarly, all derivatives of ammonia in 

which the whole of the hydrogen is displaced by one and the same metal, hydrocarbon, 
or halogen, might be represented by formulie in which N ■■ 4*7 ; which formula) 
moreover, would be more simple than those in which N 14. But the same class of 
reasons which induces us to represent the molecule of ammonia with 3 atoms of 
hydrogen, induces us to represent the molecules of these bodies with 3 atoms of 
metal, radicle, or halogen. Thus triethylamine is the third of a series of compounds, 
namely, N‘ N» »* and N» “ obtained successively 

a continuance of the same reaction. Moreover, a quantity of triethylamine containing 
less than 14 parts of nitrogen, is not sufficient to efiPeet any decomposition, or to 
combine with the molecule of any acid or salt. It is obseio'able that thb entire series 
of communds is represented most simply by formulie, in which N » 14, although one 
partiemar member of the series may be represented most simply by a formula in whidi 
N « 4-7. 


Let us now direct our attention to oxygen. We wish to show that 10 parts 
of that element, or the quantity thereof which unites with 2 atoms of hydrogen to 
form water, is the smallest proportion of oxygen that can enter into a combination. 
AVe find in the first place that the quantity of oxygen contained in the great minority 
of definite oxidised compounds, must necessarily be represented 10 or some mnl- 
tiplo of 16 parts. Thus tbe molecules of all hydrates, double oxides, acids» 
oxisalts, aldehydes, ketones, alcohols, oxacid-ethers, and a great number 
and variety of other compounds, doubtless forming together 99 per cent, of all known 
compounds of oxygen, cannot be represented save with 16 ports, or some multiple of 
16 parts of oxygen. For example, the molecules of hydrate of potassiumf benzoic 
eddehyde, acetone, chloTol, hypochlorite of sodium, &c. &c. each contain 16 parts of 
oxj'gen. The molecules of apinelle, brown^hizmatite, camphor, benzile, acetate of sodium, 
benzoic acid, &c. &c. each contain twice 16 parts of oxygen. The molcculea of nitric 
acid, glycerin, chlorate of potassium, salicylic acid, augiin, &c. &c. each contain throe 
times 16 parts of oxygen. The molecules of phonyhate of sodium, perchloric cth-r^ 
garnet, olivine, sulphooinic acid, &c. &c. each contain four times 16 parts of oxygen. 
The molecules of starch, acid malate of had, nitrosalicylic acid, &c. &c. each contoin 
five times 16 parts of oxygen. The molecules of mannite, cream of tartar, See, 0tc. each 
contain six times 16 parts of oj^gen, while the molecules of citric acid, pyrophosphei * 
of copper and sodiutn, &c. &c. contain each seven times 16 parts of oxyge^ and so on. 
From the circumstance that nearly all oxidised compounds must necessarily be repre- 
with 16 or some multiple of sixteen parts of oxygen, it follows that when two 
bodies dififer fh>m one another in composition by the di^erent proportions of oxygen 
which they respectively contain, that difTerence amounts to 16 parts or some multiple 
of 16 parts of oxygen, as is well seen in the two following series of bodies, 

KOI Chloride of potassium Ethylene 

KdO^**'® Hypochlorite of potassium C*H*0'*‘'* Aldebyd 

KC10*«'" Chlorite of potassium Acetic add 

KdO**” Chlorate of potassium CWC**** O^oolleacid 

KdO*“*® Perchlorate of potassium Giyoxylic add. 


It follows also that Gie quantity of ox y ge n which can be liberated by any reaction, mad 
which, either alone or together with some other element, can be added to^ aubtriicted 
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fronif or difiploced in a compound, must he 16 or tome mtdtiple of 16 parte. Kow 
why this should be unless the 16 pajrts constitute an indirisible proportion <» chemied 
atom, is quite inconceivable. We may adduce the following illustrations. Each 
mole^e of nitrate of sodium decomposed by heat into oxygen and nitrite of sodinm, 
yields 16 parts of oxygen. Bach molecule of permanganate of potassium, decomposed 
W Bulphuric acid into oxygen and manganese-alum, yields twice 16 parts of oxygen. 
!]^h molecule of chlorate of potassium decomposed by heat into oxygen and chfonds 
of potassium, yields three times 16 parts of oxygen. Bach molecule of pentachloride 
of phosphorus, converted by treatment with water into phosphoric chloraldehyde and 
hy^chloric acid, acquires 16 parts of oxygen in exchange for an equivalent quantity 
of chlorine. Each atom of alcohol converted into aldehyde by oxidaUon, reacts with 
16 parts of oxygen, and each atom of alcohol converted into acetic acid by oxidation, 
reacts with twice 16 parts of oxygen. Each molecule of bromacetic acid, converted by 
the action of water into glycolic acid, acquires 16 parts of oxygen and 1 part of hydro- 
gen, in exchange for one atom of bromine. Each atom of benzene, converted by treat- 
ment with nitric acid into nitrobenzene, acquires twice 16 parts of oxygen, and 14 parts 
- of nitrogen, in exchange for one atom of hydrogen, and so on. But precisely as there 
are some nitrogenised bodies which with the atomic weight of nitrogen » 4*7, may ^ 
divided into thirds, and can thus receive simpler formula than with the atomic weight 
of nitrogen ** 14; so are there some comparatively few oxidised bodies which, with 
the atomic weight of oxygen * 8, may be divided into halves, and can thus receive 
simpler formulm than with the atomic weight of oxygen *=16. We have seen, how- 
ever, that if the comparable molecules of nitrogenised bodies were correctly formulated 
they would all be represented more simply by formula} in which N = 14, than by 
formulas in which N =* 4*7 ; so it will appear that if the comparable molecules of 
oxidised bodies were correctly formulated, they would all be represented more simply 
by formulae in which 0 = 16, than by formulae in which 0 = 8. Those oxidised 
bodies in which the ratio of the oxygen to the other constituents can be satisfactorily 
expressed by assigning to the oxygen a number which is not 16 or a multiple of 16, 
but only 8 or a multiple of 8, comprise most compounds in which the oxygen is united 
with one kind of matter only, including all the simple metallic oxides. Thus in water 
and lim^ the ratio of the constituent oxygen to the hydrogen and calcium respectively, 
is ns satisfactflply expressed by the formal® O' »* *11, and 0* ’‘■Ca, as by the formal® 
O' * and 0* * '®Ca*. The only question is, which of these pairs of formul® represents 
the molecules of the two bodies. Now it is no more necessary to argue the point whether 
O' “ *Ca, is the correct expression for the metallic oxide, lime, than it was to argue the 
point whether N' “ ^■’’Hg, was the correct expression for the metallic nitride, mercur- 
amine. The accordance of a trihydric formula to ammonia, necessitates the accordance 
of a trimetallic formula to mercuramine, and in a precisely similar manner, the accord- 
ance of a dihydric formula to water necessitates the accordance of a dimetallic formula 
to lime. It may bo observed, moreover, that many strictly comparable reactions can be 
effected by means of water, hydrate of calcium, and lime respectively, and that in these 
cases the quantities of the reagents can only be expressed by the formul® O' * '‘HIl, 
O' * '"HCa, and O' * '•CaCa, Again, in bodies andogous to ordinary ether and the 
homogeneous anhydrides, the ratio of the oxygen to the other constituents may be 
sat isfactorily represented by foimul® in which the proportion of oxygen is expressed by 
8 parts only. Thus ether may be represented by the formula 0’ *"Et, and b enzoic 
a nhy d ri de by the formula O' *Bz ; hut all arguments founded on mode of formation, 
on reactions, on vapour-densities, on seriated position iind properties, &c. tend to show 
that the above foi*mul® are not correct expressions of the molecules of the bodies 
represented, which, like that of water, contain 16 parts of oxygen. Thus, ether is one 
of the following series of bodies : O' * '*HEt, ethylate of hydrogen, or alcohol; O' * '•MeEt, 
ethylate of methyl; 0'»*'®EtE^ ethylate of ethyl or ether; ethylate of 

propyl; and benzoic anhydride is one of the following series . O' “'•HBz, benzoate of 
nydro^n, or benzoic acid; 0'»‘'*BzBz, benzoate of benzoyl, or benzoic anhydride; 
O' ** '*AcBz, benzoate of acetyl, or aceto-benzoic anhydride ; &c. &c. Lastly, in certain 
dibasic adds and their salts of one metal, the ratio of the oxygen to the other con- 
stituents may be satisfactorily expressed by monobasic formul®, m which the oxygen is 
Expressed not as a multiple of 16, but as a multiple- of 8. Thus sulphurone aetd and 

eolphite of sodium may be formulated aa follows: and NaS^O*** •, respe(^ 

tively. But as we have before observed, the distinctions between monobasic and di- 
basic adds and thdr salts are very decid^ ; and inasmuch as these adds and salts are 
indisputably dibade teee Acms), their molecules cannot be correctly represented Isr 
monobasic formul®. The simplest dib^c formul® for carbonates, smphites, and siu- 
phates respectivdy, are the following, in whidi the proportion of oxygen is necemidfy 
’ expressed os a miUtiple of 16 parts : 
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IPCO***« - 

CqHCO*’*** NaHS»0**‘« KHS*0«*“ 

Ca*CO**** Na^*0**>* K*S»0***« 

MgCaCO«**>« NH^NaS'O***** NiKS*0*«»« 

Many chemists, who acknowledge that the molecule of water consists of 2 parts of 
hydrogen united with 16 pts. of oxygen, and that, in ninety-nine cases cut of a 
hundred the smallest quantity of oxygen that can enter into the composition of a well- 
defined molecule must be represented by 16 parts, pefer, from old association, to 
flccord to oxygen the atomic weight 8, and to admit that all oxygenated molecides 
contain two inseparably associated atoms of oxygen, or some multiple of two inseparably 
Bssociated atoms. Thus, they represent water by the formula instead of H*0, 

and nitric acid by HNO**** instead of HNO*, &c. This practice is evidently most 
inconsequent: for the conception of two inseparable proportions of 8 each, amounts 
after all to that of one indivisible proportion of 16, that is to an atomic proportion of 
16. To be consistent, we must represent the molecules of hydrochloric aci^ wat^, 
animonia, and marsh-gas either by Oerhardt's atomic^ or by Dalton*s equivaleut 
formuhe, thus : 

B[C1 ikii-» Hydrochloric acid HOT **•»■* 

Water HO‘«» 

H^N'***" Ammonia HN****» 

H^C* *» Marsh-gas HC « » 

except that Dalton took, not marsh-gas, but olefiant-gas, for his standard hydroearbODr 
and accorded to it the formula HC* ^ whereby marsh-gas became H*C* * *. Kow-a* , 
days we know that the molecules of marsh-gas and olefiant-gas^ both contain the same 
number of hydrogen-atoms, and that their formulae are C* “ and C3* * respec- 
tively. 

With r^ard to chlor in o, all chemists are agreed that S5’6 parts of that element, or 
the quantity thereof which unites with 1 part of hydrogen to form hydrochloric acid, is 
the smallest quantity of chlorine that can enter into a combination. We find tbit 
36*5 parts of chlorine are capable of directly displacing 1 part of hydrogen in a great 
variety of com^undc ; that in all well defined molecules, the quantity of constituetit 
chlorine must be represented by 35*5, or some multiple of 35*5 part||^^that whenever 
two bodies differ from one another in composition by the quantity of ^chlorine ^ey 
respectively contain, the difference amounts to 35*5, or some multiple of 35*5 parts ; 
and that it is impossible to a<kl to, subtract :b^m, or displace in any compound a pro* 
(portion of chlorine which is not represented by 35*5, or some multiple of 35*5 parts. 

In the course of the preceding observations, reference has occasionally been made to 
the principle of analogy as a guide in determining the molecule of a compoimd body, 
and the atomic weiglits of its constituent elements. Thus we have referred *to the 
analogy of tri ethyl amine with ammonia, and to that of lime or oxide of calcium with 
water or oxide of hydrogen. But, in addition to the arguments already used, wo 
may show more especially that the principle of analogy is in favour of the atomic 
weights and molecules wli\ch we have adopted. Thus the indisputable analogteo of 
nitrous acid, nitric acid, and peroxide of nitrogen, with chlorous acid, chloric acid, 
and i>eroxide of chlorine respectively, are shown very clearly by formuhe in which 
N ss 14, whereas they would be concealed by fimnulm in which K 4*7, as seen 
below : 

Chlorous acid, HCIO* HNO* Nitrous acid HN*0* 

Chloric acid,. HCIO* IINO» Nitric acid HN*0» 

Perchloric oxide, C1*0* N*0* Pemitrie oxide N*0^ 

Again, with the molecule of water « 9, the relation of water to the alcohols as the 
undoubted vanishing term of the series, would not be manifested as it is with the 
molecule *» 18. Thus, if we write alcohol C-II'O’* * •, wood-spirit CH*0* “ •, and water 
the relation of water to the alcohols does not appear, but in the following 
series of formulas with O -■ 16, it is perfectly apparent : 

C*H**0, Amylie alcohol C*H*0, Ethylic alcohol 

C«H»0, Butylic „ CH^O, MethyHc 

C*H* O, Propylic „ H*0, Hydric „ ' 

The relation of water to the alcohols, as shown in the above fommlfls,* is not h mevu 
paper relation, but has its foundation in experiment. When water and aloohol te*_, 
«]psctivclj sjie acted upon hy potassram, by chloride of bensoyl, by psotachloii^ of 
posphonia,' and by a host of other reagent^ the reactions are a^n^ledged hy an to 
«« precisely siimlar. All cbeimists, no matter what the forrouUe they employ, veeognise 
the foct that the quantity of water wfaidk in a reaction corresponds to one pnipomon 
of alcohol, ntnsl eontain two unitt of hydrogen. Siaillarly, with regard te l^drated 
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bases and acids. The reactions of the bodies clearly show that the quantity of water 
which oorresponds to one proportion of l^drate of potassium, or of hypo^mons add, 
for instance, must contain two units of nydrogen. If we write hydnite of potassium 
KHO* * ■, hyrochlorous acid HCIO* ** •, and water HO* ** •, the formula do not repre- 
sent comparable quantities. But, in the following series of formulse with O ■■ 16, the 
relations of the bodies are render^ perfectly evident : ■ i* 

KKO, Oxide of potassium . HCIO, Hypochlorous acid 
KHO, Hydrate of potassium CICIO, Hypochlorous anhydride 

HHO, Water KCIO, Hypochlorite of potassium 

^ Moreover the principle of analogy is frequently allowed to overrule all other cour 
siderationa. Thus the smallest quantity of aluminium that can enter into a combi- 
nation is 27'5. ymes as great^ as the smallest quantity of hydrogen, This quantity of 
alumiqium, parts nitrogen, is capable of uniting with 3 atoms of chlorine, and 

of ite repreifeiitatlves. But^ i^m the strong analogy existing between aluminic and 
ferric compeittj jg, thst atomip weight of aluminium is fixed at 13*76, in order that it? 
compounds l^p|psen£ed by formulse which, though more complex than those 

A1 accordance with the formulse of corresponding ferric compounds, 

= Fe*Cl*, Sesquichloride of iron 

KFe*(SO*)* . 12H*0, Iron alum 

HFe*0®, Brown hsematite 


A1*C1*, Sesquichloride of alumioittm 

12H*0,, Common alum 

JBaspore 

.. The principlA of palopy frequently enables us to determine satisfactorily the 
molecules ana >atOTnic weights of bodies with which we are comparatively but little 
ac^ua^pted. ^us the analogy of selenium and tellurium compounds, in so far as they 
are famwn, to the well-known compounds of sulphur, requires us to give similar 
formulas to the similar compounds of all three elements. With regard to sulphur 
itself, precisely the same reasons that induce us to represent water by the formula 
H*0, and to accord to oxygen the atomic weight 16, must induce us to represent sul- 
phydric acid by the formula H*S, and to accord to sulphur the atomic weight 32. But 
even if our^ acquaintance with sulphur were much less intimate than it is, still the 
anidogy of its best known compounds with those of oxygen would suffice to allow of a 
satisfactozy determination of its atomic weight. The principle of analogy induces us 
to accord to the primary hydrides and chlorides of the more or less electronegative 
^meptfi tbo following formulse, and to classify them in four principal groups, thus: 


Monatomic, 

Diatomic, 

Triatoinic, 

Tetratomic. 

HJ?" 

H»0 

H>N 

Cl’N 

H«C 

HCI 

H*S 

H’P 

C1»P 

H^Si 

HBr 

H^Se 

H»As 

CPAs 

CPC 

HI 

H^Te 

H»Sb 

CPSb 

CPSi 

CU 

ci*o 


' CPBi 

CPSn 


C1»S 





The following table represents the atomic weights of the elementary bodies on the 
hydrogen scale (H = 1) as determined by the preceding considerations. Those on the 
oxygen-scale (O 100), which are now but little used, may be found by multiplying the 

hydrogen-numbers by or 6*25. The actual determinations of the atomic weights 
are given, with the methods of quantitative estimation, under each elements 


Tablb of Atomic WaioHrs.* 



Sym- 

Atomic 

Formula of Compound 

According to Bxperl- 


b<)l. 

Weight. 

analysed. 

menis bj 






A1 


Chloride of aluminium. A1*C1> 

Dumas. 


Sb 

1203 

Trisolpbide, SbsS^ 

Schneider* 

■* , * 

1*22 

Trichloride, SbCI> 

Dumas. 

Aiihnie ' • 

sassr : i 1: : 

At 

75 

„ AsCP 

Pelouse, BeraeliOiL 

Ba 

B1 

6S*6 

210 

Chloride, BaCI 
„ BICP 

Marignae, PateoWb 

VCNTOM • • 

B 

11 

r Boric mhydride, B*0* 

\ chloride, BCP 

Beraeiiua* 

JDumaa. 


a The natal! naiMIliflM 
this table ; r. AlilHlki 
i>6aaiul96M^75t ■ gMP 


I MOW rmrdMl as haviafc atomic weight* double of those asaianed totham la 
^ M m*:» ; Pt s Ids ac. See pp. 470, iUQS of thto voliMie I aboUI. 

Mm * ATOtiiciTii* in the Sum.BiiBiiT. 
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T^But eontjfiMif. 


m 


Name. 

Sym 

Atomic 

bol. 

Weight. 

Bromine . 
Cadmiumt * 

; 


Br 

Cd 


Calcium . 



Cu 

XU 

Carbon . 

• 


C 

13 

Ccriumt • 

• 


Ce 

46 

Chlorine . • 



Cl 

3.Vfi 

Chromiumt • 

, 


Cr 

2fi*2 


• 


Co 

21)6 

Niobium or Columbiiiin 


94 

Conpert . 



t n 

3P7 

Didmlumf . 
Urbiuin . 



Di 

4H 



Eb 

113 6 

Fluorine . • 


• 

F 

19 

Cliicinumt * 


. 

G1 

( 47 

1 7*0 

(loUl . 



An 

' 196 

Hydrogen 


• 

II 

1 

Intllitm • . 


• 

In 

f 7.5"6 

1 113*4 

loiline 


. 

1 

137 

Irldiumt . 


• 

Ir 

98-6 

Ironf . • 


. 

Fe 

28 

I^thanumt . 



l.a 

46 

Le.ult . 


« 

Pb 

103 6 





6*0 

Lithium . . 


• 

Li 

{ r-o 

Maguesiumf • 



Mg 

13 

Manganesi't • 



Mn 

27-6 

M»'icnryt . 


. 

llg 

too 

Molybticnumt 



Mo 

c.« 





1 48 

Nickelf , 


. 

Ni 

( 39 

Mirngpn , 



N 

14 

Osiiiiinnt . . 


. 

Os 

ino 

Daygen . 



O 

16 

Pali.idiiimt . 


. 

ru 

f).*] 

riiosjjhorus . 


• 

p 

31 

riatinumt 

PotiiEsinm 



Ft 

9:i 
( 39 


• 

1 

) 39 3 


lliiocliumt 


,, 

Ith i 

.13 

Kutluiilnmt . 


. 

Ku 

63 

SeUniImn . , 


. 

So 

79 

Silicon , 



Si 

28 

Silver , 


! 

Ag 

108 

Sodium 



Na 

33 

Strontiumt . 


i 

Sr 

438 

Sulphur . , 

• 

. 

S 

32 < 

Tantalum , 

• 


Ta 

f 137-6 
{ 182 

128 

Tellurium , 


. 

Te 

Thorinumf . 

• 


Th 

li9'5 

TJo . . . 
Titaninni , 


■ 

Sn 

Tl 

(116 
f 111 

60 

fnngMent . 
Lranimnf , 

e 


W 

u 

93 

GO 

Vanadium . 


, 


r GH6 

F 61*2 

V'trfum . 



Y ^ 

61*7 

/inct 



Zn 

32 8 1 

Zirconium • 


• 

Zrh 

r m i 

89*8 


Formula of Compound 
«nfU3'ied. 


Bromido of pousslum. KBr 
Oxide, Cd5*0 
Lime, Ca«0 

Carbonic anhydride, CO* 

Cprom oxide, Ce*0 

{ Chloride of potassium 

„ „ silver 

Chromic anhydride, Cr*OS 
<'hlo>-ide, CoCl 
Pentacliluride, KhCP 
Cupric oxide, Cii'*0 
Oxide, Di-O 
KbO 

f Fluoride of cak'iuni, CaF 
f „ sodium, NaF 
GluHiia, 01*0 > 

AuHc chloride, AuCl* 
Water, 11*0 
Indie oxide, InO ) 

Iii“0* j 

{ Iodide of potassium, KI 
,, ., silrer. Agl 

Dickiloridc, IrCl* 

f Ferric oxide. 

Ferric chloride, re*Cl* 
Oxide, 

„ l*b*0 

r M Li*0 
} Carbonate, Li- CO* 
Sulphate Li*SO* 
r Magnesia, 

[ Chtorido. MgCl 
„ Mu ('I 
Mercuric oxide, Hg*0 
Molybdic anhydride, Mo*0* 


Oxide, Ni*0 
ChlorUle, NiCl 
S.tl-ainmoidac, NH<Cl 
Dlchlorida. OsCi* 

Chloride, Pd Cl 
[ Phosphoric nnhydrifle, P*0* 
f Penlachloride, PCI* 
Dichloride. It Cl* 

Chloride, KCI 


Scsquichloride, Rh*(;i* 

„ „ KuaCl* 

Selunide oi mercury, Hg*Se 

Chloride, SICP 
I, AgCl 

„ NaCI 

RrCI 


Pentachtorlda, TaCl* 

Bromide of potassium and teU 
lurium, K*TcBr* 


chloride. Slid* 
Tetrachloride, TICI* 
TungsUc anbrdrld«% W*0* 
Urank; oxide. U-^O* 
Vanadlc anbydrido, VSQ* 

^ w v*o* 

Yttrla, YO 


According to Experi- 
meiils by t 


Harlgnac. 

Von Hauer. 

EjMraaun and Marchand. 
C Dumas and Staa. , 

I Erdmann and Marchand. 
Marignac, Hermann. 
Marigiiac, Penny ( Mail* 
men6, Berielius, 
Dumas. 

P^iigoc, Berlin. 

•Dumas, 

^hr arid Biinien. 

Lei^f, Beraalll^ ■ 

Dumas; 

Winkler. 








■V 


ZfOft 


Troost^ 

Mallet.'* 

Berselftis. , 

Dumai. 

Berseilus. 

Erdmann and Marchand 
Svanberg and Struve t 
Berlin. . 

Dumas. 

Schneider. 

Dumas. 

PolouBe.Marlanao, Penny. 
Herselius, FrCmy. 

BerKclIiis. 

.SrhioUtT. '*'■ 

Dumas. 

nerselliis, Andrew. 
Marignac, Ftciny, Mau. 

mi'oc. 

Stas. 

Birzeiiiis. 

riaus. 

llerzelliis.Sncc, Erdmann 
and Marchand. 

Dumas. 

Marignac, Maiirnend, 
Penn!% Borxelius. 
Penny, Peluusr, Duinat. 
Dniias. 

Erdmann and Matehand, 
Struve. 

Ouinas. 

II. Hose. 

M arigiiac. 

V. Hauer. 

Berzetlux 

Mulder, Vlaanderen. 
Dumas. 

Pi i re. ^ 

Sehneilder.B 
PdUfoi. 

BareelMik. 

Roscoe. ' 

Bahf and j 

A. isn 



We will HOST tarn <mr attention to thd ddUpnimation of aio«i|i^.li<9{glito 
Pnyaieal coneiderationa, and obsexYe hov fiur the Weight# dedneed phjwic^ a^ 
h( mical considorationa eoindde frith one another. In the first iMiyiiisWd wUi die* 
I. HH , 
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CUB0 the combiaing volumes of gASOJ And VAponrs; ftpattha obeer v^*^ 
which we derive the most important of all means for controlling our oonclusiouni # 
the atomic weights of volatile bodies. If we take the BpeciGo gravity of hydrogen 
unitj, we And experimentally that the specific gravities of most other eleinenhuTmwS 
and vapours are represented by the numbers we have selected to express their 
weights, fi'ence^ these atomic numbers represent the weights of equal Toluniiv of 
the respective gases and vapours ; and the formula of a compound body shows the 
number of elementary volumes of which it is composed. Thus while the formula for 
nitrie acid HNO’ represents a compound of one part of hydrogen, fourteen parts of 
nitrogen, and three times sixteen parts of oxygen, it also represents a compound of one 
volume of hydrogen, one of nitrogen, and three of oxygen. The relative specific 
gravities of the following elements, when in the gaseous state, and exposed to the 
same pressure and temperature, have been ascertained to be respectively : 




1 

100 

66 


Cl * 35-5 0 - 16 N - 14 

Br « 80 S 32 P « aj 

I « 127 Sc- 79-5 As - Y 


Hydrochloric acid gas is composed of one volume of hydrogen, and one volume of 
eUorine united without any condensation. Consequently the molecule of hydrochloric 
add is represented by two volumes of gas m , whilst the atoms of hydrogen and 
chlorine respectively are represented by one volume only □. Hence while the 
apwifle gravity, or weight of a unit of volume of chlorine coincides with its atomic 
weighty the specific gravity or weight of a unit of volume of hydrochloric acid coin- 
cides with the half of its atomic weight, ^ ^ 18*25. Now ninety-nine percent. 

of all known volatile compounds agree with hydrochloric acid in this particular, 
namely, that their specific gravities in the gaseous state arc the halves of their atomic 
weights. Thus tho atomic weight of water H®0‘ ** being 18, one volume of steam 
is found to be 9 times as heavy as one volume of hydrogen. The atomic weight of 
ammonia, ** being 17, one volume of ammoniacal gas is found to be 8*5 times 
as heavy as one volume of hydrogen. The atomic weight of marsh-gas, 
being 16, one volume of the gas is found to be 8 times as heavy as one volume of 
hydrogen, and so forth. Inasmuch, therefore, as half the atomic weight coincides 
with the specific gravity, or weiglit of one unit of volume, tho entire atomic weight 
must represent twice tho specific gravity, or the weight of two units of volume ; a con- 
clusion wliich may be confirmed by actual experiment. Thus one volume of oxygen, 
and two volumes of hydrogen at tho temperature 100° C. can be converted into two 
volumes of steam at the temperature 100°. Again two volumes of ammonia, when 
decomposed by the transmission of a series of electric sparks, yield one volume of 
nitrogen, and three volumes of hydrogen. No matter what the number of atoms or 
volumes which enter into the constitution of any volatile compound, they all become 
condensed into two volumes, ns shown by the fact that the sxiecific gravity or vapour- 
density of tho compound is the half of its atomic weight. 

Seeing that the molecule of a compound hotly corresponds with two volumes of gns 
or vapour, and the atom of an element with but one volume, it is evident that tlie 
quantity of an element which is strictly^comparable to the molecule of a compound body 
must be represented by two atoms. Hence the symbols iHTiiT , [hTcij. and jT:rij:i:, 
represent comparable quantities of the tlireo bodies, hydrogen, hydrochloric acid, 
and chlorine respectively which, thus formulated, xiresent an obvious relation of 
sequence to one another. By the molecule of an element, therefore, we invariably 
understand two atoms or two volumes ; and there is great reason to believe that our 
ficquaintnnce with the uncombined elements pertains exclusively to their molecules. 

that while Cl, for instance, represents the atom, or smallest proportion of chlorine 
thst can enter into a combination, Cl* represents the molecule or smallest proportion 
of free chlorine that can result from or effect a reaction. There are certain com- 
pound molecule groupings also, which like the element^ molecules, occupy two 
volumes when in the free htate, and become halved in combination. Thus ethyl in the 
free st^ is represented by G'H‘® — pr, in the combined state by C* H* » D, and 
•6 in oChc^ instances. 

It is evident from the preceding observations that, in the great majority of instances, 
the unlooiiles we have deduced from chemical considerations, are identical with the 
.moteettles deduced from the physical law of gaseous volumes enunciated by Amp4re^ 
nam^dy, that all gases contain toe same number of molecules within the same volume. 
But if we had represented water by the formula HO* * *, sulphydric iLcid by the 
formula HS* ^ and carbonic ^xide hy the formula we riioald have 

renie^ted their mdeenles as having only half the volume of the molecule of hydros 
chloric aridf and ahould conae^ucntly have violated Ampere's physical law/ The 



lenil condufioiis «l wlikibi hate arrived, however, namriv that the ohesuoal atcMha 


of elementary bodies 
of simple or ^mponnd 


L with one gaseons volume, and the chemical molecolei 

^ lies, with two gaseons volumes, is quite in accordance with 

Nevertheless there are some exceptions, real or apparent) to 
wmch we must now direct our attention. We may premise by saying that some 
chemists attach so great an importance to the law of volumes, that they would be 
miided exclusively by it, and would accord to all bodies whatsoever, such atomic 
weififhts as would be in accordance with it In the present state of knowledge, however, 
it s^nis to us preferable to deduce the chemical atom or molecule of a body chiefly 
from chemical considerations, and to wait for further investigation to clear up the few 
anomalies which at present exist between the results of chemical and physical inquiiy. 

Certain apparent exceptions to the law of volumes hare of late ye^ been satis- 
factorUy explained away, by having regard to the following habitudes of volatile 
bodies In the first place, some vapours, at temperatures but little raised above their 
condensing points, have anomalous densities which are much too high, M, in other 
words the volumes of their atomic proportions are much too small; whereas at higher 
temperatures their densities and volumes are perfectly normal. Thus at a temperature 
n little above its condensing point, an atomic proportion of sulphur vapour oooupies 
only % the bulk of an atomic proportion of hydrogen gas at the same temperature; but 
at the temperature 1000° C. the two atomic proportions occupy the same volume. 
Again the molecule of acetic acid vapour at the temperature 230° C. has the same 
volume as the molecule of hydrochloric acid gas at that temperature ; but at lower 
tomt^eratures, its volume decreases almost to one-balf that of hydrochloric acid ^s at 
the same temperatures. In reference to this property it must be borne in mind that 
vapours near their condensing points manifest variations from several of tlie physical 
laws affecting gases. It would seem, indeed, that n vapour must be heated to a tem- 
perature considerably above its condensing point before it acquires the properties of a 
perfect gas. The recognition of this circumstance enables us to ac<Munt m severri 
instances for those departures from Ampere’s law, in which the density of the gas is 
too high. In the second place, several compounds at the high temperatures required 
to bring them into a perfectly elastic shite, seem to undergo a change, which has been 
investigated by ICopp, Marignac, Deville, Hofmann, KdkulA and others, and has been 
termed dieassociation* According to these investigators, the molecule of a volatile 
compound, when strongly heated, sometimes breaks up into two simpler moleculhs 
which, on a reduction of temperature, reunite to form the original^ body, so that at 
the temperature at which the density is taken, we are really oijorating, not upon one 
more complex, but upon two less complex molecules ; whence the densities are found to 
correspond with four volumes of vapour instead of with only two. ^ The anomalous 
volumes or densities of the following compounds have been explained in this way. 

4 Voli 9 Volf. 9 Vol*. 

Sal-ammoniac ^ 

Sulphuric acid . . . • • ** Sa 

Pentachloride of phosphorus . . "* 

Hydrate of ethylendiamiuo . . . C’li •N’O -* C H N -f H 0. 

The phenomenon of disassociation then frequently enables us to explain various 
departures from Ampere’s law, in which the densities^ are too low; or in wnicb, in 
otticr words, the volumes are too great. But there still remain certem eiweptions, 
which, in the present state of knowledge, cannot be satisfactorily explained by either 
of the above described considerations. Thus the atomic volumes of the vap<^ of 
phosphorus and arsenic respectively, ore only one-half that of hydrogen. In order 
make their atomic weights correspond with their atomic volumes, the ordinanly r^ 
eeived atomic weights would have to be doubled, whereby they would become 62 and 
1 50 respectively. But this doubling of the atomic weights of phosphorus and arsfiul?. 
would be in violation of all chemiciJ considerations, and likewise of oil pb vsical 
derations except that relating to the atomic volumes of the elements themselves. Thus 
the formula for phosphamme would become and tliat for orsetiamiM 

despite the analogy of the two compounds to ammonia and despite 
the fact that the hydrogen of the two compounds is divisible 
not into sixths. Moreover the vapour-densities of the compo^ds P* and 
As'*'»«H* would correspond to 4 volumes instead of 2, and would conseqMntiy be 
in opposition to Ampere's law. Again, the atomic heats of phosphorus and srpiic 
c-orresponding to the atomic weighto 62 and 160 respectively, wmildjw tw^ u high 
HB the highest atomic heat of any other element. Lastly, by doabU^ roe atomic 
weightsOT arsenic and phosphorus, the isomorphism of certain oom{>ounds of ammomn 
vith ^e corresponding compounds of phoephamine a^ arsenaiiiine 
unintelligible. At present then we are forcea to admit that the vapou^aensitjCaw the. 
elements, phosphorus and arsenic, are anomalou*^ and that we are incj^paoia oi ex- 
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plaining the cause of the anomaly.. It may he that the rapours of these elemait^ 
like that of sulphur, though anomalous at one temperature, bectme normal at a 
higher temperature, though it must be admitted that the recent experiments of Derillo 
do not countenance such an expectation. Or it may he that the anomalies depend 
upon allotropy. Phosphorus and arsenic are known to exist in different allotropie 
conditions, and it is not improbable that each allotropie form may have a different 
atomic weight. Hence the anomaly might be explained by supposing that phospha- 
miue, fbr instance, contains the element phosphorosum, haring the atomic weight 31 ; 

, whilst phosphorus- v^our is composed of the element phosphoricum, having the* 
atomic weight 62. This supposition of vapour-allotropy might also serve to explain 
the anomolous vapour-density of acetic acid at a low temperature. Normal acetate of 
potassium has the formula C^IPKO* but there is also an acid-acetato having the 
formidb C^H’KO*. The small vapour-density might possibly represent an acetic 
coires^nding to the former salt, and the high vapour-density an acetic acid ^ 
spending to the latter. 

Certain other real or apparent exceptions to the law of volumes, are afforded by tiie 
chlorides and ethylides of zinc, mercury, and some other metals, as indicated below : 


Hydrochloric acid 
Hydride of ethyl 
Chloride of ethyl 
Chloride of mercuiy 
Ethylide of mercury 
Ethylide of zinc . 
Methylide of zinc 


HCl = 2 vols. 

HEt ,, ,, 

ClEt „ „ 

IlgOl » 1 vol. or ITg'Cl* = 2 vols. 

HgEt „ „ „ Hg‘-Et- „ 

ZnEt „ „ „ ZirEt^ „ „ 

ZnMe„ „ Zn*Me“ „ „ 

In consequence of the anomalous vapour-densities of the molecules of these com- 
pounds, as above expressed, some chemists have proposed to double tho ordinarily 
received atomic weight of the metals mercury and zinc, so as to represent the molecules 
of the above volatile compounds by the following 2-voliiTn(‘ foriniihe ; and it rmiKt be 
acknowledged that very strong reasons may be urged in favour of tho duplication : 
Chloride of mercury .... Cl*IIg’ 

Ethylide of mercury .... Et'-^Ilg-’* 

Ethylide of zinc* .... Et'-Zii* * 

Methylide of zinc .... Me’Za' * 

.q- .^<Hypochlorous oxide. . . . 

corresponding to | 

It is admitted both by those who advocate and those who deprecate the proposal, that 
the duplication of the atomic weights of tho metals mercury and zinc, would necessi- 
tate tho duplication of the atomic weights of several other metals, including miignesium, 
cadmium, lead, copper, iron, chromium, and aluniiniuni. Now the principal objections 
to tho adoption of this proposal are the following. Firstly, because, although the 
duplication of tho atomic weights of the metals would bring tlie volumes of their 
chloride-i and ethylides into accordance with Ampere’s law, it would bring tho volumes 
of tho elements theinsolves into discordance therewith. Thus, the atomic volumes of 
mercuiy and cadmium corresponding to the atomic weights 200 and 112 respectively, 
would each be twice as groat as the atomic volume of any other element. Secondly, 
because tho chlorides, oxides, &c., of those metals, which are ordinarily represent^ 
as proto-compounds, would have to be represented as deuto-compoimds, thus 
HgCl®, ZnCF, CdCl*, &c., a result not warranted by chemical considerations, seeing that 
in theijji chemiet^ properties, these compounrls are quite undistingiiishable fiom undis- 
puted proto-oemipouii^. Moreover, tho adoption of these doubled atomic weights 
would load topmost complex expressions for very many compounds. Of course, if it 
could be proved that the true atomic weights of these metals were really the doubles of 
those ordinaj^ emjiloyed, the circumstance of the duplication leading to inconvenient 
fotmulse wowi have to bo disregarded ; but in tho absence of such proof, the com- 
plexity to which the conclusion would lead is pro tanto evidence against proba^ 
bility of its being true. Thus, phosphate of lead would become Pb"’P®0* instead of 
Pl»*PO^; potassio-sulphate of copper woulil becomo K*Cu"(SO^)®.6H*0 instead of 
KCuS0\3H*0; sulphovinate of zinc would become Et*Zn"(S0*)\2H*O instead of 
EtZnS0*.H*0; mercaptide of mercuiy would become Et*Hg"S* instead ofEtHgS, &e. 

Other exceptions to Ampere’s law are furnished by the sesquichlorides of alumininm, 
iron, and chromium, the vapour densities of each of which, as determined by Deville^ 
correspond to one volume of vapour only, instead of to two volumes. Hence it has been 
proposed to double the weights of the molecules of ^ese compounds, and to re^esent 
them by the formulse Al^CP, Fe^Cl*, and Cr*Cl* respectively. But it is observabU 
that if the moleeulo of sesquichloride of aluminium really contains 6 atoms dT ehlori|Mb 
it must also contain 55 parts of aluminium, and as a consequence, 55 parts of sfamii*. 



ATOMIC WEIGHTS. 409 

ninm will eoiistitate the smallest combimng j^ropeztion of the metal, or the^ smallest, 
quantity whidi exists in a combination ; in which case the smallest combining pro- 

portion of fti iiminmm will hare twice the spe^fielieat of the smallest combining proper* 
tion of any other element, a result that must throw considerable doubt upon ^ 
propriety of the change on which it would be conseauents Again the vapour-ddhsity 
and chemical relations of chlorochromic aldehyde alike show that its molecule must 
l>e expressed by the formula Or*O^Cl*; while the correlations of sesquicUoride of 
chromium and chlorochromic aldehyde require the molecules of the two compounds to 
bo represented by formulee ex^ssingthe same amount of chromium, whidi '^uld not 
be the case if the sesquichloride were represented by the formula (VCl*. There is, 
moreover, another compound^ namely, arsenious anhydride, As*0”, the vapour-density 
of which corresponds to only one volume of vapour instead of two volumes, althmigh no 
reason for the anomaly has yet been brotight forward. There are also tlu^^weU- 
known compounds, the vapour-densities of each of which correspond to four T<dtuneS| 
instead of to only two, namely, nitric oxide, N*0*, pemitric oxide, N*0^ and percMorio 
oxide, Cl*0*. In its chemical relations, the molecme of nitric oxide, N“0* corresponds 
to tlio molecule of chlorine, Cl*, and the atom of nitric oxide, NO, corresponds to the 
atom of chlorine, Cl : but whilst the atom of chlorine corresponds to one volume, and 
the molecule of chlorine to two volumes, the atom of nitric oxide correspond to 
two volumes, and its molecule to four volumes of gas, and similarly with pemitrio 
oxide and perchloric oxide. At present no satisfactory explanation has been mven 
of these anomalies, though it is not improbable that they may be explicabb on 
the principle of disassociation. Thus, it is possible that the atom of sulphurous 
anhydride, (SO*)", which, like that of oxygen, O”, is capable of displacing two atoms of 
liydrogen, would also, like the atom of oxygen, be represented by one gaseous volume, 
wiTc it not for the circumstance that the molecule of oxygen, 0% cannot split into two 
other molecules, w’^hereas the molecule of sulphurous anhydride, S*0^, corresponding 
thereto in equivalency, can split into two separate molecules, each of which is capable 
cd* occupying two volumes ; and this relation of oxygen to the diequivalent atoms of 
HnI]ihuroiis anhydride, sulphuric anliydride, carbonic oxide, carbonic anhydride, dtc., 
may bo a parallel of tho relation which subsists between chlorine and the prot- 
cquivsilent atoms of nitric oxide, pemitric oxide, and perchloric oxide respectively, 

< )ut of many hundred volatile bodies whoso vapour-densities have been ascertained, the 
f ilhnving table comprises all the well-known exceptions to Ampere’s law, though doubt- 
less the strict chemical analogues of some of these bodies would also prove exceptional : 


1 Symbol. 

Vapour. 

Atomic 

weight. 

Theore- 

tical 

▼olume. 

Actual 

volume. 

h’ 

!a. 

Phosphorus 

Arsenic 

P - 31 
As - 75 

1 

I 

} 

KgCl 

Corrosive sublimate 

Hg -100 

2 

1 

HkEi 

Mercuric ethyl 

2 

1 

Hg3Ie 

Mercuric methyl 


2 

1 

Zu£t 

Zinc-ethyl 

Zn --32*5 

2 


ZnMo 

Zinc-methyl 

As -78" 



A«'0» 

Arseninas anhydride 



AV'Cl* 

Aluminic chloride 

Ai -lafs 


1 *■/ ‘ 

tvoi* 

Ferric chloride 

Fe -28 

2 


Cr-Cl* 

Chromic chloride 

Cr -26*2 


v-l,. i. 

N»0* 

Nitric oxide 

N - 14 

2 


N=0‘ 

Pemitric oxide 


2 

'•'4 

ci»o< 

Perchloric onde 

Cl » 85*5 

2 


H=80‘ 

Sulphuric acid 

S - 16 

2 

4 

NH^a 

Sal-ammoniae 

N - 14 

2 

4 

nh*cn 

Cyanide of ammonium 

C - 12 

2 


nh«.hjj 

Smphy drate of ammonium 

S - 32 

2 


pa» 

Pentaehlorido of phosphorus 

F - 81 

2 



Hydrate of ethylene-diammonium 
Hydrate of dimyl-ethylene-dismmo- 
mum 

0-12 

2 


OfH'WO 


2 

4 


UU 8 
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The anomalous yolames of last seven compounds are dearly ez|^cable on tlie priii. 
ciple of disassociatioii. WitU regard to the duplication of the atomic weights cf 
metals whose chlondes and ethyhdes bve anomalous densities, it must be remembered 
that, the proposal is at present young, and that further investigation may suffice to 
TteM some of the objections which at present surround it ; precisely as farther in- 
Tostigation removed the ohjei^tions which in the first instance seemed to oppose with 
overwhelming force, Gerhamt's proposal to double the then received atomic weights of 
carbon, oxygen, and sulphur. This same remark applies to the proposal of CannizzarcL 
which we* shall next havu to consider. 

It was contended by Dulong and Petit, who were the earliest investigaton on the 
subject, that all elementaiy atoms have the same capacity for heat, or, in other words, 
that the specific heats of all elementary atoms are the same. If t.hi« 
be admitted, it is obvious that the determination of the specific heat of an element 
must furnish a ready means of fixing its atomic weight. The atomic heats of simple 
and compound bodies have been of late years ascertained with great care, thongh from 
the nature of the subject it can scarcely be said with great accuracy, by Regnault, 
whose results, corresponding to the atoms which we have adopted, are as fcdlows; 


12 

Carbon 

. 2*89 

80 

Bromine 

, 6*74 

32-6 

Zinc 

. 3*10 

127 

Iodine . 

. 6*87 

56 

Cadmium . 

. 3*16 

32 

Sulphur 

. 6*48 

13*75 Aluminium 

. 2*93 

79 

Selenium 

. 6*62 

28 

Iron 

. 3*18 

128 

Tellurium 

. 6*06 

29*5 

Nickel 

. 3*20 

31 

Phosphorus . 

. 5*86 

29*5 

Cobalt 

. 3*15 

75 

Arsenic . 

. 6*10 

31*7 

Copper . 

. 301 

120;3 

Antimony 

. 6*09 

100 

Mercury . 

, 3*19 

210 

Bismuth 

. 6*57 

103*6 

Lead 

. 3*25 

118 

Tin 

. 6*57 

53 

Palladium 

. 3*16 

23 

Sodium . 

. 6*76 

99 

Platinum 

. 3*19 

39 

Potassium 

. 6*71 

27*5 

26*2 

12 

20 

43*8 

68*6 

Manganese ' 
Chromium 
Magnesium 
Calcium | 

Strontium 
Barium J 

- 3*1 

108 

196 

Silver . 

Gold • . 

. 6*16 
. 6*38 


The numbers representing Rognault’s atomic heats wore obtained by multiplying the 
observed specific heats of the bodies, referred to that of water as unity, by their 
atomic weights on the oxygen scale. Rut it would be found more convenient in prac- 
tice to assume the atomic heat of lead, wlxich corresponds nearly with^he mean 
atomic heat, as unity ; whereby the atomic heats of the first class of metals would 
approximate more or less closely to the number 1, and those of the second class to 
the number 2. On this scale, the specific heats of tlie first class elements would cor- 
respond to the reciprocals of their atomic weights on either scale, and those of the 
second class to twice their reciprocals. 

At the time of Regnault's researches, the atomic weights of all the elements in the 
second cblumn, with the exception of sodium, potassium, and silver, were i^requently 
expressed^ the halves of the numbers we have adopted. Regnault proposed to halve 
the atomioipweights of these three metals also, whereby the atomic heats of all the 
elements would be in accordance with Dulong and Petit's law, and would be ex- 
pressed by numbers approximating mors or less closely to 3-0 on the watmvimity 
scale, or to 1*0 on the lead-unity scale. It is observame that in no case does the 
experimenlal atomic heat thus obtained differ from the mean atomic heat in the ppopor- 
tion pjri*|i:or 0*0^ to 1*0 ; whereas the extreme atomic weights difffx* from one another 
in of ^ 9. Concerning this close correspondence in the atomic heats of the 

elemsnfcChsdu^ writra : “ The law (of Dulong and Petit) would probably repr o sent 
the resiutsNff ffipervation in a perfectly r^rous manner, if the specific heat of each 
body could be vnlten at a determinate point of its thermometrical scale, and if the 
specific heat could be frirther disencumbered of all the foreign influences which modiQr 
the obs^ation,” such as the original state of hardness or softness of the body, its 
crystalline or amorphous condition, the heat absorbed to produce softening ana the 
heat absorbed to produce dilatation, ^c. Recent chemical zeseoich, hoii||riV, has 
rendered it impossible for chemists to halve the atomic weights of the demSiiiiWlii l^be 
second column, so as to make their atomic heats coincide with that of lead ; and 
Oa nni gg a ro has been led to advocate a transpoeition of Regnault's proposal, so as to 
tain the integrity of Dulong and Petit's law, by doubling the atomic weights d the ^ 
metals in the first edumn, whereby the atomic heats of all the dement with 



possible eseeption of carbon, #(mld be expressed bymnabers approaohuig ioiore or leas 

cios‘*iy * ? ' 

C^nizzaio haa also pointed out that if his ibtoiuic weights wore adopted, the atoi^ 
heats of many compound bodies, when diTided by the number of their eonBt^t|Mm 
atoms, would give a number appro^mating more or less closely to 6, or in 
nords, the atomic heats of these bodies approximate to the sum of the atomic heats 
of their constituent elements. It is observable, however, that the latter mode of ex- 
pressing the fact applies equally well, whether or not we doui^ fhe atomic Weights in 
tiie first column. Thus the atomic heat of chloride of silver%pproximate8 to 6 + 6 
or 12, and that of chloride of lead to 6 + 3, or 9. 

It Is evident that the atomic weights proposed by Cannizzaro, fh)m considerations 
of specific heat, frequently correspond with those which he and others have been led 
to from considerations of atomic volume ; and their adoption is consequently liable , to 
iho objections which we have already taken. 

Cunnizzaro’s proposal, moreover, would involve the dissassociation of silver from 
Unid, and that of the metals of the alkalis from those of tlie alkaline earths. The 
chlorides of silver and potassium, for instance, would be represented as protoehlcrides 
by the formula) AgCl and KCl respectively, whilst those of lead and barium 
would be represented as dichlorides by the formulae PbCP and Bad* respec- 
tively. Now the highly basic characters of , the ulkalino earth-metals, the strongly 
alkaline reactions of their dissolved hydrates, the perfect neutrality and groat por- 
niaiiency of their salts, seem to demonstrate tlioir analogy to undisputed protequiva- 
tent metals, such as potassium, rather than to undisputed di-e<pii valent metals, such 
aa tin. Again, the large number of similar compounds to whicli silver and lead give 
origin, the close resemblance in chemical properties of their corresponding compounds, 
tlieir very general paramorphism, and not unfrequent iBomorj^hism, seems to forbid 
their representation by discordant formulm. The two metals are soft, malleable, 
fusible, volatile, and isomorphous. The two chlorides are anhydrous and insoluble, 
or sparingly soluble ; the two sulphates are anhydrous, insoluble and similiform ; the 
two hydrates are sparingly soluble, forming alkaline solutions ; the two sodium-double- 
chloridos, potassiura-double-iodides, protosulpbides, cuprososulphides, monobasic and 
tri baste sulphantimouites, are similar in their chemical, and isomorphous in their 
physical relations. ^ ^ ^ . 

It seems to us that the objections to Cannizzaro’s general proposition,^^, in the 
present state of knowledge, too great to admit of its adoption;* but still it icr^question 
whetlier some of the metals comprised in the first column might not advantamously, 
receive the doubles of their ordinarily admitted atomic weights. With regard to the 
metals palladium and platinum, for instance, it ie not by any means improbable 
that their real atomic weights may prove to be 106 and 198 respectively. With 
rvgard to aluminium, again, it is certain that, so far as our i^tual knowledge goes, the 
smallest indivisible proportion of aluminium that can exist in a combination is twice 
the proportion expressed by its ordinarily received atomic weight, or, in other words, 
it amounts to 27 ’6, instead of to only 13*76 parts. All chemists invariably represent 
the compounds of aluminium to contain 27*6 parts of aluminium, which is indeed its 
«m:illcAt combining proportion or chemical atom. Consequently, by employing the num- 
Ijor 13*76 to express the atomic weight of aluminium, all aluminous compounds have to 
be represented as containing two inseparable atoms, or some multiple of two insepmble 
atoms of the metal, a result which is evidently unphilosophicaL Ine cl^miswlMDitades 
of the metal aluminium resemble the chemical habitudes of the metal bismdtttST’d 
of the former coiresponding to 210 parts of the latter; and there is no gVMW chemical 
reason for halvii^ the 27*6 parts of aluminium in order to represent itt trichlorido 
ss a scsquichloride, than there is for halving the 210 parts of bismuth in order to 
represent its trichloride as a sesquichloride. Somewhat similar observatioiw «i^ply to 
the metals, iron, mansanese, and chrome^ when entering into the oonsl^lNltiDO of 
ferric, manganic, and <£roime salts, res^tively. Throughout all 
and^ recompositions of ferric compouncU, for instance, so long as th)£rodatil|^Pio be 
feme compounds, we find 66 parts of iron constituting one indivisiblifiB|BH pro- 
porrion or chemical atom. We have two allotropic forms of the lion, one of 
which we call ferrotum^ having the atomic weight 28, the atomie he« 1^ and combia- 
^ with 1 atom of chlorine, to fbrm a protochloride ; the other, which we call 
fvrricuii^ having the atomie weight 66, the atomic heat 6, and combining with 3 
proportions of chlorine to form a trichloride ; and similarly with ehromosvm and chro^ 
w mmi^anoaum and man^nieum. The ferroos and fisrric atoms have distinct 
ch^aieal pr opert ies and form distinct series of compounds, which difier more from 
ow another than do the salts of fecrosnm from those of nickel and cajppef, or ttum do 
the salts of fexrieum from those of aluminium and bismuth. So gra^ indead, is the 

wJl apfifioo bss «lneci been modified by the writer. See Mar aw, Atohic WmosTs 4 Mk CflUsf- 
ncAiioe or <Ui. 9to«»63>. 
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' and f<mc efimpbiiDciSi^tb cyae auspected them to 

contain thftjg^e nina^ or evon^^aimilar metals. Nowj that two different allotropie 
foi^s of tK^flaine elem^nVtnay^hii^' atomic heights and d^ereot equira- 

ledir seea^ to be no Ibii^ ^^tionable. Brodio^s reseaches on ^aphon 

have ahown TOhcluamly that compoimdB may be prepared which contain the mphitic 
mo^fication of carbon, and are altogetiier (fissimilar from compounds containing the 
ordiShtfcy fpr^l pf carl^^> Xn^ fact* ordinary carbon-compounds present a greater 
ana^^ to corriBsponding%MnTOunds of sulphur than they do to any of the known 
com^unds of graphon, foKi as the salts of ferrosum resemble salts of nickel more 
closely than they do the jSts of ferricum. The only drcumstance wanting to complete 

^#the parallel is that not only carbon and graphon compounds* but isolated carbon and 
graphoh are known to chemists ; whereas, though ferrous and ferric compounds are well 
known* chemists have not yet recognis^ any form of iron distinct from ferrosum, 
unless indeed we make the by no means improbable assumption that iron in the passive 
state constitutes ferricdnk The specific heats of carbon, graphon, and diamond cor- 
respond dourly with different atomic weights. Thus* if we accord to carbon the atomic 
weight 12, to graphon tho atomic weight 18, and to diamond the atomic weight 24, the 
atomic liciits of the three bodies, calculating from Begnault's results, will be 2’8980, 
8 (3324, and 3*5232 respectively, giving a mean of 3*3512. But it seems probable from 
chemical considerations that the atomic weight of graphon is not 18, but 36 (33 
Brudie), in which ease its atomic heat will be 7’2(>48, or exactly as much above tho 
mean as that of phosphorus is below it. 

Precisely as the double atoms of iron and aluminium in ferric and alurainic salts 
constitute indivisible proportions, so do tho double atoms of copper and mercury in 
cuprous and morouroiis compounds constitute indivisible proportions throughout all 
the decompositions an<l recompositions of their respective salts. So long as tho metals 
remain in the state of cujjrosum and vwreurosum^ so long do 63*6 parts of the former 
and 200 parts of tho latter constitute their respective atomic weights or smallest 
indivisible combining proportions. Each met.*il would have for its atomic heat the 
number 6* and w'ould combine with one atom of chlorine to form n protochloride, so that 
while tho atoms of ferrosum and ferricum combine with the halogens, &c., in different 
proportions, or, in other words, have different degrees of equivalency* the atoms of 
mercurosum, and mercuricum though liaving different atomic weights and different 
atomic heats, combine each with the same proportion of halogen, or, in other words, 
have tho samo dogreo of oqiii valency ; and similarly with cuprosum and cupricum (see 
Equivalents). A convenient mode of representing the atoms of ferricum, morcurosuin, 
&eM consists in doubling one of the letters of the respective symbols used to express 
the atoms of ferrosum and mercuricum, &c., so as to indicate that the atoms of the 
former elements aro twice as heavy as those of the latter. In a similar manner tho 
atom of graphon might be represented by the s^mibol Ccc* to imply that it had three 
times the atomic W'eight of carbon. In this way we might arrange tho following 
scries of atom.s : 


Atomic heata =s 3. 
Carbon . . C"" 12 

Ferrosum . Fe' 28 
MaiigM nosum . Mn' 27*5 
'Chfojnosum . Cr 26*26 
Mteuricum . llg' 100 
Cupricum . Cu' 31 '76 


Atomic hears s G. 


Graphon . . Gr or Ccc 36 

Aluminium . AH'" 27*5 


Ferricum 

Manganicum 

Chromicum 

IMercurosum 

Cuprosum 


Ffe'" 66 
Mm'" 65 
Ccr'" 62*6 
Hhg'200 
CW 03*6 


By thus recognising the quantities represented in tho second column as distinct atomA, 
wo obtain nearly all the advantages, with scarcely any of the disadvantages, which 
would accrue from Cannizzaro’s proposal, and are enabled to account satisfactorily for 
the frequent isomorpliism or parallelism of the double proportions of these elements, 
with the single proportions of other elements, as illustrated below: 


KCIO^ with KMmO* instead of KMn*0 


K^SO* „ K»MmO« „ K»Mn*0^ 

K=SO* „ K*CcrO* „ K*Cr®0^ 

SO» „ CcrO> .. Cr*0» 

„ CcrO*Cl« „ <VO*Cl* 

Ag^S Cxiu*S „ Cu»S 

Ag»SbS» „ Pb«CcuSbS> *. Pb*Cu*SbS» 
Pb^ „ PbOcuS „ PbCtt»S 


In addition to vapour-density and.sp^fic beat, isomorpbiSm also fomisbes a 
valuable aid in the determination of atomic weights. As a mie, the isomorphiam of a . 


ATQ^I^ 



m 


mdijiilfMo, 



comparatirelj unknown suMaii^^ a Iri&brtaiibe" i 

vpight are well deterBoin^.^W^ai^ ac«^^rdn» 

formula atomic weight cdia^pon^ng jaiihiiTi pf Iwlrnttec jpiown 1 
the isomorphiBm of the stannic and tlitaiuc |nl^|4naei, hf the dutt^te a^dnio^lb 
of lead, of the sulphate and selenate of kodium, aisista us matendiy in our di^t 
nation of the atomic weights of titanium, mol^Menum, an(i ael6iiiumxeBpectii?!jB}' 
of the formulae of their respe^ive com]^unds. But aton^! weight* dcduced^^ 
from isomorphous considerations, require to be recmre|^nth ca 

for the following reasons. We sometimes find obTieus cf^plcal aiial%ie6 to exist in 
oa»es, where from dimorphism, or some other cause, the issbiozphiBQi is very imper^^. 
feotly developed ; and on the contrary, we sometimes liave a marked isomor^ism - 
exifiting between bodies whose chomic^ correlations are rej^ unsatisfiictoiy. Thus, 
the isomorphism of potassium and sodium salts is not by apy means striking, Kitmto 
(^f potasnium, for instance, usually eiystallises in right rhombip^ prisms, and nitrate of 
sodium in rhomboids. It seems, however, that each salt can crystallise in both 
systems, and that while the ordinary form of nitrate of sodium corresponds with the 
rare form of nitrate of potassium, the ordinary form of nitrate of potiissium corre- 
sponds with the riire form of nitrate of sodium. Again, the chemical analogies of 
hiiniliir lead and mercury compounds are extremely well marked, but isomorphism is 
manifested in a very few instances only. Indeed the isomorphous relations of lead 
and calcium arc more decided than are the isomorphous relations of load and mercury. 
Agiun, tellurium is hetcromorphous with it« chemical analogues, soleiiiumand sulphur, 
and isomorphous with its chemical hctcrologues, arsenic and antimony. One might 
liere refer for a moment to the well-known isomorphism of certain sulphides and 
arsenides. Thus, sulphide of nickel, Ni"S, is isomorphous with the arsenide Ni^A-s, 
and the aiitimonide Ni^Sb. Marcasite, Fe®S®, i.s isomorphous with mispickel, Fe*SAs ; 
and common pyrites, Fo'^S^ with cobalt-blende, Co'-'SAs, and smaltino, Co*As*. 
t'i’oin this isomorphism a general analogy in composition between arsenic and sulphur 
eoinpouiids, might possibly be inferred, were it not that such an inference would 
speedily bo found incompatible with the reSlilts of chemical analysis. But if arsenic 
had been a rare and imperfectly known element, tho isomorphism of marcasite and 
mispickel might not improbably have led to tho association of its compounds with 
lliosc of sulphur instead of with those of phosphorus. 

Jloivover, 2 atoms of one element are not unfrcQucntly isomorphouB with 1 atom 
ef another. Wo have already given several examples of this phenomenon when 
reft rriiig to the isomorphism of sulphates with chromates, M“»SO^ and of 

l>er(*hIorates with permanganates, MClO* and MMn'‘^0^ and of salts of silver with 
salts of cuprosum, Ag®S and Cu'‘S ; and we have shown how tho anomaly could be 
roa<lily explained away. Nevertheless it may bo useful to point out definitely the 
kind of difliculty to which this sort of isomorphism might possibly give rise. At tho 
pre.scnt time, the ordinary salts of zinc, iron, lead, and silver, ore alike thought to bo 
pruto-salts. Now we find that copper forms two chlorides, two oxides, two sulphides, 
in one set of which, the proport ion of copper is twice as great as in the other. 
Which of these sets then comprises the protosalts? Judging from the isomorphous 
relations of cupric compounds with salts of iron and zinc, wo sboiM say that the 
cupric compounds were 'protocora pounds, and tliat the atomic weigh^bf copper was 
a 1-7. Judging, on the other hand, from the isomorphous relations of chp^us com- 
rKuinds with salts of lead and silver, we should say that the cuproua obm^ypi^ Vera 
tho protocompounds, and that the atomic weight of copper wis 63*4. ^ 



nerite, (Al*)'"Ca*SiO^ Again, nitrate of sodium, NaNO", calc-spar, Ca®CO*, and red- 
silver, Ag®SbS*, are isomorphous with one another ; as are also nitrate of potassinn|, 
KNO*, arra^onite, Ca*CO*, and bournonite, Fb*CcuSV»S*. Perchlorate of potassium, 
K CUO\ 18 isomorphous with sulphate of barium, Ba’^SO^ ; and sulphate of iroti, 
is paramorphous, if not isomo]^hous, with arsenate of sodium, 
Nu'HAfl0^7H*0. These dlustrutions are sufiScient to show that the inferences de- 
ducible from isomorphism, unless supported by chemical or by some other physical 
<*vidence, must nut be inconsideiately adopted as certain means for the determination 
fif atomic' weights and chemical formulae. W. O. 

AnUkMm TU K STOSnO. Atramenten^tein. — A product of the partial 
^'xidation of iron pyrites, consisting of a mixture of ferrous and ferric sulphat es w i^ 
free ferric oxide and a voriabU quantity of cupric sulphate and undecomposed pyrites. 
•It is MB&d in the manufiicture of ink (atramentum), 

AVWSUCBs Many plants belongiim to this genus are used for thu extnfobKm 
of soda, (Boehleder.) 



ATSIP&xat ▼IBXBIfCltfSiLfli, a chenopodiaceous plant arovnn^ In Saisla 
8tep]^ leares 12*6 per cent of aahcontaii^g 43*3 percent, of smuUe salts^ tie. 7^ p«r 
cent sulphate of potassium, 4*8 sulphate of sodium, and 8 carbonate of so^um, 24*6 
chloride ot sodium, and 1*9 caustic soda. (Gob el.) 

ATROPXC, AdZB. An organic acid stated by; Bich ter ( J. pr. Chem. ai. 83) 
to exist in bellf^nna, and to bo obtained by treating the aqueous extract vith alcoholic 
ammonis^ erapiirating the solution with potash, and decomposing the resulting 
potassium-salt wiilh sulphuric acid. It is said to resemble benzoic acid in form and 
volatility ; bat its properties, an^ indeed its separate existence, have not been well 
^ made out. 

ATROPZSrx, or OATHAZirB.. or This alkah, dis- 

covered in 1833, al most a ttiie same time by Geiger and Hess (Ann. Ch.Pharm. vii.269), 
and by Mein (Md. vi. 67), exists in all parts of the deadly nightshade {Atropa Bellas 
donna) ; it is also contained in the seeds of the thorn-apple {Datura stramonium). 
The alkaloid has been analysed by Liebig (Ann. Ch. Pharm. vi. 66), and by Planta 
(itad, Jxxxiv. 245) ; tlie latter has also analysed many of its salts. 

To extract it, the roots of the belladonna are treated with strong alcohol, and the 
extract left some hours in contact with caustic lime, then filtered, and supersaturated 
with sulphuric acid, the alcohol having been previotiely driven off by a gentle heat. 
A concentrated solution of carbonate of potassium is then added, and the liquid filteied 
as soon as it begins to show turbidity. The crystals of atropine, which separate after 
a while, are purified by repeated crystallisation from alcohol. Caro must be taken not 
to apply too strong a heat^ as the atropine is easily decomposed. — Raboiirdin extracts 
the atropine by cldoroform. Presh belladonna taken at the period of flowering, is 
iieatcd to 80^ or 90^ C. to coagulate the albumin. The clarified juice, when cold, is 
mixed with caustic potash and cliloroform, in the proportion of 4 grms. potash and 
30 grms. chloroform to a litre ; and the whole is agitated for a minute and then left 
to settle. After half an hour, the chloroform charged jvith atropine separates in the 
form of a greenish oil, which after being washed, is distilled till all the clilorofonn 
passes over. The residue in the retort, is extracted with a little water acidulated with 
sulphuric acid, which dissolves the atropine, leaving a green resinous matter behind. 
The acid solution is then treated with carbonate of potassium, and the precipitated 
atropine crystallised from alcohol. 

Atropine ciystnllises in colourless silky needles united in tufts ; by slow evapora- 
tion of its alcoholic solution, it is often obtained in the form of a translucent vitreous 
mass. It is but slightly soluble in water, but dissolves readily ui alcohol, less in ether. 
It is strongly alkaline, and has a veiy bitter taste. It melts alt 90°, and volatilises at 
140° C., undergoing pai’tial decomposition. It is highly poisonous, causing vertigo, 
headache, and even death ; it also produces persistent dilatation of the pupil. 

Chlorine actsjbut slowly on atropine, producing a yellowish liquid, which contains a 
considerable of hyilrochlorate of atropine. Tincture of iodine colours it brown. 

Hot nitrio it, with evolution of red fumes. Chloric acid dissolves it, but 

deposits by 'spontaneous evaporation. 

A f ju att(ds, but the salts ore difficult to crystallise. They 
are inodorous in the pure state. They are permanent in 

the air a,t but become coloured even at the temperature of boil- 
ing water ; aresoluble in water and alcohol, and insoluble in pure ether. 

Botashf ‘their earhonatea, precipitate atropine only from highly concen- 

trated so 23 |fabn 8 of its salts? fkt precipitate dissolves readily in excess of alkali* 
^i^ipitates it only after aadition of hydrochloric acid. 

Acetate of atropine forms nacreous prisms grouped in stars: it is permanent and 
ve^ soluble ; after being several tirne^ dissolved^ it loses a little of its acid. (Geiger.) 

The ehloro*auratc, C**H®*NO*.HCl.AuCl*, is precipitated as a yellow powder, gradually 
becoming crystalline, when a strong solution of hydrochlorate of atropine m poured 
into a duute solution of trichloride of ^old ; the liquid should be well shaken daring 
the mixing, to prevent the agglutination of the precipitate. The chloromereurate is 
precipitated only from very concentrated solutions. The chloroplatinate is a pulve- 
rulent precipitate, which rapidly agglutinates : it is very soluble in hydrochloric add.. 
The hwrocMorate crystallises in tufts (Geiger); according to Planta, it is nnem- 
tallisaUe. The nitrate frrms a syrupy deliquescent mass. The pirate is a ydioW 
pulvenilent precipitate. The stdpha^ crystalUises, according to Geiger, in ddieat^ 
" colaurieBS, nacreous needles, grouped in stars or tu^ : it is very solublu Piania did 
■ not auoeeed in. crystallising it The tartrate is a syrupy mass, which beoomeE moist 
in contact with the air. 

Thi||^fiis/dwi^ prepaM by dissolTing atropine in an equivalent quanti^ of valdriaaio 



.fi'd dilated widi 2 ^ of ether, aml eh^ed to 0° 0., then och&ut. a fiirth» go 
^recUfi^ ether (of - *• ■ 



ff the greater part of their *t 100®, and at 120® heo^ to evolve vapours of 

valerianic acid. The salt prepareC as above is perfectly solubte in wnui 
AVOrrs. Pyroxene, (Om, iii 402 ; Handvr. d. OhenL iL 00^^ The name 
of a class of minerals diatingoished: -^1. By a certain form, belonging to the mono- 
clinic or oblique prismatic system, being a prism of Sf® with the'base indined at an 
angle of 74® ; — and 2. By the general formula SiM"0* -• or 8Jl/0.2^i0*,e 

where M consists for the most part of Mg and Ca, giviiig«|he fonnulaj^ O.SiO», less 

fre(]uently of Fe or Mn. Occasionally also IMg is replaced by 6H (polymeric iso- 
morphism) ; and in the varieties called alximinous augites, 1 at SiQ4 by 1 at. A1‘0> (or 
by ^ 

Specific gravity 3'23 to 3*d. Hardness 3 to 6. Lustre vitreous, inclining to 
resinous : in some varieties, pearly. Colour green, of various shades,- verging on one 
title to white or greyish-white, and on the other to brown or black. Streak white to 
grey. Transparent to opaque. Fracture conchoidal to uneven. Brittle. 

The nature of the metals, whether calcium, magnesium, or iron, which enter into the 
composition of the mineral, produces considerable variations, not only of colour, lustre, 
transparency, and density, but also of crystallographical development, sometimes giving 
rise to differences in the magnitude of the angles in the primitive forms. Those dif- 
ferences of character constitute the distinctions between me several species of augite, 

I he principal of which are the following. 


Common Augite^ (M = Ca, Mg, Fe), the silica being sometimes also replaced by 
jiluniina. Black, greenish, or brownish-black crystalline masses, with cleavage parallel 
to the faces of a monocHnic prism of 87® and 93®. Specific gravity 3*33 to 3-3fi. The 
l i st developed crystals are found in basalt and other volcanic rocks. It occurs in tlio 
]a\as of Etna and Vesuvius, in the volcanic Eifel, in the Bohemian Mittelgebirge, in 
t}ic Fassathal, Iceland, and in numerous other localities. In some of these augites, tho 
.V;; is almost wholly replaced by iron and calcium. Hudeonite from North America, 
contains chiefly iron and scarcely any magnesium, a considerable portion of the silica 
in tliia mineral is also replaced by alumina (SiO* by A1*0*). 

Pyroxene.-^Tbie name is sometim^ ua^ as synonymons with augite, to denote 
the entire family ; but it is especially applied by some mineralogists to certain varieties 
of .lugito, having a grwn or dark green colour, via. Faesaite, CoccoUte (consisting of an 
atrgrogation of roundish crystalline grains), Funkite^ Baikolite^ &c. They are dis- 
tin^i^uiuhed from common augite chiefly by containing a smaller amoimt o^iron. 

JHopside (white * augite, Mussite). — Essentially a sUicato of cs^W^and mag* 
nosium, (Ca;]l(^)SiO*, some varieties, however, containing small quanti^H^tfron, man- 
^ancbo, and oven hydrogen (H’ instead of Mg). Colour, white,. gpe|g B^S^ g>eenish- 
wjiite, and light green. Occurs in very fine crystals, 4^ in 

Malacolite , — An augite rich in magnesium, also 
and iron being only subordinate. The water which it cont£sls than 

the anhydrous augites. Salite and Pyrgom are rela^ jn chemlcin to 

malacolite on the one hand, and to pyroxene and diopside ^i4he other./ * 

Biallage and Broncite are, like malacoliUy hydrated augites rich in 
but having also the silica more or less replaced alumiiia. In hypereikene, the iron 
I^rcdomtnates very strongly as protoxide. All these minerals, to which idso the 
ttugUic talcs are related (sea TaixsI, possess a laminated stmeture^ arising from the 
I>eculiar facility with which they cleave in a particular plane. 

Asbesiotdal augites, ace hydrated calcio-magnesian augites of fibrous straetun : 
»oTne of them occur aspacamorphoees.. This is^Uie case with TraverKllUs, a hydrated 
fl|rroso.magDe8iaa augite from TravecseUa in fledmont To this subHipeeieS'iqppesre 
^ to^^belong a nearly pure feixoas augits^ analysed hj Orann. (CoiHf4 rend- 

^e following minerals also belong to the augite ftmily : JBgyrin^ pteiMAy a esldo- 
^um angite; Jemiis or Aehmite (p. 86), in which mlica is rinLiM fay alumina; 

in which fiM'X) ace xeplaced by A1*0*; JtrfhrsoniUf an angite eenUituag^ 
ff ko d on its , a neaclj pure manganese angite. 
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47e AUGITE-i.A5^TURIN. 


The following are analyra of certain tarieties of augite : 




• . ■ ■ ■ . 

‘WaAearoder. 

1 

1 


H. Rom. 


9 

Benceliot, 


a 

b 


d 

e 

/ 

Lime ... 

. 24^4 

24*76 


24*94 

23*47 

20*00 

Magnesia . 

. 1€*22 

18*66 j 

16*49 

1800 

11*49 

4-60 

Protoxide of manganese 

. 0 T 8 

0*82 

0*42 

2*00 

0'61 

3*00 

Protoxide of. iron. • 

. 2*50 

0*99 

4*44 

108 

10*02 

18*86 

Silica .... 

. 64*16 

64*83 

64*86 

64*64 

64*08 

6000 

Alumina * . 

. 020 

0*2$ 

0*21 





100*00 

99^ 

0519 

100:66 

99*67 

9636 


a is diopside £n^ Fassa; b from Fammare ; c, salite from Sala ; malacolite from 
Orrijerlbr ; e from l>i4ecarlia ; y from Dugero. 

Crystals having^wo form, structure, and composition of ai^te may be obtained by 
exposing a mixture of 1 at. lime, 1 at. magnesia, and 2 at. sDica (SiO*) to the heat of 
a porcelain furnace, and leaying it to cool very slowly (Berthier^ Ann. Ch. Phys. [2] 
xxiy. 376) ; similar crystals are likewise found among the sla^ of blaBt-fumacea 
(Noggerath, J, pr. Chem. xx. 601.) 

The augites are not completely decomposed by any acid except hydrofluoric acid 
Their behaviour before the blowpipe varies according to their constitution. Diopside 
yiel<^ a colourless nearly transparent glass ; ferruginous ai^tc, a dark-coloured eiass. 
Audte dissolves readily in borax, but with difficulty in microscosmic salt> forming a 
skeleton of silica. 

AUCKrSTZXlk Syn. with Apatxto. 

AinfeUll?* The name given by Plisson to a body which separates from oil of 
iieroli, on addition of alcohol, in wliite nacreous laminae ; it is probably the camphor or 
Btoaroptene of the oil, and appears to agree in composition with the camphor of rose-oil 
It melts at 60^ C., and on cooling solidifies to a waxy non-crystalline mass ; in a close 
vessel it sublimes without decomposition. It is insoluble in water, dissolves in 10 pts. 
of boiling alcohol of 44^ Bm. ; soluble also in ether and in oil of turpentine. It is 
not attacked by acids. IVesh oil of neruli, which appears to be richer in this sub- 
stance than the old oil, yields about 1 per cent, of it. ^andw. d. Chem. ii. 668.) 

JLXnUkVTZfr^ 8yn. of Hkspeuidin. 

A.irRteRJkl«CZTB. ( Aiirum, ^old, and ore.) K miueral occurring in trans- 

parent, verdigris-grocn, needle-shaped ciystals at Loktewsk on the Altai Mountains. 
It appears to contain 4C0*Cu*\3Zn*'H*0*. When reduced, it yields a gold-coloured 
jilloy of copper and zinc. 

RintOTZIJL&UKZTS. See Tbllubixtu;, Gbaphic. 

AVTOMRUTB. Sec Spinisl. 

AXTTUIfZTa. Lime-urauitG. (See Ubanitb.) 

AVlLVlNC^IOSAZCim or MTOXVirM. The old name of disulphide of tin 
prepared in the di^^ pray. (See Tin.) 

AVUmr* A nitrogenous substance contained in oats, similar to, and most pro- 
bably identical with, legumin. 

AVJBWTUlfcZJff or AVAHTVRZR. A variety of quartz rock, which, when 
polished, exhibits a strong reflected light flx>m innumerable points of its surface, pr^ 
ceeding ^^nrtly from minute crystals o^mica embedded in the mineral, partly from mi- 
nute cra^s and fissures. The most beautiful comes from Spain, but very fine specimens 
have also been found at Glen Feraat in SeotJand. The most usual colour is brown - 
or reddish-brown, enclosing golden-coloured spangles. The mineral is used as a gmii» 
but is often replaced by the artificial aventurin-glass, which even excels it in beauty; 

AvaiVTUltZir OXASSt also called gold^Jlux. — A brownish-coloured 
irderspersed with small spangles, which ^ve. it- a peculiar shining appearance. This 
glass uiius formerly used in the arts and for ornaments, and its preparation was long 
kept secret by the manufacturers at Murano near Venice : it ia now, however, prepared 
in other localitieB. The fbllau^g are analyses of this glass : a, by Schnedencoaim and 
\V6filer ; ^ by P61igot ; c, by^enteu. 
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Gahn M dIMmed that ihe^^iatgisd appeanuica of tbo glass is due to mMdt^ 
shining, opa^; crystals, having the form of octahedfal SCginents. Hence, and ftom 
(lie compositidn of the glass, it was concluded thi^ Iho^i^tals consist of metallio 
copper, ClemandotandFr^nyr (Compt rend. xii. 330^, by molting togothen for 
12 hours a mixture of 300 pts. 6f4>o^dea^i^ass, 40 pts. of copper filings, and 80 pts. 
of iron filings, and cooling slowly obtained r nObher duH-Iooking glass containing 
copper difTused through it in octhheoral cxystals. — ^Petienkofer, on tl:^ other hand, main- 
tains that the spangles consist of crystals of a cuprous silicate, identical in composition, 
but larger in size than the crystals of the compound which impart the deep-red colour 
to beematinone-glass or pcrporino ($. e.>, and are difihsed through a mass of glass 
coloured green by protoxide of iron, the red crystals seen through the green glass 
pr^ucing a mixed or resultant tint of brown. Aventurin-glats may in Suilrbo pre- 
pared with certainty by adding to 100 pte. of a not too refractory tfass, 8 to 10 pts. 
of a mixture of eqim parts of ferrous and enprous oxides, and m^ng the mi^uro to 
cool very slowly so as to facilitate the formation of crystals. ^ crystalline cuprous 
compound then separates, and the ferrous oxide remains in tlio"^glaBB, imparting a 
green colour. Pettenkofer has also converted hsematinone into aveuturin-glass by 
addition of iron. (Handw. d. Chem. 2** Aufl. ii. 304.) 

AVWTlTUMr O&AKB. A glazing for porcelain invented by Wohler (Ann. 
Ch. Pharm. Ixx. 67). To prepare it, '31 pts. of kaolin from Halle, 43 qunrtz-san^ 14 
gj'pauni, an<l 12 porcelain fragments, the whole finely ground and levigated, are stirred 
up with 300 pts. of water, and to the paste thus formed' are successively added the 
solutions of 19 pts. of acid chromate of potassium* 47 acetate of lead, 100 protosul- 
pliate of iron, and sufficient ammonia to precipitate the whole of the iron. After the 
potassium and ammonium-salts have been washed out by repeated decmitMtion, the 
glazing is ready for use, aiid is laid on the bui^t wares in the ordinary n^uher, and 
burnt by tlio heat of the porcelain furnace. When cold, it forms a brownish ground, 
containing ciystallino laminsB which have a golden lustre, but appear green and tmns- 
p:ir(‘nt under the microscope and by transmitted light ; these crystiUs are' regarded 
by WHchter as chromic oxide or a compound of that oxide witli ferric oxide. 

AVZGirOlflr, OlULtars Ol*. (French Berries,) See Ybli.ow-iieiiiiiss. 

ASUI^STOmk A sub-species of jade, from which it differs in not being of so 
light a green, and in having i^eomcwhat slaty texturo. The natives of New Zealand 
work it info hatchets. It Jbund in Corsica, Switzerland, Saxony, and on the banka 
of the Iliver Amazon, has been called Amazonian stone. Its constituents are, 

silica 60*6, magneait 31, alumina 10, oxide of iron 6*6, water 2*76, oxide of chromium 
005. U. 


AXZVZTB. A silicate containing boric acid, so named from the axo-like bevelling 
of its lateral edges. It is also called Thwmte^ from one of its localities, Thum in 
.Saxony. Its formula is 6]!li''0.2R*0*.8Si0*,B*0*, where stands for magnesia and 
protoxide of iron, and for alumina, sesquioxide of iron, and sesquioxi^ of man- 
ganese (Om. iii. 463). Crystalline system, the trielinic or doubly obliqup prismatic. 
‘Specific gravity 3*294. Harder than /elspar. Colour varying from a fine vfc>let-broWtl 
to leek-green, sometimes pluih-coloor ; some crystals are wliite and trasisparent, with 
a glassy lustre. Before the blowpipe it exhibits the reaction of boron with acid sidphato 
^f potassium. In the unignitm state, it m not attacked by hydrochloric acio, but 
yields to it after fusion. It is found in various localities in France, Norway, Saxony, 
the Harz, and the Alps; at Botallack, near the Land’s End, Cornwall; and at Ti^ 
wclland in that neighbourhood. 

•AAAAZxnra. A bitter principle, ^rhaps an alkaloid, extracted friro Miiim 
Acadirachta^ an East Indiim tree, by Fiddh^gton (Geiger's Mag. xix. oO), who 
States that it may be used aa a aabetituto for quinine. Accordingto 0*Sh a ugh n e ssy 
(Pharm. Centr. 1844, p. 366), aU the parts of AjHidirachta Indica are vety bitter. 
The leaf is bitter and nauseating ; the bark . if peculiarly bitter, and somewhat 
Bstringent, and is used effectively in Bombay aa a substitute for cinchona barii ; >jtlio 
husk of the ripe fruit yirids a very bitter fist oG, which poesessea anthelmintiff pro- 
perties, and is nsed as an embrocatioii^ . 


AXauUAia ACZB. An acid stated W L anren t (Ann. Ch. Pbys. [2] lxd| IM 
to be prodneed, together with snberic ana other acids, in the oxidation ov olcio acid 
by nitric acid. It closely resembles snberic ae|d, befag disriiigaiBhed merely.^ m,r 
Wer melting point and gro^ aolability in ethet. Imont aesi^iedto it ^ 

C^H**0* ; hSt it is prorobly nothing but in^mre suberic acid. (Coapare Aj^ 

^harm, jDQcy 108 .) 

AzobenMe, C’HI’ni*. flfitachcrlich, AM^4« 

Phya. ttxii. 224 ; Zinin, J. pr. Chem, xxxvL 96 ^rivil ; Lgllirent and Gofiapp 



Coa^t chim. 1S49, 417.)--A product of the reiue^tt ofoitBobeammi «r 
tian of benzidine. It is obtaiaed, together with by the ^distUlat^^ 

arojcrbcuzeue ; or simply by^tUlwg & mixture of uitrobeneene and alcobolia potash • or 
by distiliing^ a mixture of 1 pt; nitrobenzene, 3 pts. ironj and 1 pt. acetic add (Kobie) 
Jueobenzene passes over to^rards the end of the operation, ae a redun^ which solidifl^ 
on cooling;; it is freed from aniline by hydrochloric acid, andreciysta^ed from alcohol 
or ether. It forms large reddish-yellow scales; sctcrcely soluble in water, readily 
in alcohol or ether. It melts at 6d^C., boils ^ at 293^, and distils nndecomposed 
(P. W, Hofmann^. Vapour-density, by experiment, 94, referred to hydrogen; 
6*60 referred to air; by calculation (2 vol.), 91 referr^ to hvdri^n, 6*32 referred ts 
air (F. W. Hofmann, Ann. Ch. Fharm. cxv. 364). It is soluble in nitric or sulphmio 
acid, and is reprecipitated by water. Sulphide of ammonium and si^hurous add ocm* 
vert it into benzidine. It is not decomposed when heated to 260*^ 0. with soda-lima. 

When acted on^Iy faming nitric acid, it yields two nitro-substitution compounds. 

Nitrazobeneene^ C^®H*(NO*)N* is formed when the reaction is not prolonged; it sepa- 
rates out in reddish -yellow crystals, which, after the acid has been decanted, are washed 
with water, and dissolved in jailing alcohol (which generally leaves a residue of the di- 
nitro compound). The solution deposits orange-yellow ciystals of nitrazobenzenci which 
are washed with alcohol and ether. When heated, it melts, and cools into a crystalline 
mass. It is less soluble in alcohol than azobenzene. — Vinitrmohenzene, 
is formed when the action of the nitric acid is prolonged for a few minutes : red 
crystals are deposited, which are washed with nitric acid, water, and ether, and recrys- 
tallised from boiling ^cohol. It forms small reddish needles, which may be obtained 
larger by ciystallisation from fuming nitric acid. When heated, it melts to a blood-red 
liquid, which crystallises on cooling. It is less soluble than nitrazobenzene in alcohol 
or ether. Sulphide of ammonium converts it into diphenine (^. v.) F. T. C. 

AiZOSlsarZXZi. C®*H**NO.(?) (Zinin, Ann. Ch. Phann. xxxiv. 190; Laurent, 
Hev. scient. xix. 446). — Formed as a white granular precipitate, when a not too con- 
centrated alcoholic solution of benzil is mixed with aqueous ammonia : after standing 
in the liquid for ten hours, it is washed and recrystalliscd from alcohol. . It forms 
long, lustrous, iridescent needles, which are soluble in alcohol, alcoholic potash or 
ammonia, and hydroclUoric acid (whence it ciystalliscs unaltered) ; insoluble in water, 
potash, or ammonia. F. T. 0. 

AZOBSirzOTX>S. (?) (Laurent, Ann.‘*Ch. Phys. [2] Ixvi. 190).— 

A white amorplious powder, formed by the prolonged action of ammonia on crude 
bitter-almond oil. It is insoluble in alcohol and ether. When heated, it melts, and 
solidifies in crystalline granules ; more strongly licated, it is decomposed. 

F. T. C. 

JZZOBSZrZOXBZXS'B. C«H«N\ (?) (Laurent, Ann. Ch. Phys. [3] i. 302.)— A 
product of the itetLon of ammonia on crude bittcr-almoiid oil. It forms small, shining, 
oblique prisms : is inodorous, nearly insoluble in alcohol, sliglitly soluble in ether. It 
is dissolved and decomposed by nitric, hydrochloric, or sulphuric acid. It solidifies 
after fusion, into a non-crystallme transparent mass. F. T. C. 

AZOBBirZOZXiXBZI. C*^H'>N. (Laurent, Ann. Ch. Phys. [3] i. 304; xviit. 
272.)rr-A product of the action of ammonia on pure bitter-almond oil. The oil was 
shaken up with potash and chloride of iron, distilled, and the first J which passed over 
was covered with an equal volume of ammonia. Crystals were gradually deposited, 
and in three weeks the oil.was half solidified. The mass, when extracted with ether, 
left a residue of azobenzoilide. 

2(C"H*0) + NH» - + 2H“0. 

It fonAs a microscopic crystalline powder, inodorous, insoluble in alcobo^ ve^ slightly 
soluble in ether. It is decomposed by prolonged fusion. Hot nitric acid dissolves 
apparently without decomposition ; hot sulphuric acid dissolves it, forming a yellow 
BoitttioD, in which ammonia produces a white precipitate. F. T. 0, 

JkMBBBZOn. (Laurent, Ann. Ch. Phys. [2] Ixvi. 186.}— A 

product of the action of ammonia on esude bitter-almond oil. when the yellow resinous 
mass obtained by leaving the oil for four weeks in contact with unequal volume of amii^ 
nia, is treated with boiling ether, a mixture of asobenzoyland benzoylazotide is left undtf* 
aolvsd : the former is dissolved- out boiling alcohol, and purified by reczystalllsatibiU., 
It focq||| a white, shining, cuystaUine^ indorous powder, composed of uregular six-s^dsd' 
lijliipS^msdluble in water, not veiy soluble in boiling alcohoL After fusion, it cools to. a 
ifr^^parent mass ; it is decompose by a strong heat, leaving a residue of carbon. 

* Tbs hatllsg potnt of atobensm l« commonlr tuted, on MUncherllcb's siithori^, lo be ISS^tPr 

dsubUMi flraw s mItpHut In the ortglnsl meiiioir. 
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and on treating the product with boiling ether, a white mystalliue powdev 



of azdbemoyU i 

placed. Ffc T, 0* 

ASOSnrXOnM RnaZOB OV. Syn. with HYDBOBBNZjLHinB 

AXOCmTAARX^ STZI&ZOB 01”« See OiNNA.MYr.. 


AXOOOBSZarS. An organic base which Anderson obtained by the action of 
sulphide of ammonium on nitrocodeine. (See Codeinb.) 

AX01>Zl*inm« 0melin*B name for Azobbnzidb. 

AXOnmBUir. See Orcein. 

A. XOBBZO JXOZl>. Syn. with (Enanthyuc Acid. 

B. X03bXTB07BXSiZ0 JLOZD. See Lithofellio Acid. 

AXOXiZTlIClir. Sec Litmus. 

AXOKAUO iXCZB. See Fimaric Acid. 


AXOVHBWTlkikMZXrB of Zinin. A product of the decomposition of nitro- 
plienylamine by sulphide of ammonium. (See Phentlamixs.) 

AXOBBBamULXKZSflril of Gottlieb, more correctly Amy famine. A 

product of the decomposition of dinitrophenylamme by sulphide of ammonium. (See 
Phentlaminb.) 

iLXOltZTIL- A mineral occurring in the trachytic rock of the Azore Islands, in 
bmiill greenish or yellowish white pyramids. According to Hayes, it consists for the 
most part of tantalate of calcium. 


JLXOSUXPHZXm OT BBfZXBira. Syn. with Hydride of Sulphazo-bbnzoyi. 
or Tuiobenzaldin. (See Benzoyl-hydride, decompositions by sulphide of ammonium.) 

JLXOTB. (a privative and fwh life.) — Lavoisier’s name for nitrogeiv 
iiXOTAZr. A name, not much used, for chlorido of nitrogen. 

AXOXXBBa* Syn. of Hjtridbs. 

AXOBi'Z'BBB’XBBr& i Azoxyhensol, C^^H'0N^O. (Zinin, J. pr. 
Chem. xxxvi. 96 ; Ivii. 173 ; 'further, Ann. Ch. Pharm. cxiv, 217; Laurent and 
Gerliardt, Coinpt. chim. 1849, 417.) — Wlien to a solution of 1 pt. nitrobenzene in 
10 voIh. absolute alcohol. 1 pt. powdered potash is added, the whole becomes brown, and 
is lieatcd to boiling. Tlic mixture is shaken up and kept boiling for some minutes : on 
cooling it sometimes deposits brown ciystals. The mother-lic^uor is decanted, and 
distilled till it forms two layers. The upper is a brown oily hquid, which, after de- 
cantation and washing with water, solidifies into a mass of brown needles ; the lower 
contains aqueous potash, carbonate of potaasium, and a brown potassic salt, almost in- 
solublo in alcoliof. The crystals are dried with filter-paper, and recryst^lised from 
alcohol or ether : they are easily decolorised by passing chlorine through their alcoholic 
solution. 2 ptfl. nitrobenzene yield 1 J pt, azoxybenzene. ^ 

Thus obtained, azox^'beiizene forms j^ellow, shining, four-sided needles, often an inch 
long, as hard as sugar, without smell or taste, insoluble in water, hydrochloric; or dilute 
sulphuric acid, potash, or ammonia, n^adily soluble in ulcoTiol, still more so in ether. 
xnelts at 36^ C., and solidifies on cooling to a crystalline mass : it is decomposed by dipr 
distillation, yielding aniline and azobenzene, and leaving a residue of cajrbon... ItM 
not attacked by chlorine : bromine attacks it, forming a yellow componndt Tiry siU^tly 
soluble in alcohoL Strong sulphuric acid dissolves it, forming apparenUy u 
acid. Sulphide of ammomnm and sulphurous acid convert it into azobendoie. ^ 
fSitrazoxyhenecne, 0**H*(K0*)N*0. — Azoxyliens^ne is not attacked 1^ mute 
nitric acid, but when gently heated with nitric acid of specific gravity l'4d, it &hh4v 6S, 
with great evolution of heat, and the liquid, if carefiiUy cooled, solidifies afbw a whilst to • 
a thick pulp^ oonsisting of two isomeric nitro-compounds, nitrazoxybenseni^ and 
isonitrazozybenzene, which may be separated by their dififorent solubilugr in 
alcohoL If the pulp just mentioned be thrown on a filter, washed with water, treated 
three or four times with s quantity of boiling alcohol not auflldent to dissobre the 
whole (not more than 4 pts. alcohol to 1 pt. azoxybenzene), and the decanted liqnofi 
loft to cool, crystals of nitrasngrbenzene are first deposited ; and alter a wbi^ aliini^ 
needles make their appearance in the midst of them. If the liquid be tb^fiUjpHi, 
and part of the alcohol distilled ofiT, isonitrazozybenzene separates on cooling, 
form nf an oil, which quickly solidifies in a cxystalline mass ; it may be paiinea,^ 
two or three ciystaliisations from small quantities of very strong alcohoL ^ < 
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Nitragoxyhenetne is a, yellowish dystalline body, 4igb:tljr soluble 
or ether. It is promptly attacked byjxuling alcoholic potash/ asd colour^ brown ; 
on adding water, a yellowifl]^*red powder is precipitated, which may be carstallised 
from boiling oil of tuipentine. This compound appears to contain C**H*lTO (Lan. 
rent and Gerhardt). If the action of alcoholic potash be prolonged the mixture 
becom^es blue ; the colour is destroyed by water. An alcoholic solution of sulphydrata 
of ammonium converts nitrazoxybenzene, with separation of 3 at. sulphur^ into a crys- 
tallisable base, which dissolves readily in alcohol and in benzene, and forms salts with 
acids. 

Isonitraeoxyhensfene forms ciystals very much like those of nitrazoxybenzene, but 
easily soluble in alcohol. It dissolves also in a large quantity of ether, and in benzene, 
and often crystallises from' these liquids in fine rliomboidal prisms. It melts at 49° 0. 
but does not volatilise without decomposition. When 1 pt. of this substance is treated 
with a solution of 1 pt. of potash in 8 pts. of alcohol, it melts and dissolves with 
ebullition, giving off the odour which is evolved on treating nitrobenzene with acholic 
potash. On boiling the liquid, a resinous mass separates, which yields by dis^^tion 
an orange-coloured product, which crystallises from alcohol, and resemhlea nitro- 
phenylamine. At the same time, an oily body is formed, not possessing basic properties, 
and chiircoal remains behind. 

Isonitrazoxy benzene treated with alcoholic sulphydrate of ammonium, yields U body 
liaving the composition C'*H®N*0 ; 

C’®H»(N0®)N*0 + 2H®S = C'«H®N®0 + 2H20 S* 

This body is insoluble in water, veiy soluble in alcohol, ether, benzene, and rock-oil, 
soluble also in acids ; but does not form definite salts. It melts at 85° C. to a yellow 
liquid, which solidifies on cooling, provided the temperatnre has not been raised too 
high. If a strong heat be^ applied, a brown liquid distils over, soluble in alcohol, 
though less so than the original substance. F. T..C. 


iLZOXTBZFlTMTB. Gmelin's name for Azoxtbenzbne. 

JLZVXilICZC JRLCZ1>« A brown substance produced by thp spontaneous decompo- 
sition of cyanogen and hydrocyanic acid. — ^An aqueous or tu'dilute alcoholic solution of 
cyanogen or aqueous hydrocyanic acid, when left to itiirff- fqr Homo time, especially niter 
addition of ammonia or potash, acquires a brown colour gniulaally deposits brown 
flakes, consisting of azulinic acid. The solution epntains azulmate of potassium or 
ammonium, from which the acid may be precipitated by the stronger acids. The 
same product is obtained by passing cyanogen gas into aqueous ammonia or alcoholic 
potash. — -Kespocting the composition of this substance, statements vary greatly; ac- 
cording to Pelouzeand Itichardson (Ann. Ch. Pharm. xxvi. 63), it is 
tJiat is to say, 4 at. cyanogen + 2H’0 : but it is doubtful whether any of the analyses 
have been made upon a pure definite compound. The acid yields by dry distillation 
nydrocyanic acid, ammonia, and water, and leaves a residue of charcoal containing 
nitrogen. (For a full account of all the modes of preparation, properties, and reactions 
of azulmic acid, see Gmelin’s Handbook, xi. 375.) 


AXlTM-ZI&inB. Sec Smalt. 
AZtnUB-STOZBTB 
AKVUICTS 


See Lazuutjs. 


B 

^ BdflLBZXB’Q'TOltihpB. A mineral consisting princmally of silicate of iron and cal* 
cium, found near Arendal in Norway, in the Shetland Isles, at Qtiuvemeur in St. Haw- 
rence County, New York, and at Athol in Massachusetts. It forms short, nearly right 
angle# rhomboi^l prisms, of the triclinic system, with truncated edges and obtusely 
levelled snznmits. Fracture imperfectly conchoidaL Colour dark greenish-black, 
nitlt vitreous lus^. Opaque in the ma.ss, translucent in thin splinters. Hardness 
io 6*0. Specific gravity 3*4 to 3^. Brittle, producing a greenish-^^ stieak. 
Jdtdt# easily with intumescence belbre the blowpipe, forming a brownish-blacx shining 
globule, attwtetf by the magnet It is slowly decomposed by Imiling hydrodiloiio 
'The mineral has been analysed Arppe (Beiz. Jahresh. xzii. 20\ and 
:jrhomaon (Phit Mag. [3j xxvii. 123), but its formula has not yet been 



MgO 

OaO 

PeO MnO A1H>» 

54^ 

2*2 

19*6 

21*3 1*8 0*3 

- 47*5 

2*2 

14*7 

16*8 10*2 6*5 

mtiMtin or m 

rBB-in 

■B. The commercial ; 


I.OSS }jf 

Ignition. 

00 - 
1*2 * 


100*5 (Arppe) 

09*1 (Thomson) 
the fruits of seTccnl 



B^L A& — balance. m 

gMiPB ot acacia* Tke fftmeiptil vaneH ffte.East ludiali Imbldi, from the Acacia 
UctiM<ih {Roxhurgh\ and Senegal and Egyptian hahlah, from Acacia nilotiva 
(Dc^ik). The pericjttj) of these fruits contains a darfc brown astringent juice« The 
aqueous extract contains, acoordlnp^ to CheTreul (Le-^ons de Chimie la 

Teinturft ii. 211), gallic and tannic acids, a red colouring matter, and a nitrogenoiui 
f^ubstance, besides other substances not yet examined. East Indian bablah yiSds to 
boiling water 49 per cent, of soluble matter; Senegal bablah 67 per cent. ; ncver^e- 
less, according to Gluibourt, the East Indian variety is richer in twnic and gallic acid, 
find’ therefore more valuable. Bablah is used in calico*priuting in combination with 
alumina and iron mordants, to produce various shades of fawn-colour, ^he tint pro- 
duced by the seeds is different from that obtained with the husks ; the seeds are said, 
to contain a red cOloiming matter, and to be used in Egypt and India for dyeing 
morocco. (BEandw. d. Chem. Aufl. ii. 603.) 

BAainb-omc or CMUro-SJLamLp an inferior sort of gum arable, from the 
babul tree, Acacia Arabica (Willd.) growing in Bengal. 

BABV&OinULBr QVAJtTZ. This name is given to peculiar mK>u|)8 of quartz- 
cry stuis,|^mposed of thin cr^talline plates, disposed one above the other like t^races. 
It is fouM at Beerlston in Devonshire. 

BfbMtATZOiriTa. See Obthitb. 

or BAZ3BRZTB. A variety of niobite found at Bodenmais in 
Bavaria and at Limoges in France. 

BAZXAZiZTB. A green modification of diopside. 

BABABTCB. Chemistry being concerned with the relative masses or quantities 
of the elements which compose all known substances, and the weight or force of 
gravitation of a body being the only practicable measure of its mass or quantity 
of matter, the balance, which shows the equality of two weights, and may hence 
determine the ra^o of all commensurable weights, is the chemist's most important 
instrument. 


> .«r 



Tneoretically speaking, the balance consists of^ a lever or- inflexible itndghi liiPft- 
turning with perfect fre^om on its central point. A wemht is ap^^ tp each aftUr'wna , 
point, and the fierce of gravity acting jperpendicularlv downwaro^ if eithcv cf thcill- . 
^eights be in the least <&gree greater than the other, it will prevail and oaoie the lCMr 
*o Kvolve in its own direction. The eqnilibrinm of the lever or balance^ afiheds^^fe 
e»^ired criterion of perfect equality of weight; and an arbitraa^ weight being ^ 

a standard, we can arrive, iheoretica% speaking, at anrof its midtiples W 
Ttiultiples by successive duplication and bisection combined with addi ti on and wo- 
tractioi^ and a peffret measiite of all wei^^ts from the greatest to the least may thus 
he attained. The results ci^ coume are not absolute weights, as we say in conmioa ^ 
fcpeech, but ratioa of imzbia w to the standard unit-weight - ^ 

Pnu^ieaUy, howOiliFSie biihtiice consists of a metal beam with two almost aqtw 
VcL.1, II 




and similar arras, suspended near its centre of grtirity on a tira veMte to lia 
compared being alao suspended &om two pivota at nearly equal distances fiom th 
centre pivot In the balance thus constructed we have by no means the simple and 
p^ect comparison of two weights supposed in theoiy ; the weight of the beam the 
friction of the pivots, their unequal distances &om the middle one^ the resistance of 
the air, and possibly other causes, introduce small extraneous forces, which render the 
comparison required more or less uncertain and erroneous. 

Tub Cuebcicai. Ealance, is adapted for the ordinaiy operations of quantitatire 
analysis, and is usually capable of weighing any quantity less than 100 grammes or 
1600 grains. In its most perfect form (see 78) it consists of a perforated brass 
beam, cast in a single piece, combining great strength and perfect inflexibility with 
comparatively small weight It is suspended at the centre on a knite-edge of agate 
about an inch long, and turns on a single polished plane of agate ^ed on a projecting 
brass support, which enters a perforation of the beam, and does not impede its my 
tiou. The agate knife-edge is flrmly embedded in a wedge-shaped piece of brass, and 
being once a<5usted exactly at righ^angles to the plane of the beam, is then permanently 
fixed. At each end of the beam is a smaller agate prism (see jfy. 79), with the edge 

uppermost, fixed in a brass setting, which 

is capable of a little lateral movement, but 

slides upon a brass j^lane, in such a man- 
ner that the two extreme edg^ and the 
centre edge are all apprecid;>1|' in one 
plane, as may be seen by looking along 
them. The extreme edges may ^ moved 
J to or from the centre, edge by little ad- 
justing screws, and fixed in the desired 
position with the assistance of two clamp- 
ing Hci*ews. 

Upon these extreme edges (f. s. knife- 
edges) are balanced two agate planes, front 
which, by the bent wire and a series of hooks 
and light wires, the pans are suspended. 

Except, however, when a weighing is actually being made, the agate planes and 
edges are never in contact, but the beam and pun suspensions are borne by a frame or 
movement, having in the centre two Y’s {fig. 78) which catch projecting pins close to 
the cMitre edge, an^ lift the’ beam about ^ of an inch off the plane, while steel points 
(akown in dotted outline iu^. 79.) entering hollows in the lower surface of the pan- 
suspensions, likewise raise these planes off the edges, and retain them in the exact 
positions proper for a new experiment. The movement of the brass frame is governed 
by a rod descending through the pillar of the balance and resting on a simple eccentric, 
by the turning of which it is gradually raised or lowered. In tlie best balances too, a 
second eccentric, by means of two bent levers, raises supports beneath the pans of the 
balance, and either holds these safely while weights are being placed in them, or 
checks their oscillations preparatory to the release of the beam. The two eccentrics are 
so accosted that on turning the handle, the pan supports are first rapidly dropped; 
.tk® beam is then very gently lowered on to the centre piano ; and lastly the pan- 
euspensions are in the most delicate manner left free upon the extreme edges, the 
beam being perfectly liorizontal and undisturbed, so as not to show the slightest prepon- 
derance one wc^ or another. Much of the excellence of a balance, as it is employed 
in chemistry, depends upon these several movements being smoothly performed and 
the parts being released without the least stickiness ; otherwise the beam is thrown 
into oscillation^nd the true approach to equilibrium cannot be readily obsenred. 

Most of the weight of the beam and frame is tmually home by a spiral spring m the 
interior of the column. An index moving over an ivory scale one inch long, divided 
into twenty parts, indicates the movement of the beam. The index should, of course 
point exactly to the centre division, both before the beam is raised and when it is free 
and unload^ The balance is enclosed in a glass case, with convenient windows, not 
shown in the figure ; but when a veiy bulky object has to be weighed, the finger* 
•erewa at the base oS the column (fig, 78) are to be loosened ; the column and beam 
may th^ be tamed through about 60°, so that the scales extend withont tim casa 
tCW spint-levels, or a dxcular level, and levelling screws, am attaclied by whicii the 
whole instrument must beai^justed to horisontality. Abovn^the centra of the bsMi 
is a small weight, which we may call the gravitg-Mi, being aciwsd 

or down, regulates the stabHity of the balance, whilo«f tumsd to W 

right eat the left adjusts the bsm to equilibrium, (a f||e figiim too w^ be 
OTrangement of rods, by whi^a small rider weight jpmy 
it^ beam, the balanoo case Teinaioing dosed. 


ahy fast rf' 


-Th. ibow dewaibed i* by pertUag, «rf Buhopsgyte Stte«t.Iii>ii^ who like- 

^ bahmee u> sewn different THoetie* moM otUm elahomte. 



Th« lunrert of tbeee, with a IS-inch beam, able to bear tm poMds in ^ pan. and 
J^erSn ia a remarkably line inetrument The German baUnw made 
Tv Sw oPIwuS Standinger o/oieeaen. SteinheU of Munich, .and .rthera..a» 
eitremclv lelicate and well made inatrumenta Deleuil of Parw eiyoya hlu % juat 
SSly f«h“ chemical balancea. M. 3taa. in hia late leaearchea upon the atomio 


Fiff, 83. 


i^. 84. 



CCJeunt-jr *ve* — 

wftiglite, employed a balance 
by (fambey, which turned to 
half a mihgrarame when laden 
with a hitegramme ; also one 
by SaciS of Brussels, cany- 
ing two or three kilogramme 
aud turning with 0*3. milli- 
granime. Fiff» 83 shows the 
torminal suspension of a de- 
licate balance by Fortin of 
Paris, capable of indicating 
one pan in a million, while 
/iy. 84 is from a Oeiman ba- 

*“thb Assay. BiiiAHCK is specially rted S!m 

accuracy and rapidly. The French assay balances consist of a very light 
m“unU “the Lnner of a pair of scales with hook pan suspens^ns. yet tb«b;|«^ 

'"oc'rtiS.nLt^cts the as«.y brfance in flve forms, of 7^^*“ 
employed has an 8-inch plain brass beam with a centee 

suspensions, adjustable by a small screw, as shovm m _ 

l.oaVmore than two graihmes in each pan, and wiU perhaps indicate the * part of * 

“&erkiud ha. mi 8-inch perforated beam, ^th 
and in feet all the elaborsite movements and 

aliove described, on a small scale. It will bew 10 or 16 gramm pa®i J 

indicate surely and about of a milhgromme. 

Lastly, wc may mMtiw the lO-inch asMT batoce, a v^ ^2. KS' 
beam. A figure and a short description of this ^ g. gg ^ 

Gou>A8aAT:but thetarminal mispensmns are shown h^ m 81 Md ^ 
formed of two smsU screws, bearing sharp pmnfe of ruby, onewl^M^ W«* 
hoUow, the other into a litUe channel in a steel cross-piece, from which thBpm 

T“J:Lttothe lastbdanc.itmgb. *^0*^?* 

on the principles of the chemical balance with a ^ nave af tbs 

2000 ounces ii each pan, and yet turn with half »pMO, ortto <”*7™ ^ 

lo«l. They^r® employed in the 

W'cighing bullion^ but might be ttseftil in some scientific invssnga ^ ^>*7 

Beports on the Gteat Exhibition of 1851 (p. 268). mntJnniiftAA Those bv 

It is of little use to describe forms of the baUiKse which ^ 

Kobinson, by Bamsden, and his snecaMor» Bei ge, y d , 

of two hoUow hmsB opnes joined ^ the base with n^y a 

I'ttle ^>lisiw» (rfkSilWe liiiiiaHad by8tsii*.ilj 
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Tub ADJUsntMHT or nre Bsjui tp the doe degree 
has to he entire!/ performed by repeated trid-weigbiage; ead xeqauea thep^S 
pkiU. 

Firstly, if the three edges of suspension are not already in one plane, but admit nf 
'adjustment, us is sometimes tlie case, proceed as follows: — Without weights in 
the pans poise the beam, and then raise or lower the M until the vibrations are ren^ 
dered very slow ; now put weights into the pans equal to about half greatest load 
the balance is to carry, so that the beam may be poised again ; if it now vibrates 
slowly as before, it proves the adjustment to be perfect ; but in case it either over< 
sets or vibrates too quickly, restore it to slow motion by the adjusting weight or 
gravity~ho\ as we may call it, noting the number of turns of the screw and parts of a 
turn which were required to produce slow motion ; now turn the screw the contrary way 
through double the noted quantity, and then produce the required slow motion by the 
.proper adjustment at the end of the beam. Bepeat the operation till the adjustment 
IS perfect. ^ ^ 

Secondly, to adjust the edges of suspension to equal distances ; poise the beam vrith 
weights as in the last case, and then change the pans and suspensions from one side to 
the other. If equilibrium still holds, the adjustment is perfect ; if not, take as much 
hair or wire as when put into the apparently lighter scalis, will restore the balance ; 
take away half of it, and poise the beam by the proper adjnstment at the left end, 
which completes the process. Instead of placing any weights in the pans,, all the 
poising may be conveniently done by a rider- weight on the beami^ ajid in the last 
operation it be removed half way towards the centre of the bea]]|. The adjust- 
ment of the ed^s to perfect parallelism is of course indispensable f we Only presume 
that it is done by placing narrow planes or hooks on different parts of the e^es and 
moving these until the apparent weight is the same on whatever the weight 
bears. ' 

A good balance in perfect adjustment should bear most of the fblk>vf»g tests ; 
^'Without weights, of course, it should remain with the index at sero, ^6r make equal 
slow cxcursioim on either side. The pans being removed, the beam alone s^buld be in 
equilibrium, arid oscillate probably much more quickly. If there be nothing in the ct”*!!- 
^ structibn of the balance to hinder it, the beam should be turned round from left to right 
and should act as before ; this test is a severe one, generally disclosing as it does 
some defect in the* work of the middle knife-edge and the planes on w^ich it rests. 
Jf the pans and suspensions have been sepamtcly adjusted to equality, which is 
adi^tageous, although not quite necessaiy, equilibrium should hold when the pans 
; Buspen^^ are variously changed in both positions of the beam. Itastly, tho 
' pahs being and equally loaded, the w'eights should bo changed firom pan to pan, 
und^^uilibriUm yet bold, proving tJie lengths of the arms to be fSly equal. 

“ A £^H>d. biUanco^ too, may be known by its giving the weight of an object, the same or 
so/ When weighed several times successively. There sre few balances that will 
do thin with certainty to the last mlqate fractions wliich Uiey are capable of in- 
dicating. 

’VhaauTa . — The results required by the chemist in analyses being merely comparatiT# 
or' proportional, the choice of a unit wei|^t is a matter pf indifference, provided 
that it be not varied during the progress of an ienperimOnt But it is most con- 
venient to adopt weights connect^ vrith some national standard, so that ahsoluts 
Tireighings may if necessaiy be recorded. Grain, weights are still sometimes used by 
’ English chemists, but most men of science of all nations a^ear by a kind of tacit 
agreement to have adopted the French standard weighty the granme, with its uniform 
wmee of decimal multiples and snhmultiples ; and we therefore strongly reomnmend 
its exclusive employment by eveij soMtifle oheptnist. 

A complete set of weights extends ^m the smaUest that the balance will indieato 
up to the greatest that it will 'bear, and the eyries usually supplied with a halimce ia 
aa follows : — 


*001 graminh *01 gramme : *l griuniae 1*0 'gramme lOi# gntoimea 
*001 „ *01 „ f*0 M 10*0 H 

•001 „ -02 „ -2 * i-0 „ , SO* „ i 

■002 n ie -oa „ f * ^ „ . oo-tf „ 

■•cofi - «#: 7 4 — •” 2 ' 

• the whole maldii^ up just 101 grams:^^ wehe iiw mpsl convam^n^ is 

little yrpi^ ltrads, which xnaypither be balacnoe case 

the foro^ to iptoaiate box. ^w"pa8a oov^'alro lies 
upwardii l^ 

toNblM ireip!d^beto#ataieped <m e£eh 


*01 

» ^1 


to 

•02 

« -2 


i -0 

•05 

» 

^ n *• 




^10 



lOi# Minmea 

10*0 H 
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Rre sometinMM made of palladium or aluminium ; but the latter metal ia rather too soft 
for the purpose, and is apt to wear away. 

An admirable impi-ovement in the modem balance consists in its partial employment 
oil the principle of the steel-yard, as far as reuards the estimation of the last minute 
fractions. A small r/dcr, or hanging weight of thin gold (or brass) wire, is placed upon 
t he upper edge of the beam either by the forceps, or more conveniently without opening 
the case, by a brass sliding rod and a little arm (see fig, 78), on either side of the beam. 
Now the weight which this rider exerts towards turning the beam is such a ftiotion of 
its whole weight in the pan, as its distance from the centre of the beam is of the distance 
of the pan-suspension from the centre. The rider commonly weighs *01 gramme, and 
each arm of the beam is graduated into twenty parts ; but the fifth part of these 
divisions may easily be guessed, so that the fractional weight may realiy be read off to 
the part of the rider weight, or *0001 gramme. This simple contrivance, compared 
witli the use of minute weights in the pans, presents the following advanta^s. 

1. Saving of mueb time and trouble. 2. Greater accuracy, small weights being 
liable to collect dirt, or to be rubbed or injurod. 8. Minute estimation of weights to 
any required degree. 4. Diminished chance of error in reading off the weight. With 
numerous small weights errors are certain frequently to occur. 

The scries of ^rai n weights 1, 2, 8, 4, 10, 20, 80, 40, &c. is not uncommonly em- 
ployed, and is qmte as convenient as the series 1, l,^, d, 10, &c. As a curious feet, it 
may be mention^ that the series of powers of 3, vis. 1, 8, 9, 27, 81, affords the gfeatest 
number of combinations to a given number of weights. Thus twelve si^ weigh to give 
by addition or any integral ntunber from 1 to 265,720, whihAl weights of 

the series, 1, 1, 2,, A, do not reach 200,000. 

Weights wh^ us^ in a laboratoi^ must almost always become too light by wear, or 
more commonly too heavy by corrosion of the brass. Wero the error always propor- 
tional to tho. jnze of the weighty all error would be eliminated in any comparative 
result. But this is not usuaUy the case, since the moss increases as tne cube, while 
the surface increases as the square of the diameter. Hence the small weights will be 
•more erroneous in proportion than the large. Weights should never be Jubbed, and if 
d usty, should be -wiped with a silk handkerchief or a camel*8-hair brush. $mallpfe^j9i 
weights may be cleaned if necessoiy, by momentary exposure to the flame of a spirit^ * 
lamp. One set of weights should, if possible, be carefully preseived beyond the in- " 
tlucnce of fuiues, and should not bo touched but by ivoiy-pomted forceps. 
commonly used should occasionally be tested a^inst these, to see whether their emfS 
be disproportionate ; or weights may less satisfectorily be tested 
An experienced weigher -will never trust even the best balance mSsCSjii fe thcl^ 
curacy of his weights, but will always test them against each other in Alms wayi^ oil 
flrst receiving them. Many conclusions, observes Faraday, tending to subvert 
important chemical truths, might be quoted as having arisen solely from .arixuw' iju 
weights and balances. - 


In assaying (see Goij> Assay), a special unit and set df ^weights is eudcptHbd to suit 
the weighings required ; the same m^ht be advantageously dona in any laige set of 
analyses or experiments. . m ^ 

Much time will on the whede be savud in weighing, if the weights ^ taken Ufe- 
ihodically in fheir propflir order, fl. 2^1, 1, except, of course, the slow motion 
the balance indicate that only a small weight more should be added. For if an imkdpwit 
weight exceed 10 but fell short of 20, jt u an even chance that it be above or below 
BO that if the weights 2, 1, 1, be used aitse the 10, it is as likdy as nd that the 
wither will lose hislroublei and have to resprt to the weight 5. this'iespec^ the 
scries of weights (avoirdupois) 16, 8, 4, 2, 1, fee. is obviously the most advaotc^^Kmi. 

When equilibrium is nearly attamed, the 4ii^rt>wcigher will notim the raphBiy 
with which the index of the beam traverses the gre, oi? the extent of the osriilatloiU'£( 
it be less than the wltole arc, and comparvig Giis with the load in the pans, and 
hU previous expm^nce of the same Wshoe^ will closely estimate the alterutloUlbjp 
weight requiie^ thus savefeitf the. time and trouble which ttti adjustment irott^ 
otherwise have' oeS||pisd. will ufteturiwds be shown that the bMBations of a gqod 

balam may give aimu drimuinatidi^ minute fhmtionidweighto. ^ 

We cannot teoetmibr intpma the danger oC J||w^ Ip readiim 

off the weights in tbepUii of dteayr is gpeat€».!lH with 


■”>4 uhI 

vui^s n^be with the ViSbmes in the 1 


• is gppeatse ^ than with 
iicirthe nseofwller woMt. Jn 
.toksnont and aviitogUd ui ordei^; 
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ibuud an instance in which vibrations are need with great convenience in estimating 
the last fractions of weights. ^ ^ 

The casual sources of mistake are too many to mention. Not unfi^nently a rider 
may remain unnoticed on some part of the beam, and vitiate several weighings. T^eu 
a bulky or flexible object is being weighed, some part is very likely to come in contact 
with the balance case. We have even known a scrupulously exact gold-assayer led 
into serious mistakes by a small fly, which settled on his balance, unobserved at the 
time. 

An object heated many degrees above the temperature of the air, cannot be accurately 
weighed ; for it is surrounded by ascending currents of air, which cause its apparent 
weight to vary every moment, and it is very likely to heat and expand unequally the 
•rms of the beam above. Special modes of weighing hygroscopic substances, liquids, 
powders, gases, &c., must be adopted according to tiie natiire of the case ; the chemist 
must generally depend for these on his own ingenuity, but will find many valuable 
directions in Faraday’s Chemical Manipulation, section II., also in GhreviUe Williams’s 
s Chemical Manipulation. 

If we have to coinpjiro the weights of any two objects, A and B, which are held or 
accompanied by otlier objects, X and Y, the weights of the latter may be perfectly 
eliminated if each of A and B be weighed as often in X as in Y, and the mean result 
taken. ^ • 

We wiH make the following suggestions for the care of a balance. 

1. It should never be moved, & possible, from its appointed place ; for this would 
not only disturb its ac^ustment to horizontality, but the swinging and shaking of the 
pans and beam would be likely to injure or slightly alter the condition of the balance. 
The operator too will never weigh so well as in a place, and with a light to which 
he is accustomed. 

2. The balance should not be cleaned or altered often or hastily. A good detoing^ 
once every three months, for instance, is enough, if the balance case be kept well 
closed. An hour or sometimes two or three, may well be spent in the operation of 
cleaning. All the loose parts should be carefully taken out and dusted ; the move-, 
ments cleaned and fresh oiled ; the suspensions polished with a piece of soft leather. 
Then ail the parts are to be put together again, and brought to elaborate adjustment, 
which with careful usage will be maintained for some months. 

8. The chemist should bo perfectly acquainted with the capacity, the general 
character, and also the particular condition, at any moment, of each of his balanct^. 

4. Before every weighing, or set of weighings, he should try whether the unloaded 
balance is in. perfect equilibrium; if not, he may brash the pans or beam with a 
> camel’s hair brush, to remove dust, or if he dust the preponderating side only, it will 
often restore equilibrium. He should not touch the little reflating vane, or alter any 
jrart of the balancp, without being satisfied that some special cause for it has arisen. 
The one great essential of accuracy is perfect uniformity in everything but the thing 
to be measured, and no one can have fiuth in a measuring instrument which is always 
chan^ng. 

6 , It IS almost needless to say that a balance, especially one with steel knife-edges, 
must be kept beyond reach of ^ acid fumes or damp. A small vessel of quick hme 
or chloride of calcium should be in the balance case, and this should be kept constantly 
dose A 

All weighing out of reagents, where u grain more or less is not material, should 
be made with common apothecaries' scales on the laboratory table. 

A balance should be placed in a good light, falling if possible over the right shoulder 
of the operator. But it may also with advantage be placed before a v tndow, provided 
that a purple silk shade be used. The purple light thus thrown behind the balance is 
. subdued, agreeable, and complementary to the yellow of the brass. As a. general rule, 
the object to be weighed should always be placed in the left hand pan, which we may 
hence call the The other, will thus be conveniently opposite 

the right hand. In assaying, this arrangement is reversed. 

The number of balances required in a chemical laboratory may vary from ope to 
twenty, or more, according to toe size and purpose of the laboratory. For^the coa^ 
mon operations of quantitative analysis, the chemical balance first dasi^bed is 
alone necessaiy. A larger balance will, however, be almost indiapensiMe in water* 
^ analyses, and in many physico-chemical investigations, and 4dWaya: ^ 

Tiintapoiis by allowing the use of hum evaporating dishes and vessmau or tiki 
wmgliuig of n series of diyuig tubes, or otoer apparatus as a whefle. But a labo wit^ 
is not compiete without an assay balance, which will perfinm all light wei^^iuiga wk 
an aoouru^ imposaible in a large balance. 

When ^ employment for balaneet is Tmy extensive, it will be bupf , 
not io mu^'by umreastng the number of belances as by daeiM^^ring,to«tki, 



each its proper wnrh, And atriciljr adherii^ to rule* once Uid down. *Where there m 
two balances of the eame kind, it is obviously best to retain one lor the moire refined 
purposes^ and make the other perform all common work, and two balances thus need 
•niay^rve better than half a dozen indiscriminately worked and spoiled. 


MecKaniciU Theory of the Balance^ 

I’roperly to understand the action of a balance, it must be considered both staticaU^y 
and dynamically, that is to say, both when the beam is at rest and while it is in 
niotion ; for the oscillations of a good balance are almost as valuable an in^cati<m as 
its position at rest. 

First, however, to show the conditions of equilibrium, let 0 {fig, 86) be the central 
axis of suspension of a balance, and £E', the extreme axes of suspension not necee* 
sarily in the same straight line with O. Suppose equal weights, each «■ P', to act at 
E and E', including of course the 

whole weight of the burthen, pans, Fig, 86. 

and other objects suspended at the 
extreme axes. Then the whole 
weight 2P^ may be conceived as 
acting at 0\ the middle point of 
the line £E'. Assuming the axis O 
to be properly placed at equal dis- 
tances from £ and £", the Une OG* 
be perpendicular to EE', and 
the weight of the beam, say P, will 
act at its centre of gravity, which 
is, or should be, some point G, on 
this line or its prolongation. 

Lastly, let some small additional 
weight p act at E. The beam can 
not now remain horizontal, but may 
again rest in equilibrium in some 
position inclined at an angle, say 6, to the horizontal line NN*. Drawing B N, K N", 
G A,G* B, perpendicular to NN', we must have, according to the principle of the 
lever, the sum of the moments of the ibrees on one side equal to that on the 
other, or 



2P'. OB + P. OA « p . ON - p(BN-BO) 

Or, substituting in terms of 8, we have 

2P'.OG'.ew8 + P.OGeinfi - p . GT: . cos 8 - p. OG' . «n8 

<«n 8 - ^ - ^ - 

cos 8 (2P+p)OG'+ P.OG 


Now for small values, tan 8 varies very nearly as the angle of deviation 8, which angle 
may be regarded as .the true measure of the sensibility of the balance, and p being 
quite inconsiderable compared with 2P' and P, we may say that the eensibility is in* 
wemed by increasing the length of the beam, diminishing the weights of the ham and 
load, or diminishing the distances of G and G* from the axis 0, and also that the stnsh 
bility varies very nearly in the direct or inverse ratio of these chanaes. 

Again, the force tending to restore the beam to the horizontal position when dis- 
turbed is sin 8 (2P' . OO' ^ P , OG). This is the measure of the stability of a balance, 
a certain degree of which is required to render a balance useful. Now with given 
weights P and P', and for any given deviation 8, the force of stability will entirely 
depend upon the positions of G and G*, and the following are the cases which ari^. 

1. The extreme points of suspension EfT may be so placed that G' falls above O! 
The stability is rin 8 (P . OG— 2P'. OG'), which for a certain value of P' will be nothing^ 
so that the whole sj^em will be suspended at the centre of mravity, and the beam 
p«ng disturbed will have no tendency to retnm, but will rest m netUral equilibrium, 
m^fierenUy in any position. 

For a grater value of P\ the force will be negative, uid the equilibrium unstable, 
that IS to say, the beam when loaded beyond a certain degree vnU oserset, and per- 
sbA down on one side without a tendency to return, even when the wei^ta 
on the two atdea are not nneouaL A balance of such eonstraction then, could only be 
▼nights of a esrtaui smallness, and its sensibUity would inereaae ana its 
•tobOi to decrease srith ita load. 

^ It G fiiU above O and O' below, the stabtlity \astn$ (2P\ 00— P'. 00)^ sHbidi 
^ be nolAi^Ihr nosrtsiiiTaliM of P^imd negatiiwibr smaller vnlaen Thobtda^ 

f I 4 
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then -would be stable only, when P*, the load in the pans, is not lesg than a oertam 
magnitude/ 

3. If G coincide with 0 (OG « 0) and G' fall above 0, the balance ie always iui« 
stable and useless. 

4. If G coincide with O and G' fall below 0, the stability is 2P'. OG'. which 
depends entirely ujjon the weight placed in the pans. 

6. Now let G/ coincide with O, (OG* ■■ 0) the three points EOE' being in a straight 
line, but let G fall below O. The stability is sen 3 . P . OG, which for a given value of OG 

tp Q-R 

is constant Also tan $ =* - ^ which depends only on jb. In a balance of such 

construction, all weights ma^ be weighed indifierently and with equal accuracy, aud 
any reouired degree of sensibility may be obtained by duly regulating the length 
bi OG. 


6. Let G and G' coincide; then sin B . OG(2F + P) is the measure of stability, and 
is proportional to the weight to be moved. Also tan 9 =» — ^)OG 

inversely as the total weight moved. 

In aziy case of stable equilibrium, it will be easy to determine the position of the 


centre of gravity (say y) of the whole system from the formula Og 


’iaw^(2P*-f P+p) 


by observing the de-viation for several values of p, and for a given load P' in the pans. 
A different value will be found for for each different value of F, unless the balance 
be constructed in the sixth mode described above. In a sensitive balance 0^, will 
probably not exceed part of an inch. 

We may now consider the balance in the character of a compound pendulum, select- 
ing for this purpose the fifth mode of construction above described. Thus if G, the 
centre of gra-vity of the beam {fig* 86), be vertically under O, and the weights in the 



pans be equal, the system will be at rest. But now suppose a small additiopal weight 
p added at £ ; the centre of gravify is no longer at G but say at y, nearer to £ by a 
distance (G9')» such that 


JP 

P 


^ % 

** GE— G^ 


or Qtg 


p. GE 
P + p 


Since g is not vertically under O, the beam cannot remain at rest, but -will vibrate 
about the perpendicular line OG, and the point C of the index fixed to the beam will 
describe the arc CC', subtending the angle 20, 

The velocity of the beam is greatest, of course, when f is vertically under O, and 
being proportional, as proved in the theory of dynamic to the angle 6, is also 
nearly proportional to p. Hence when the deviation is small, ihs greatest vdociity wMek 
the beam attains ^nay he observed as an indication of p. 

As in any other pendulum, the length of time occupied in a vibration is almost the 
same whether the vibration be great or small, as may easily be observed to be the 
case. 

Fully to imderstand the motions of a beam, it would be necessary to determine its 
rniment of inertM round the axis, which is the sum of the moments of each partlc^ 
the moment of inertia being the mass of a particle mnltiplied by the square of iffi. 
distance from the axis. The velocity of the beam depends on the proportioii td Uif 
force of atabtlity or the force of disturbance, and the moment of ui«tia» wtueh lilM 
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lo arewome. Henea the fiwee of ata^ty done giTee a veiy imperfect idea of the 
motion of the beam, which ^ be slower the greater the weight in the pans, espe- 
cially if the force of stability itself be not increased, as in the sixth case, by increasing 
the weight in the pans. 

The mechanical problem of the balance is not so simple as may at first sight ap- 
pear, and has not, so far as we are aware, been properly considered dynamically. The 
problem of the compound pendulum, will be found best treated by Poisson (Traits 
de M^chanique, t. ii. c. i, § 3). Euler, in the Petersburg Commentaries (x. 3), appears 
lo hare shown the statical conditions of a balance. 

It will be apparent that, the length of the beam remaining constant, the projperties 
of stiitical sensibility and stability are reciprocal to each other. By increasing the 
length of the beam, indeed, the bafanco is said to be rendered both more sonsib]^ and 
etable. But in reality the weight of the beam must bo increased in a far greater pro- 
portion than its length, so that its motions will become much slower, to say nothing 
of the less eonveniense of a large instrument. 

The construction in which the three axes are in one straight line, is undoubtedly the 
most perfect, and is especially suitable if tlie vibrations are to bo used, os afterwards 
described, for the determination of fractional weights. But a balance in which the 
centre axis is slightly above the line of the extreme axes, will not become so much 
slower in its movements when heavily laden, and will yet indicate at least as small a 
fraction of its load when this is great, as when small. Hence such a balance will, we 
think, be suitable for most purposes. It is necessary however to bear in mind, that 
when the three points of suspension are not in one straight lino, equilibrium may 
subsist when the beam is not horizontal, and the v^Hgkts in the pans are unvqttal. For 
when the angle EON is greater than the angle E'ON', ON and ON' are unequal, and 
we may have equilibrium for P'. ON = P" . ON*, where P* and P" are unequal weights 
in the pans. 

The truth is, that a balance must be so adjusted in its length, strength, weight, 
and relative position of the centres of suspension and gravity, as to combine the exact 
degrees of sensibility, stability, or quickness, and capacity for bearing weights, which 
its spoeial employment r^uiros. In this adjustment, the chief skill of the balance 
maker consists. Diminution of weight of the beam is an unqualified advantage, as long 
as the strength is sufficient. Thus tho employment of aluminium in the construction of 
hiilances, will bo of great advantage when accomplished ; but an aluminium beam, 
which we have seen, was stated not to bo trustworthy in point of strength and in- 
fiexibilify. 

The impediment to the free motion of a beam, is usually stated vaguely to be tho 
fru tion at the knife edges. But although friction or adhesion may bo of some im- 
portance, the variation in the length of the arms has really a much greater efiTect. 
Thus, suppose, as is generally the case, that the knife-edges, instead of being perfectly 
sharp or round, terminate in very narrow planes {Jig, 87), of the width s. If the 


Fig. 87- 



distances between the middle points of the knife edjps be a, the real lengths of the two 
anns of the lever when the beam is not horizontal, will be « — x, and a •«- or, consequratiiy 
weights which have the ratio of a + jp, and a— x, may be apparently in equilibrium. 
In order then that a balance with a 20-inch beam may indicate the millionth part of 

iUloa4.womu.t.taiemo.th3.TeJig|g5-^« inch; within 

the same length too, the two arms of the beam must be a^just^ to equality if t£e 
balance is to be accurate within one millionth piurt of its load. Now this len^lu 
being inappreciable in a common microscope, will give some idea of the skill requirea 
m a hal^ce-maker. We aire thus prepared too for the statement of Prof, HiUsr 
(see reference bedow), that he not only detected a difference in the expansion of the arms 
of his balance by a change of temperature, owing to some difference in the quality of 
metal, hut that temperature afibeted -the sensibility of the instrument, whifdl 
J<**wmbled an over^-compensiUed periduluinf fixmi the difference of expansion of the steel 
knife edge and the brass in which it was fixed. 

The resistance of the air has but an inconsiderable cfilcct upon a balance. 
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Elthikation of EKnoRS,— Since erery halsmce howerer good^ t^xnree some di^finite 
weight to cause it to turn, a difference of this amount majr exist between any two 
weights which are apparently in equilibrium. Thus if a balance when loaded refuse 
to turn with anything less than ^ of a grain, it is an even chan^ that two weigJits 
which do not cause the balance to more, differ by ^ of a grain or more. In the 
common use of a balance, the turning-weight (scrupuium in Latin), will give the 
limit of accuracy of the weighings. Let this turning-weight be nx; then the baliiii<!« 
will turn when the weights or + Ax and x are in the pans. It will ^so probably turn 
- in the opposite direction when x— Ax is ^bstituted for x -4- Ax, because the balunce, 
unless a very bad one, will turn as easily one way as the other. Thus the mean of 
X + Ax and x— Ax, will be the true weight required, nearly freed.from the erroi||>f in< 
sensibility. This operation may he resorted to when a balance has become insoanble ])y 
age but 18 otherwise good, and may be very easily performed by the use of rider 
weight. But the delicacy of balances is generally ahead of what is requi^ of them. 
Any good balance should weigh with certainty to the ^ 6 ^ 56 ^ lW'4<Jad, Lnt 

there ore as yet few chemical operations which can pretend to sb ^ul^y of 

only other kind of error to which the determinations of a balance are essentially 
liable, is that caused by the inequality of the arms : for the extreme edges can never 
be adjusted at perfectly equal distances from the centre edge. This error is avoided 
entirely and without trouble, in the ordinary operations of the chemist, by taking care, 
during each analysis or series of experiments, to use, say the left pan invariably for 
the objects to be weighed, and the right pan for the weights. The apparent weights 
of all the objects are thus increased or diminished in precisely the same ratio, and 
the comparative results are therefore unaffected by the real falsity of the balance. 

Thus if a be the length of the arm bearing the weight-pan, and 6 the length of that 
bearing the object-pan, then objects of the true weights, x, y, x, &c. will appear to 

weigh — X, but the ratios — x : — y x are the same as x ; y : x, the ratios 

of the true weights. That this elimination of error may be perfect, it is obviously 
necessary that no weights be placed in the objcct-pan, as is sometimes done, for the 
puipose of making up a given weight in the easiest manner by subtraction. 

There are, howev(T, two well known methods for obtaining the true absolute weight 
of nn object, even by a false balance. The first, introduced by G-auss, proceeds by 
simply weighing the object alternately in one pan and the other. If the apparent 
weights are the same, they are each the true weight, or the balance is appreciably 
correct. If not, the geometric mean is the correct weight, and is found by multiplying 
the true apparent weights together, and talcing their square root. For if the true 

weight be x, and a, h be the lengths of the balance arms as before, x, and - x will 

be the apparent weights in the respective pans, and x » x . - x. Jtf the appa* 

b a 

rent weights be reiy nearly equal, their common arithmetic mean ^ 

quite close enough to the truth. Thus the arithmetic mean of 1*000 and 1*001 ts 
1*0005, and the geometric mean 1*0004998 ... . 

The second method for ascertaining absolute weights free from all error, is that 
known as the method of substitution^ ascribed by French writers to Borda, but pro- 
bably due to the F^re Amiot. If there be one weight C in the weight-pan, and other 
weights y, Z, &e. be in succession placed in the object-pan, and the baliuice is yet 

always in equilibrium, it is evident that AT » F « Z » <7. Thus we prove the 

perfect equality of AT, Y, Z, although each of these may differ in an unknown 
from C, owing to the inequality of b and a, the lengths of the balance-arms. 

To compare the weights of any two objects by this method, counterpoise the greater 
with the weight C, made up of shot, tin-foil, wire, or anv convenient substwoe. 
Then substitute the second object for the first, and observe how many small weights 
must be added to the pan to restore equilibrium with C, The oiily eixom which can 
affect such a result will be that of insensibility, and any error which may arise from 
a minute change of the edges of suspension during the substitution ; but these enroiv 
may be eliminated by taking the mean result of many such operations, a new ooimter- 
poise being ac^usted eSch time. 

But when important weighings have to be made with the most rigorous aceaxaej, iS 
in the comparison of standard weights, the method of vibrations must be resorted to. 
This being a process of pure observation, as distinguished . from one of a<yustiiiei|t. 



^anite of unlimited apjiroach to absolute exactness, just as the difbrenoo of two* 
standard yards may ascertomed to the fiat of an inch, although it would 
be impossible tojnj«^two yaM agree ^tmn ten times that quantity. 

Thepam ' /. w -.t «..ii 

pound (Ph 

terminations < _ ^ ^ _ 

be found in Kupffer’s work, “Travaiix de la Commission pour fixer lea Poids et 
Mesurcs de Kussie,” St. Petersburg, 1841. Prof. Miller’s mode of observing the os- 
cillations appears to be the most eligible, mis balance had a very light ivory scale, 
abou\half an inch long, divided into spaces of about inch, attaclud to the right 
end of the beam. This scale, ^ as it “moved, was viewed through a fixed compound 
microscApe, having a single homontal wire in the focus of the eye-piece. A still more 
delicate mode 6£ observation, is by a small mirror fixed to the beam, in which the 
reflection oC a divided scale is viewed through a fixed telescope, as in the instruments 
of a magnetical observatoiy. 

The weights to be compared being very nearly in equilibrium, the balance when 
released oscillates slowly through a very small ai*c, and the extreme points of ouch 
excursion are to bo observed. Supposing the readings thus observed to be K', R*. R*. R*. 
R* + 2R* + SR* + R^ 

Then g is the position of equilibrium of the beam : for, by the 

nature of the pendulum already considered, the excursions will be as far on one side as 
on the other. In this expression, R'^ and are doubled, because they are the end of 
one half vibration and the beginning of another. Prof. Miller usually rejected the 
first reading because it is apt to exhibit slight irregularities, and his result was derived 
R* + 2R* + R* 

from 2 • observation completed, a small known weight is added to 


the lighter of the weights compared, and the new position of equilibrium which the 
beam tends to take up, is observed by a now set of readings. Now the deviation from 
the horizontal position in a good balance being very nearly proportional to the weight 
causing it, we obviously learn from the angular difierence of tho two positions of the 
beam, the deviation corresponding to a given small weight. Hcnco we learn by 
the simplest calculation tho dilference of weight corresponding to the deviation in the 
first observation. 

Tho method of weighing by reversal was found more convenient by Pvof. Miller, 
than that by substitution, and was thus practised. 

The nearly equal weights P and Q to be compared, were weighed directly against 
each other, but repeatedly reversed, and the balance was so adjusted by a small con- 
stant weight placed in one of the pans or on tlio beam, that on interchanging P and Q, 
the position of equilibrium was still near tho middle of the scale. Then if (P, Q) be 
the rea^ng of the scale in tho position of equilibrium when P is in the left hand pan, 
and Q in the right hand pan, and (Q, P) the reading when Q is in the left hand pan, 
and P in the right hand pan ; then 2Q =- 2P + ra ((P, Q) — (Q, P)), where m is the 
weight equivalent to one degree of deviation on the scale. 

In the determination of the equivalents of tho elements, and in many physico- 
chemical determinations, it is to be hoped that chemists will soon have to tax to tha 
utmost these refined methods of weighing. 

On the balance generally, the reader may further consult Biot, Traits de Physique, 
i. 9; Pouillet, EL de Pliys. i. 66; Ann. de Chim. xxxvi. 3; Jury Reports on thO 
Exhibition of 1861, pp. 267 — 262; Phil. Trans, cxvi, pt, 2, p. 36. For a description 
of NapieFs “Automaton-balance” for weighing coin, see Urds Dictionary qf Arti^ 
Manufactures and Mines, i. 246. W. 8. J. 


SAUiirs, or BA^AXS BiniT. A variety of spinelle, varying in colour from 
reddish-white to pale red. 

BAZABSTBBOSXTB. a variety of iron pyrites^ found in Asturia and Gallic^ 
Specific gravity 4*76 to 4*90. 

BA^M OB. Beceivers and flasks of spherical form are sometimes called balloons. 

BAUAJB. This term, originally confined to a single substance, via. Balm of 
IHlead, Mecca Balsam, or Balsam of Jude^ is now extenoed to a variety of piodu^ 
more or leas resembling that body, but exhibiting considerable diversity of composition 
and properties. They are viscid, aromatic liquids, which exude frrom growing plan6^ 
eitoer spontaneously, or frinn incisions made tor the purpw. 

Baleains are mixtures of resins with volatile oils, the resins being produced from the 
^ by oxidation, so that a balsam may be regarded as an intermediate product be- 
a volatile oil and a perfect resin. They may be divided into two gtoops, tha 
me indudiag those of purely oleo^resinous character, viz, Copu^ baUam^ Meeea oaU 
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bai4am& 

8am, and the balsams or turpentines of coniferous plants ; the other iiudad« 
iiig those which contain cinnaxnic acid, snefa as Peru halsdm, Tolu baisom, 
amhar, and Storax. Benzoin and Bra^n’s-blood are sometimes also daSsed among 
balsams ; but they are more properly resins ; the true balsams axe liquids more or less 
Ti^id, and yield volatile oils by distillation with water. The balsams of the second 
group yield by dry distillation, cinnamatenr benzoate of ethyl pr-methyli and accord- 

a to Scharling^ these products, or perhaps others not previously existing in the 
ams, may be formed from them by the a!diQn of aqueous alkaline Iqys. 

Balsams of the First Group : Olco-resins^ 

Canada Badsam or Canadian TuRPEN-riNB* Baume du Cana^ is the produce of 
Abies hahartiea (Dec.), a coniferous tree growing in Canada, Virginia, and Carolina. 
It collects in vesicles under the bark, and is obtained by making inciaiona in the 
Stem. It is either colourle^ or slightly yellowish, rather mobile, but tenacious and 
capable of being drawn into threads, turbid wlien fresh, but soon becomes perfectly 
transparent when left at rest. It turns the plane of polarisation of a luminous ray to 
the right, and has an index of refraction equal to 1 ‘532. If dries up to a hard varnish 
when exposed in thin layers to the air for about forty-eight hours, and gKidnally 
thickens, even in closed vessels. Its power of hardening, its transparency, and its 
peculiar refractive power, which is nearly the same as that of crown glass, renders 
It very useful as a cement in the construction of optical instruments. In some coun- 
tries it is used us a< medicine ; when taken internally, it imparts a nutmeg odour to the 
urine. 

Canada balsam distilled with water, yields a volatile oil, of balsamic odour, agree- 
ing in comx>osition with oil of turpentine (Wirzen), and like that oil, turning the 
plane of polarisation to the left (13 i ot); it also leaves a resinous cake, brittle after cool- 
ing, and consisting of a mixture of several substances. The balsam is partially soluble 
in alcohol, a granular resin remaining undissolvcd. 

Canada balsam contains, according to Bonus tre (J. Pharm. viii. 572 {^1822]), 18*6 
per cent, volatile oil, 40‘0 resins easily soluble in alcohol, 33*0 resin sparingly soluble 
in alcohol, together with 8*4 caoutchouc iind bitter extractive mutters soluble in water. 
The sparingly soluble rosin is described as dry, friable, heavier than water, difficult to 
molt, and becoming electrical by friction. According to Call lot (J. Pharm. xvi 436 
[1830]), the balsam contains two neutral resins, one called abb tin (see p. 1), being 
ciystallisable and easily soluble in alcohol of 0‘824, the other white, pulverulent, with- 
out crystalline form, very little soluble in alcohol of 0‘824, or in rock oil, or potash- 
ley, and closely resembling the sparingly soluble resin obtained from other species of 
abics ; also an acid resin, which forms a coherent paste wlieii mixed with its 
weight of magnesia, and imparts to Canada balsam the property of forming a white soap 
with potash. According to Wirzen {l)e baisamis et preesertim de balsamo Canadense 
Dissertatio, Helsin^orscse, 1849), Canada balsam contains 16 per -cent, of volatile 
oil, 30 pts. of a resin a, soluble in boiling alcohol of 0*833, and containing 
(78*31 per cent: C and 10*08 33 pts. of another resin insoluble in hot alcohol, 

but soluble in ether, and containing ; and, lastly, 20 pts. of a resin y, in- 

soluble in alcohol kad ether. Wirzen’s a resin is probably a mixture of abietin with 
an acid resin. 

A balsam exactly resembling the preceding, excepting that it has a darker colour, 
is obtained from Abies canadensis (Link). Canada balsam is distinguished from all 
other varieties of turpentine by its peculiar odour, its perfect transparency and ducti« 
lity, and the facility with which it hardens when exposed to the air. Strasbi^ 
turpentine, from Abies pectinata, which very much resembles it, is distinguished by its 
optical IflBvo-rotatory power; and Venice turpentine (from Larix europeBa\ by its easy 
and complete solubility in alcohol Of ordinary strength, and its inoifierence towards 
calcined magnesia 

The other balsams, or turpentines, derived from coniferous plants, will be described in 
the article TuaraNTiNR. ' 

CopA)^ or OoPAivA Badsav. Balsamum CopaiotCy Baums de 6bpa4tA This 
balsam is produced by several species of Copaifera (order Casalpinem), particularly ^ 
Copaifera biju^aly WiUd., C, mmiijuga^ Hayne, C. Guianensis, C» Langsdor/H, and ,6* 
Jacquiniy Desf., which are indigenous in Brazil, Fern, Mexico, and the Antilles. It is 
obtained by making incisions or perforations in the treess daring rainy weather, and 
flows so abundantly that a single incision often yields 12 pounds of the balsam. 

Copaiba balsam consists of several resins dissolved in a volatile oil, the amount and 
nature of the resins varying considerably in balsam from diflerent sources. There are 
three principal vuieties,^ the Brazilian, the Antillian and the Columbian. 

. Brazilian copaiba is %ht yellow, generally transparent, of various degrees of CQft* 



BAILSAM OF COPAlBAi 4i» 

tiitencev from mobile to syrupy, aud of si^cidc gmvity ranginff from 0*920 to 0*085. 
It Jias apeculiar, aromatic, disagreeable odour, and a persist entiy bitter and irritating 
taste. ^ exposure to the air, it becomes darker in colour, of the consistence of tur- 
pentine, hearwr than water, and ultimately solid aud inodorous. When heated in 
intact with the air, it takes fire and bhms with a bright, but Tery smoky ftame. The 
balsam from the Antilles differs from the Brasilian by its more viscid consistence, 
darker colour, imperfect transparency, and tm^ntine-like odour. Columbian copaiba 
is distinguished by its turbidity, arising from suspended particles of resin, which are 
dapoeited as a crystalline entst when the balsam is left at rest. 

chemical, examinations hitherto made of copaiba balsam relate chiefly to the 
Brasilian, of whi^ two vari^lUs are distinguished. 

I. Copaiba balsam cotiiainin^' acid nsins. — This variety, which was for- 

merly the only one known, is distiuguished by the following characters : — It is inso- 
lable in water, but imparts to the water its taste and smeU. It dissolves in all pro- 
^lortioDS in ahsoluU alcohol, in tthtr, nnd in oiU, both fixed and volatile; the alcoholic 
solution, however, is often rendered turbid by the separation of resinous flukes. 
Alcohol of 90 per cent, dissolves a la^o quantity of it ; alcohol of 80 per cent, only 
^ to ^ of its own weight. Mixed wi& an equal weight of fixed oil, it dissolTes in 
2 pts. of 00 per cent, alcohol, the fixed oil sepi^ting only on the addition of a con- 
siderable quantity of alcohoL It absorbs chwrine gas, becoming furbid at the same 
t ime, from formation of hydrochloric acid. With strong stdiihuric acid, it assumes a 
red colour and viscid consistence, with evolution of sulphurous anhydride, and an 
odour of oil of amber. Strong nitric acid acts upon it with violence; dilute nitric 
acid more quietly, forming a hard yellow resin, which dissolves partially in the acid, 
Slid Si yellow bitter substance insoluble in water and in alcohol. Distilled with 2 or 8 
jier c(‘nt. of its weight of strong sulphuric acid or with hypochlorite of calcium, it yields 
a volatile oil of fine blue colour (^Lbwe. Pbarm. J. Trans, xiv. 65) ; the same oil is said 
to be produced by tlie action of acid chromate of |v>tasHium. Three pts. of the balsam 
mixed with 1 pt. of potash^lcy containing | pt. of hydrate of jM^tassium, yield a clear 
liquid, which docs not lose its transparency when mixed with alcohol or with a small 
quantity of water, but liccomcs milky on addition of a large quantity of water. A 
];irgtT quantity of caustic potusli-hy added to the clear liquid, throws to the surface a 
iransparent copail>a-soap, whicli forms a turbid solution with a large quantity of 
water, or with absolute alcohol, but dissolves completely in ether or in hydrated 
nloolioL Wlien an alcoholic solution of the balsam is mixed with dilute potash or soda- 
by, a volatile oil rises to the surface, while the resulting compound of resin and alkali 
r»‘niains dissolved in the hydrated alcohol. This process may be used for the prepara- 
tir>n of the volatile oil. Five pts. of the balsam form with 2 pts. of a<||ueouB ammonia 
of 8f>eciflc gravity; 0*921, a clear mixture, from which a larger quantity of ammonia 
Si paratos a soapy com[)ound. A mixture of 9 pts. of the balsam and 2 pts. aqueous 
ammonia well shaken up and left at rest at + 10^ C'., gradually yields a crystallino' 
dr|K]wit, consisting of the resinous acid of the balsam. The balsam likewise combines 
readily with maancsia. It dissolves completely ^ of its weight of calcined magnesia, 
and when minted witli of its weight of that substance, thickens to a stiff paste in the 
<*mir8o of a few days; with J in a few hours. Similarly with quirk Ihne. CarlKmate 
of magnesium likewise forms with 4 pts. of the pure balsam at mean temperatures 
(15° C. or 60° F.), a clear viscid solution. 

The balsam distilled with water yields a volatile mobile oil, possessing in a 

liigb degree the peculiar odour of the balsam, luid forming a crystalline compound 
with hydrochloric acid (see Copaiba On,), while in tlie rebirt tliere remains a mass 
of brittle resin, which is resolved by treatment witli i‘ock-oil, into a Crystallisable por- 
tion soluble in that liquid (the a resin of Berzelius), aud an insoluble unctuous sub* 
stanee (A resin of^rselius). The crystallisable resin hoe the formula and 

from it* property of reddening litmus and uniting readily with acids, is called copoihee 
The crystalline deposit which separates from the turbid balsam, is, according to 
Pehling's investigatioii, a resinous acid containing It is to these two 

^ins that the peculiar reactions of the balsam with bases are due. The soft resin 

perhaps, formed by oxidation of the volatile oil in the air, and appears to have but 
a very slight afiSnity for bases, inasmuch as when isolated it dissolves but slowly, and 
only, with the aid of heat, in potash and ammonia, forming a turbid solution. (See, 
CoPAi^ Hbsikb.) ‘ ' 

J^ides these essential constituents, the balsam likmse contains occasionaHjr a 
small quantity of water, and, according to Durand, small quantities of extraetive 
matter, ^tie acid (perhaps also socc^iic acidk and a flitty substance, which ns- 
jnains behind when the hfdsam is dissolve in al^hol of spcM^e gravity 0*842 ; 
frae^of chloride of nalmnm- Xhe &llowtTig are analyses of this variety of copaitia 
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Tolatne oil 
Alpharit^ 
Beta-resin 
Water and loss . 


II. Copaiba Balsam^ containing only neutrcU resins, Pabacopaiba Bai^sajc. — This 
varietyi which is of recent introduction, is distiugui§hed from the former by its much 
greater mobility. In odour and taste it agrees with the preceding, but, according to 
f osselt (Ann. Ch, Pharm. Ixix, 67), behaves in a totally^ different manner with sol- 
vents and with bases. With alcohol, in any proportion, it forms a turbid mixture. 
Potash and ammonia also form with it turbid liniments, which, when left at rest; 
deposit the balsam in its original state. It does not thicken with ma^esia. The 
volatile oil, paracopaiba-oii, which it yields by distillation with water, is distinguished 
from the copaiba-oil above-mentioned, by its viscidity, its sparing solubility in abso- 
lute-alcohol, and especially by not forming a crystalline compound with hydrochloric 
Hci(L The resinous cake, brittle in the cold, which remains after the volatile oil has 
been distilled is resolved by cold alcohol into a soluble portion, which separates 
on evaporation of the alcohol, in drops that gradually solidify in amorphous musses, 
g,nd another resin, which dissolves only in boiling alcohol and in ether, is difficult to 
fuse, and likewise uncrystallisable. Neither of these resins exhibits any acid reaction 
in the state of solution, or forms compounds with bases (see Copaiba Pesins). One 
hundred pta, of the Brazilian balsam examined by Possclt, contained 82 pts. of volatile 
oil, and 18 pts, resin, the greater part of which was soluble in cold alcohol. 

The two varieties of copaiba balsam just described, the first of which, from its be- 
haviour with magnesia, is called solidijiable baham^ must be regarded merely as 
types — which are, perhaps, not the only ones — and may vary greatly in the pro^rtiou 
of oil and resin, and therefore in consistence. Oberdorffer (Arch. Pharm. [2] 
172) found in three varieties of mobile copaiba balsam of the first variety : 

I. IT. 111. 

Volatile oil . . . . 60 68 64 

Besins .... 40 42 46 


The following proportions of oil and resin have been found in several balsams of 
unknown origin : 

Ulf!X,{ Stockhardt.il Prt>cter.T 


Specific gravity 

IV. 

0-928 

V. 

VI. 

vTT 

0-916 

V III. 

0-956 

9-1 

X. 

0-986 

0-98*6 

Volatile oil • 

90 

68 

56-5 

80 

65 

60 

36 

34 

Besins 

11 

42 

43-6 

20 

36 

60 

66 

64 


The amount of volatile oil was estimated either by the loss of weight which the 
balsams suffered by boiling with water (I. to VI.), or by continued heating to 120° C. 
(248® F.), till the weight remained constant (VII. to XI). The balsams IV, to VX 
were mobile and are not further distinguished ; VII. and V’lII. arc mobile balsams of 
the second variefy ; IX, -to XI, viscid balsams of the first variety. 

According to Procter, the proportion of oil varies with the age of the trees, the 
youngest trees yielding the most liquid balsam. The acid resins appear to be formed 
in the plant itself, wliile the soft resin (/8 resin) is produced by the oxidation of the 
volatile oil, and consequently increases in amount with the age of the balsam, esj^ 
cially when it is kept in loosely closed vessels ; this is in accordance with the resmtf 
of Oberdorffer’s au^yses just quoted. 

Copaiba balsam is used in the preparation of lac-VHrnishes and tracing paper; but 
its chief apj^lication is in medicine, as a remedy in diseases of the urinary passages 
It is not known with certainty to which constituent of the balsam the peculiar physio* 
logical action is due ; but it docs not appear to reside especially in the volatile oil ; 
in many places, the resin completely jurecd from oil is successfully used in 
practice, instead of the balsam in its original state. Whether the more oleaginoiUi 
variety, containing only neutral resins, which is of recent introduction, is capidde ol 
exerting the same action as the more viscid and acid variety, which has long nsM in 
use, is not yet known. ^ 

Copaiba balsam is often adulterated, especially with fixed oils and tnrpentineu Of 

• Bftrllner JshrK f. Pharm. xxril. ITtk f Phnrm. J. Tran*, x. iTt. 

I Bran^** ArcMr, XXX. 147- } Arch. Pharm. exxti. 1 4. 

I Arch. Pharm. xxxviit. 12. ^ Pliarm. J. ’rran*. x. fiM 


3800 

62-75 

1-66 

7-59 

100-00 


Gulbourt.f 

45-0 

53-9 

1-1 


100-0 


Gerbar. 
Freeh haltaw. 

41-0 
51*38 
2*18 
5-44 


10000 


oEtixilaxn 

81-07 

52-68 

11-15 

4-10 

100-00 
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late ycarfl East Indian (also called Gufytm balsam^ or cc^st)» which "closelj 

resembles copaiba balsam in taste and smell, has been introduced as a substitute for it« 
ThiB oil may be easily distinguished by its property of becoming gelatinous when 
heated to 130® C. (268® F.), whereas pure copaiba biusam becomes more fluid when 
heated* 

The presence of fixed oils in copaiba balsam may be detected by the followii^ 
nu thods : — 1. By placing one or two drops of the balsam on paper, and eyaporatinj; it 
at a very' gentle neat. The pure balsam then leaves a hard, sharply defined varnisb- 
like ppoU whereas if any fixed oil be present, the 8|x)t is soft and surrounded with a 
circle of fat (Berzelius). — 2. The pure balsam, boiled for some hours with water in an 
op<‘n ve'ssel, leaves a resin which becomes brittle on cooling : fixed oils render this 
rt*si 4 lue soil or greasy. — 3.^. JClie fixed oils remain behind when the balsam is dissolved 
in U pts, of alcohol of 90 per cent, (a smaller quantity of alcohol of that strength 
would leave some of tlie balsam undissolved, p. 493). This last metliod will not in- 
dicate tlie presence of castor-oil, which is itself soluble in alcohol; neither will it detect 
the presence of less than 10 per cent, of other fixed oils. Tuipentine and oil of tur- 
pentine may be recognised by their odour, especially when the balsam is dropped upon 
H metal plate. 

All other methods of testing copaiba balsam are founded on the amount of acid 
resins contained in it, and relate to the first variety (p. 493). This officinal balsam 
may l»e reganled as genuine when, besides exhibiting the characters above mentioned 
(p. 493), it forms a clear or nearly clear solution with alcohol, yields by distallatlon 
with water, not more than 45 per cent, of volatile oil ; forms a clear solution with } of 
its weight of aqueous ammonia of specific gravity 0'921, and when mixed with 
it s wi'iglit of calcined magnesia, gradually forms (in twenty-four to forty-eight hooib) 
u plastic paste. (Handwort d. CJiem. Aufl. ii. 634.) 

Mk(x?\ Bai.sam or Bat.m or Gilead. Opobahamttm verum s. eileadense, BaumM 
(1e la Afn'qne^ dt Judee^ ou du Caire , — This balsam is the produce of the Bcdaa'tm^ 
dtvdron ^dtadivse or^ Ami/ris a shrub belonging to the terebenthacooui 

order, native of Arabia PVHx, There appear to l:>e three varieties of it. The finest, 
wliich is used njdy in tlie h'nst, and lias a peculiarly fnigntnt odour, is said to exude from 
the fiowers in clear colourless droi>s. An inferior sort exudes spontaneously, or from 
inci.‘<ions in tin* young branches of the plant. It is mobile, pale yellow, turbid like 
ahramd s 5 Tup, has a very Jigreenblc odour like rosemary and lemon, and a bitterish 
sharp taste. When exposed to the air, it gradually hardens and loses its transparency. 
Tilt* third sort, which is the most common, is obtained by boiling the wood and the 
br-nncln's with water. It is .somewhat more viscid than balsam of copaiba, becomes 
whiti* and soapy when ruldied in the hand, and when dropped upon water, forms a 
film which is easily removed by a quill feather. Ordinary spirit of wine dissolves it 
but pMctdally, and loaves a transparent odorous substunee, of which warm alcohol of 
Bp4‘citic gravity 0*815 di.s.solvcs about two-thirds. The residue is a flocculent sub- 
stance, M'hich may be drawn out into threads. 

Tromnisdorff (Trommsd. Neucs Journal, xvi. 62) found in a sample of this balsam, 
30 jK^r cent, of volatile oil, 64 per cent, of hard resin, 4 per cent, of soft resin, and 0*4 
per cent, of bitter principles. The volatile oil was mobile, colourless, fragrant, and 
had a rough biste; dissolved in alcohol and ether, and with deep red colour in sul- 
phuric acid, whence it was precipitated by water as a resin. It was also r^i^ised by 
nitric acid. The hard Train was honey-yellow, transpartmt, brittle, of specific gravity 
1'33.3, softened at 44® C., and melted completely at 90®. It dissolved with difficulty 
in alcohol and ether at ordinary temperatures, easily with aid of heat; it was likewise 
soluble in oils, both fixed and volatile. It was altered by hot nitric and sulphurio 
acids, and appeared to combine with alkalis, forming compounds insoluble in free 
alkali. The aoft resin was brown and very glutinous, inodorous and tastclosa ; meltedf 
when diy, at 112® C. It was insoluble in alcohol and ether, but soluble in oils, lioth 
fixed and volatile. It was not attacked by allcalis or by strong sulphuric acid ; with 
nitric acid, it swelled up and became friable. 

According to Bonastre (Ann. Oh. Fharm. iii. 147), Mecca balsam contains in 

100 pts. : 

Fragrant volatile oil 10 pts. 

Brown bitter extract, soluble in water and alcohol . « . 4 „ 

Acid resti^ soluble in alcohol, and not hardening . . . 70 » 

Stiff whituh-grej resin, spiuringly soluble in al^hol . . 12 „ 

Arid substance and impurities • • • « • . 4 „ 

Me cca balsam was formerly used in medicine, bnt has now fidlen into disnse on 
of its scairity and dsMuess. In tiis Esst it is used internally as a tonic. 
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SaUama of the Second Ghroup^ containing Cinnamie Acid, 

IjiQun>A.MBAS Bauah IS the produce of lAquidambar stf^acifitM^ a large tree grow, 
ing in Louisiana^ Florida, and Mexico. There are two varieties of it, viz, : 

1, lAqtiid liquidamhar^ or Oil of liquida^nbar^ which is obtained by 

sions in the tree, receiving the balsam immediately, in vessels which protect it fiom 
the action of the air, and afterwards decanting the liquid from a portion of opaque 
balsam, which settles to the bottom. It is a thick transparent oil of amber-yellow 
colour, has an odour like that of liquid storax, but more agreeable, and an aromatic 
taste, which irritates the throat. It contains a rather large quantity- of ^nzoic or 
cinnamic acid, and reddens litmus paper strongly. Boiling alcohol dissolves it, with 
exception of a slight residue, and the filtered liquid becomes turbid on cooling. 

2. Soft or white liqmdamhar is formed from the preceding by exposure to the air, as 
when it r^ps down the stem of the tree and is left there to thicken. It resembles 
TBiy thick turpentine or soft pitch, is opaque and whitish, has a less powerful and 
more agreeable odour than the preceding, and a sweet, perfumed, but irritating taste. 
It contains a large quantity of benzoic or cinnamic acid. By continued exposure to 
the air, it solidifies completely, and becomes nearly transparent. It was formerly sold 
as white Fern balsam. (Gerh. iii. 386.) 

Pbeu Balsam. Bahamum peruvianum; Bale, indicum, — This balsam is the 
produce of certain species of Mgroxglum, or Myirospennum^ growing on the Balsam 
coast near San Sonate, in the state of San Salvador, Central America. There are three 
•varieties of it : 

White Peru balsam. — Obtained from tlio fniit of the tree by removing the 
wings and the outer and middle integuments, and subjecting the inner coating, together 
with the seed, to pressure. The balsam thus obtained is pale yellow, somewhat thick, 
turbid and granular, and has an agreeable odour of melilot. When left at rest, it 
deposits a solid crystalline layer. Cold alcohol or ether dissolves it but imperfectly ; 
the same liquids when hot dissolve the greater portion. The alcoholic solution, when 
left at rest, deposits crystals of myroxocarpin (y.v.), of which also the crystaUine 
imont above mentioned appears to consist. The 


leaves when evaporated a mixture of resin and fixed oil. The balsam distilled witli 
water, yields traces of a volatile oil and a volatile acid (Scharling). According tn 
Guibourt, there is another kind of white Peru balsam, which is identical with liqiiid- 
ambar. 

2. Dry Peru balsam, Balsamtim perumanum sieenm^ Opohahamuin. iiccum, is 
said to be produced from the preceding by hardening in contact with the air. Ac- 
cording to Weddell, it exudes spontaneously from the stem of a myroxylum. It is 
reddish-yellow, translucent, hard, smells aromatic and like vanilla, melts when heated, 
and burns with a smoky flame ; 100 pts. of it contain, according to Tromsdorff, 1 2 pts. 
benzoic (more probably cinnamic) acid, 0*2 volatile oil, and 8 8 0 resin. 

3. Black Peru balsam. Block balsam of San Salvador or San Sonate. Baimmum 
peruvianum s. indicuni nigrum. Bautne de Bhu noir. This, which is the ordinary 
Peru balsam, has been known in Europe since 1660. It is said to be obtained by making 
incisions in the stem of the trees, partially detaching a portion of the bark in such a 
manner as to leave it still connected with thestom at the upper part, then thrusting woollen 
rags between the bark and the wood, and warming the tree by making a fire round it. 
Fresh incisions are then made higher and higher up, till the rags are saturated, the 
process occupying ten or twelve days. The cloths impregnated with balsam are then 
removed, and well boiled with water, and the balsam which sinks to the bottom is 
freed from water, whicli it retains somewhat firmly, by several horn’s boiling under 
water. It is thou further purified by straining, and sent to Europe by way of Peru, 
whence its name. (Copious details of the history and preparation of this balsam, are 

J jven in Mmpratfs Chemistry, i. 228 ; see also Uree Dictionary of ArU^ Mann- 
'a4!tures and Mines, i. 248.) 

Black Peru balsam is viscid but not glutinous, of dark brown colour, opaque in the 
mass, but in thin layers perfectly transparent^ with brown-red colour. Sperifle gravity 
1*16. In contact with the air, it gradually thickens, but does not solidify. It has ah 
agreeable odour, like vanilla, a bitter, persistently irritating taste, and an add reaction, 
1000 parts of the balsam saturating about 76 of carbonate of so^um. 

When heated, it takes fire and burns with a smoky flame. When distilled with wateTf 
it does not yield any volatile oil, but the distillate contains cinnamic add, which exists 
in the balsam in the free state, and may be extracted by repeated boiling with water, 
or by carbonate of sodium. Peru balsam mixes in all proportions with absolute aleohcl: 
but the solution is not quite clear, and depodts a flocculent substance when left at rwt 
Weaker alcohol dissolves it less easily, and leaves a residue of resin. It is also but 
incompletely soluble in ether and in ous, whether fixed or volatile. It mixes without 



turbidity witU } of its 'w^ht of fUed oil, or with J of its weight of balsam of oo|>tii1>« i 
but if a larger quantity of either of these liquids be added, two laym are formed. 
Su/phuric acid conrei'ts it into a thick red mass, with evolution of suMivrons acid ; 
titnc acid acts upon it only when heated, giving off nitrous fiimes and hydrocyanic 
acid ; after the evaporation of the mixtui'e, there remains a brownisli-yeliow mtter 
^ubstullce, soluble in water. When 2 volumes of the balsam are gently heated with 

3 volumes of fotaahdcy^ of specific gravity 1-3, two layers of liquid aro formed, ths 
ui»per consisting of a brownish oil (oil of Peru balsam), and the lower, which is watery, 
containing cinnamic acid, resins, and colouring mutters in combination with potasL 

4 nts. of the balsam form a soapy mixture with 1 pt. hydrate of potassium and I pt. ol 
water. When sulyected to dry dinHUation^ it begins to boil at 287° C,' and yields, 
with continual rise of temperature, an oil coloured by products of decomposition, while 
a iH>rous charcoal remains in the retort. 

illack Peru balsam has been repeatedly analysed. The earliest cxsftkittation of it 
was made in 1824, by Stoltze (llerliner. Jalirb. f. Pliarm. xxv. 24), who found ,im>j 
100 pts. 69‘() pts. of a peculiar volatile oil, 6*4 of acid (supposed at the time to 
benzoic acid, but really consisting of cinnamic acid), 20*7 resin easily soluble in 
iilcohoh 2*4 rosin sparingly soluble in ulcoliol, 0*6 extractive matter, and 0*9 nfoisture. 

According to Premy (Aim. Cli. I*hys. [2] Ixx. 180), the balsam is ebUtppsed of 
variable quantities of a volatile oil or styrttcin\ a crystallisublo substance 

{^nutacinnakiiHn)^ isomeric therewith, cinnamic acid^ and rvsin. On dissolvj^ the 
balsuni in alcobol, and adding alcoholic i>ot4ish, the resin is precipitated in comhinaition .> 
w'ith potash, while the cinnuinein remains dissolved, and may bo pi'c^cipitated 
water, the cinnamic acid still remaining in solution. The oil is puriflt'<l from V 

solution in rock-oil and evaporation : by exposing it to a low ttnnpeiuiture, 
solving in weak alcohol, tho crystalline mirtaviimamein, which liowcvcr is no^idwayi 
present, is separated (see Cinnamkin). The resinous portion of the ludsam uppers Ui 
be a mixture of several distinct resins, one of which agives in coni))osition with ths 
nsin produced from cinnameiu by the action of sulphuric acid; another differs froui^ 
that just mentioned merely by containing a smaller aiuount of the elements of waters 
I' reiiiy thciH^forc regards cinnanieiii and jnetaciiinamein as the originid constitueiits 
of Peru balsam, the cinnamic acid a« a protluctof oxidation, niid the resins as hydrates 
of cinnumcin. This view explains the variation in constitution of tho balsam with 
age; also the fact that cinnamic acid is still ]irc.sent in the balsam after it has been 
boiled with water, and increases in quantity with the age of tlio bidsam. 

For Plantamour’s results, which agree with those of Fi*emy, so fur us regards the 
presciico of cinnameiii and einoaniic acid, see Ann. Cli. Pharin. xxvii. 329 ; xxx. 347^ 
Arcording to Scliurlinf^ {ibid, xcvii. 108), tho cinnameiu obtained from different 
HU II I pies of Peru balsam Is not of constant composition; but tho formula) which he 
a.Hsigns to them are improbable. 

Tlic rcsiii of Peru balsam mixed with pumice ami HuhjVcted to di^ distillation, yields 
benzoic acid, together with an oily and a wateiy distillate. t)n distilling the former 
by itself, a lighter oil passes over at 176° C., and afterwards a he'n vy liquid, which 
sinks to the bottom. The light oil, repeatedly rectified with potiish-ley, and finally 
over hydrate of potassium, yields pure cinnuinone, C**!:!*. The heavier liquid appears to 
consist of Itenzoate of methyl and plionic acid : when distilled >vith potasn-ley, it yields 
wofsl-spirit, (.Scharling, loc. cit.) 

illack Peru balsam is used in medicine as an application to wounds, and also ss nu 
internal remedy. It is also used in perfumery, and in tho ppe|»aratinn of chocolate, as 
a substitute for vanilla. The white and dry balsams (p. 496) are scaite, and hava 
not r<*ceived any practical application. 

Adulterations in Pern b^sam may be detected as follows : Fixed oiU remain tm- 
dissolved on treating the balsam with strong alcohol ; volatile oils lower the boiling 
]joint, and pass over on distilling the balsam with water; copaiba halaaM and'fuir^- 
2 **ntine, may be recognised by the odour which they give out when heated ; also by 
yielding volatile oils on distillation with water; aayar and all substaiioes soluble in 
Water, by the diminution of volume which the balsam so adulteraU^ undergoes when 
shaken up with water ; syrup of sugar also renders the balsam turbid. 

Bauam. T his balsam is the produce of Styraa offieifudUt a shrub 
f^rowing in the Levaiit» Palestine, Elyria, and Greece. It is imported into Europe 
from Trieste. There are two principal varieties of it^ Siyrax Uquidus^ and StyroM 
calamita, 

a. Idqmd starax . — This variety is sometimes transpareiit, of brownish-yellow oolror, 
of r he ooDsistenee and tenacity of Venice tarpentine; and has a peculiar aw^m or 
vanilla-like odmtr; sometimes opaque, with gr^ colour, the consistence of bnd-lilteet 
and a strong npprsssiTf odour, slimtiy mixed with that of benzene or naplUiu^kMtii*.. 
1-iquid atom is a naixtate of cinnamic acid, styracin, igid resins. 

V^M.. I. K 
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b. Itctil MforasPf Si^raj; cnlamifa , — This is imported in compact massea of fragrant 
odour and ricJi brown colour, intersperaed with white tears, whence it has also b^n 
called aiu^/gMoid atorax. According to Reiii.sch, it contains about 0'5 pep cent o£ 
volatile oil, 33 to 54 per cent, resin, 1*1 to 2-6 benzoic acid, 8 to 14 gum and extract, 
9*6 to 24 matter extracted by potash, 20 to 27 woody fibre, 5 water, and traces <rf 
ammonia. The drug sold under this name is, however, of ver^ variable composition, 
often consisting of nothing but saw-dust or decayed wood, impregnated with coal- 
tar, or some similar substance, and bearing no resemblance whatever to the genuine 
storax. 

Storax is used in medicine, as a stimulating expectorant, its operation being 
analogi^ua to that of Peru balsam or benzoin. It is also used as a deteigent, in the 
form of ointment. (Muspratt’s Chemistry, i. 225.) 

Tolu Balsam. — This balsam is obtained in largo quantity from incisions in the 
stem of the Myrospermmn toluiferum (Sprengcl), Mt/rox^hmi (Richards), 

a tree growing in various districts of Columbia, viz. in the mountains of Turbaoo 
and Tolu, and on the Magdalena River. In the fresh state it is yellowish, trans- 
parent and liquid, like turpentine {white tolu-hafsam^ but changes rather quickly by 
keeping, acquiring a re<ldish -brown colour and stiff consistence tolu-halsam^ and 

being ultimately converted into a friable subshincc of granular crystalline stnietnro 
(dry tola-bfdsani). It has an aromatic odour, like that of lemon and jasmine, and n 
H wee tfsli, aromatic, somewhat iiTitatiiig taste. It melts at a gentle heat; dissolves 
readily and completely in af cohot ; less rojulily in eihrr and in volatile, oils ; not com- 
pletely in fixed oils. Hot watrr exti-icts from it cinnamic acid (and, according to 
Deville and Scharling. likewise benzoic acid), together with volatile oil. Heated with 
strong sidphiirh acid^ it forms a red solution witliout giving off sulphurous acid. With 
potask-lcy of spccilic gravity 1*17, it forms a clear solution having an odour of violets, 
and witli drops of oil floating on the surface. 

Tolu l>alsani is a mixture of volatile oil, free acid, and resin. The volatile oil is ob- 
taine<l by distilling llui balsam with w*ater, tlu^ quantity being always small, but 
varying uceonling to tlio age of the balsam. Deville obtained 0*2 per eeiit., Seharling 
1 j»op cent., and, by a fterward.s passing steam heated to 170'^ C. through the balsam, 
0*2 per cent, more, Tliis oil is, according to Devilh.*, a mixture of tulme^ C'-TI*“, p;iss- 
ing over bet weec'ii 100° and 170° C., and cinvaoieia, w hich distils between 

340° and 350° 0. A<'cording to J^. Kopp and Scdiarling, on the other liand, the oil 
consists wholly toleiie, whieli, according to Kopp, is i.someric with oil of turpeiitiin*, 
The small (quantity of volatile oil contained in I’olii balsam, and the rapidity 
with which it hardens by exposure to the air, are characters by w hich it is readily 
distinguished from balsam of Peru. 

The free acid c»f T<dii balsam consists, according to Deville and Seharling, of r/w- 
vauiic ami henzoie acids; according to Freuny ami K. Kopp, of ciniiaTnic acid only. 
The balsam boiled W’itli water, yields a solution which, on cooling, deposits crystals 
chiefly of cinnamic acid (Deville). The oil obtained by distilling the balsam with 
water, ami I'oliobating tho distillate sevend tiine.s, deposits benzoic acid when exposed 
to the air (D e v i 1 1 e). Benzoic acid is likewise extracted, together with cinnamic acid, 
by treating tlu' b.dsani Avith aqueous carbonate of sodium, oi* caustic potash, adding 
eldoritle of caleiiini to precipitate the resins, and supersaturating tlie filtrate with hy- 
diochloric acid (Devil I e, Scharliiig). K. Kopp is of. opinion that the benzoic acid 
IB a projluct of deeoinpo.sition. and docs not pi’c-exist in the balsam. 

lit sins . — Aceordijig to K. Kopp, Tolu balsam contains two resins, an a resin, easily 
soluble ill aleoliol, and a ^ resin, C*"ir'**0* sparingly soluble in alcohol. 

The a re.sin, C’"H according to Kopp, but more probably ns suggested 

by Oerlnirdt (^Traite, iii. 408), is obtained l>y treating tho balsam with cold alcohol, 
after it, has been frei*d from volatile oil and cinnamic acid by di.stillatioii and boiling 
with water. It i.s brown, translucent, and shining; friable in the cold; but the 
powder cakes togetlier CA'en at + 15° C., and the resin melts at 60° C. Strong sul- 
phuric acid colours it purple-red. When dissolved in potash-ley, and exposed to tho 
air, it oxidises readily, and is converted into /3 re.siii. By dry distillation it yields 
toluene and benzoic arid. 

Tho /5 resin, is brownish, dull, and without tn.ste or smell ; melts at B 

temperature above 100° O. It is sparingly .soluble in alcohol and ether, dissolves with 
brown colour in pohish-ley, and is precipitated w'ith violet colour by sulphuric acid* 
It is more permanent than the « resin. 

The mixture of the two resins, treated with nitric acid, yields a number of TolatUa 
and gaseous products, consisting of carbonic anhydride, nitrous anhydride, nitric oxidiy 
bittcr-alniond oil, hydrocyanic acid, and a small quantity of benzoic acid, and thew 
remains a yellow mass, consisting of benzoic acid and a yellow resinous colcMirihil 
matter, which prevents the benzoic acid from crystallising till it baa been aeparatod . 
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:wt)Umation* The resin thus treated yields about a third of its weight of pure bciutoie 

Aceording to Devillct Tolu balsaTn contains only one kind of resin, which lifts the 
comix>8itiou of the $ rosin just doscribod. To est-tract it, Dox’illp dissolves the balsam 
ill tHJtnsh largely diluted with water, saturates the liuiiid with carl>onic acid 
wliert'by a small ejuantity of resin is precipitated, then adds chloride of calcium, which 
i>i\‘oipit;itos the carbonic acid and the rest of the resin as eulciuin-salts, leaving benaoto 
iiiid cinnamic acids in solution. The rose-coloured mass, left after filtration, is then 
*t]-cated witli hytlrochloric acid, which dissolves out the lime and leaves the resin, and 
the latter is purified by solution in a small quantity of alcohol and precipitation by 
wafer. It then forms a rose-coloured powder, having a faint odour of vanilla, soluble 
in alcohol and in potash, very h 3 'grometric, and varying considerably in colour from 
flu* eifi'ct of utmosjiheric influeiiees, and |x>rhaps also of light. Treated with fhmijig ^ 
nitric aeitl, it takes firo and burns as in oxygen, lly dry distillation, it yields a small 
quantity of water, benzoic acid, toluol, benzoate of ethyl, and a mixture of carbonic 
oxide and carbonic anhydride. (Devil le.) 

Si’harling finds that, wlien the resins of Tolu balsam are mixed with half their 
wriglit. of powdered pumice, and covered in the n'tort with a layer of pumieo, the 
))r.>et‘ss of dry distillation goes on quietly and without tumefaction. 16 pt«. of tlio 
n-in lieated in this manner, ultimately to ivdiiess, yield 2 pts. of a watery, and 6 pts. 
of an oily liquid, wJiich is heavier than water, and is resolved by fnictioual distillation 
into toluol, phonic acid, and a {^rtiou boiling above 198® C, The latter was not ob- 
t;iiiie<l of constant boiling point, and yielded by unalyKis numbers intemiediuto 

b. fween the eomposition of benzoate of ethyl, C'1D(C’11'‘)0''*, and binizoate of methyl. 

When distilled with potash, however, it yielded only inethylic alcohol, 
wiflnmt any common alcohol; hence it apiH'ars that the pi*oduots of distillation of tho 
ri^sins are toluene, plieiiic acid, and benzoate of methyl. 

The mode of formation of Tolu balsam is not^ known with certainty. If wo regard 
cjiiijamnin as the primary constituent, the resins a and 3 may ho formed from it by. 
absorption of oxygen and water: 

= c“»H**o* + o + IPO 

« rcsto. Ctimumein. 

C»»jrw»0* =» C’ll'W + O + 21PO 

/S resin. 

or the a resin may bo converted by oxidation into the & resin and cinnamic acid: 
2C*"II>»0^ + O =. C**H*K)* + 2C®H''0* 

» resin. rfisiti. Uinnnmic 

Alid. 

liMstly, the /3 resin may split up into benzoic acid, water, and a hydrocarbon : 

C«I1*®0* 2C’1I''0». + im + C^I£« 

vhieh hydrocarbon is supposed by R Kopp to give rise to the formation of tolene. 
*'^»’harling, on the otliei* hand, supposes that all the eoiistituents of the Imlstini am 
formed from tolono, inasmuch as thi.s body, when exposed to Mio air, quickly lioeomcA 
iv“*inous and acquires an acid reaction. It must bo observed, however, that the resina 
T hits formed artj very different in comtx>sitiou and properties from thoso of Tolu balB«m, 
iiml the nature of the acid has not been detormine<L 

Tolu balsam is used medicinally to facilitate expectoration in coi^ha and chronio 
catarrhs; tilso in r»erfumery. It is said to be ofbn adulterated with liquid storax, 
liquidambur, and Canada balsam. I’uro Tolu biilsum may bo known by its parfeet 
trauspanuicy when fresh ; by its odour ; by its frwdom fi*om water; by its perfect solu* 
bility in {xitasli-ley of 1*17, and in alcohol; and by its reaction with sulphuric acid. 

BA.MA1ICS, ARTmeXfiLB. Pharmaceutical preparations, cliiefiy for external 
use, and somewhat resembling the natural balsams in their physical chajracter, 

c. y. liafjsn/iirtjn r*jioihidoc^ an alcoliolic soap-solution containing ammonia; Haltnimum 
Arr(pi^ a salve containing elemi-resin ; JS^fttaum BiUjphuria^ a solution of sulphur in 
linseed oil, &c. 

BJUTXMCORZXB* a variety of chxysotil, or fibroos serpentine^ Ibund at Bslti* 
more in North America. 

BBMC&XTB. A silicate of aluminium, found in microscopic linear or fibrous 
crystals, at Bande in Norway. Specific gravity 2*984 ; hardness about equal to 'that 
^f dlsthene ; colour vaxying from white to pale gpreenish ; lustre vitreous to silky ; 
translucent, or in single in^viduals nearly transparent and colourless. AocordJn^^ to 
Erdmann's analysis ^J. pr. Chem. xxxi. 166) it contains 66*9 silica, 40*72 Hlnmins^ 
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1*04 ferric oxide, 1*04 lime, and traces of fiuorine, numbers wliich correspond nearly 
to the formula Si*Al®0®® « 4Al®0®98i0*; but it requires further examination. 
Kobell regards it as a mixture of disthene and quartz. 

BA.KAKZT1I or 8AVAUTB. A mineral from Baralon, C6tc du Nord, con- 
taining silica, alumina, ferric oxide, lime, magnesia^ and water. It is probably a 
mixture, the separate constituents of which are not distinguishable by the eye. 

SA8BJLTZlliKiLO. A name applied to several Brazilian barks containing tannin, 
and used both as astringent medicines aud in tlie tanning of leather. 

BABBZOZiZOirB. A blue variety of anhydrite cut and polished for various 
ornamental purposes, 

BABBOZXr. Glairhi , — A nitrogenous substance contained in sulphurous thermal 
% springs, especially in France. It forms a deposit on the sides of the basins and 
conduits of tlie springs, which are sometimes dllod with water and sometimes empty, 
never occurring in parts which are constantly full. The name ba regin is derived from 
its occurrence at Bar^igea.* it is also called Pfornbierin^ from Plombiires, another 
locality in which it is found in considerable quantity. Bnregin is in the moist state 
a transparent, gelatinous, nearly colourless substance, destitute of taste and odour. 
It dissolves very sparingly in the cold, more re4idil3' at higlier temperatures, in water, 
alcohol, aqueous acids, and alkalis, and in oil of tiirpcntino; insoluble in ether. 
When dried, it forms a horny muss, and on heating this muss, it emits an odour like 
that of burnt horn, together with ammoniacal vapours. According to Bonis (Compt, 
nmd. xli. 16) it contains from 44 to 48*7 per cent, of carbon, 6*7 to 7*7 hydrogen, 

6 6 to 8T nitrogen, and 30*2 to 40*7 per cent, of ash, chiefl}’’ consisting of silica. It 
doe.s not contain snlpluir. According to Daiiberg, it consists for the most part of a 
mass of eonfervte and oHcillatorifle. 

Nearljr allied to, if not identical with baregiii, is a substance which is sometimes 
formctl in the quick inctliod of preparing vinegar (sfO Acetic Acid, p. 7), and attaches 
itself in gelatinous slireds to the inside of tlie pei'forahHl casks. Tin's substance when 
dried forms a parcl>ment-liko layer, containing 42 per cent, carbon and 6 hj'drogeu, 
besides nitrogen and oxygen, and leaving an alkaline ash. (Gerh. iv. 536; llandvv. 
d. Cliom. 2** Aufl. ii. C43.) 

BABXXiZiA or BABZBZtOB. TIic term given in commerco to the impure soda 
imported from iSjMiin and the Levant. It is made by burning to ashes difTerent plants 
that grow on fho sea sliore, chieflj* of the genus iSViAWa, and is imported in hard 
porous masses of a speckled brown colour. K(bp, a still more impure alkali, made in 
this country by burning various sca-weed.s, is sometimes called British harilia. These 
substances w ere formerly the woiirce of all the soda of commerce ; but their use is 
now almost entirely superseded by the manufacture of soda from common salt. 

BABZtnvZ. St/mhol Bii; Atomw weight 137.— (The name is derived from 
heavy, in allusion to the great density of its compounds.) This metal occurs abim- 
duntly as a sulpliato and carbonate ; also in the mineral harytocalcitr, a carbonate of 
barium and calcium, in certain ores of manganese, in Ilarniotome and in Brewsterite; 
traces of it has also been found in mineral waters. It is never found native. The 
oxide, haryiiu was tlrst recognised us a peculiar earth, distinct from lime, by Scheele, 
in 1774; and the metal itself was first obtained by Davy, in 1808. 

Preparatioii. — 1, Hydrate of barium, or the carbonate, chloride, or nitrate, is made 
into n doughy mass with water, formed into a cup, and placed upon a platinum dish, 
which is connected wnth tlio positive pole of a voltaic battery of 600 pairs of plates, 
the eup being filled with mercury, into which the negative wire dips. The amalgam 
of barium thus obtained is heated in a tube of glass without lead, filled with the 
vapour of rock-oil, till all the mercury is sublimed (Sir H, Davy), If the hydrate of 
barium is mixed with oxide of mercury', the amalgam is obtained in larger quantity 
(Sir H. Davy.) Hare (J. pr. Chein. xix. 249) prepared the amalgam in a aimihir 
manner from moistened chloride of barium surrounded by a freezing mixture, using 
two batteries, each of 100 pairs, and containing more than 100 square feet of zinc. 
The mereuiy was expelled by- heating the amalgam in an iron crucible provided with 
an iron cover, and exhausted of air. — 2, Barium may be obtained in an impure state, 
according to Davy, by passing vapour of potassium over red-bot baryta or chloride of 
barium. — 3. Pure baryta or tlie nitrate is placed in a hole made in a piece of charcoal 
or slate, and exposed to a burning jet of detonating gas, produced from three measures 
of hydro^n and onq measure of oxygen gas. £tFer\*cscence takes place, and whiter 
shining little globules of metallic barium are formed. The baiyta must be anhydrous 
and the detonating gas must be passed through oil and not through water; otherwise a 
translucent vitreous or horny moss will be obtained. (Clarke, Ann. Phil. xvu. 419.) 
—4. Bunsen subjects chloride of barium, mixed up to a paste w'ith water and a littls 
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hvtlrocliloric icid, at a temperature of 100® C., to the action of the electric earrf!iit;» 
using an amalgamated platinum wij» as the ne^tive pole. In thia manner, the metal 
U obtained aa a solid, silver-white highly erystalline amalgam, which, when placed in a 
little boat made of thoroughW ignited charcoal, and heated in a stream of hydrogen, 
yields barium in the form of a tumefied mass, tarnished on the surface, but often 
exhibiting a silver-white lustre in the cavities (Pogg. Ann. xci. 619). Matthiesseu 
has obtained barium by a method similar to that adopted for strontium (y. tr.) ; but 
only in the form of a metallic powder. 

— Barium, according to Davy, is a silver-white metal with less lustre than 
cust-iron ; accowliug to Clarke, it has the colour and lustre of iron according to 
Matthiessen, it is a yellow powder. It sinks rapidly in strong sulphuric acid, even 
when surrounded by bubbles of gas. Its specific gravity, according to Clarke, is 4*0 
or boinewhat greater. It is ductile, and may be beaten fiat, though with difficulty. 
It melts below' redness, and does not volatilise at a red heat. It oxidises i^pidly ni 
the air, becoming heated at the same time, and decomposes water rapidly at ordinary 
tfiniHTatures. When heated in the air, it bums with a dark red light (Davy) ; before 
the oxY-hydrogcn blow'pipe it burns with a greenish fiame (Clarke). Sulphuric 
arid rapidly converts it into sulphate, wdth evolution of hyilrogen. 

Bit&Xim, BROMUa OF. BaBr. Crt/sfa/fiseef, l{aBr-'.2lI*0.—Prcpare(i by 
K.Uvirii(ing barytii-WJittr, or sulphide, or carbonate of barium with hydmbroinic ncid, 
liy decomposing the sulphide with free bromine, sulphur being at the same time 
pivripitated. It is very soluble in water and crystallises with difficulty. Isomm*- 
jilmus with tlic chloride. It is solitblo in strong alcohol, anil may thus be 8e]»aratcil 
tr -in tile cldoride, which is nearly insoluble in that litpiid. 

BBJLZyME, CBZiORZlIB OF. BaCl. CrifsUtUiHed, Bh(; 1*.21PO.— The hydriitinl 
K.'dt was formerly called Terra jionderosa saliia. Tins salt is prepared either fn^m 
tin* carboiialo or from the sulphate of barium, both of which are natural minemlN. 
'I'in; curbon ite (witherite) is simply dissolved in hydrochloric acid, and the resulting 
rhloriilo purified by rocrystallisaf ion. From the native sulplnito (heavy spar), the 
ililniide may bo prepared in two ways: 1. By igniting the sulphate in a crucible witli 
]-aiii«lod coal, wberoby it is converted into sulphide, JW'S, extracting tlie sulphide by 
Imiling water, and decomposing the filtered solution with hydrochloric acid: 

Ba"S + 2HC1 - Ba'*Cl* + H^S. 

'I'ho acid is added in sufficient quantity to produce a strong acid reaction, and the liquid 
i" boiled for .some time to drive off all the sulphuretted hydrogen, then filtered, ova- 
)«irate(l, and cooled till it crystallises. — 2. By heating a mixture of 2 ])tH, heavy spar, 
ami 1 pt. fused chloride of calcium to redness for about an hour. Sulpliate of calcium and 
cldoride of barium are then formed (SO*Bu" + Ca"Cl* — Ba'Cl* -t- 8t)*<V'), and the 
latt^T may he extracted by pulverising the fused mass, Isiiling with water, and filter- 
ing as quickly as possible ; otherwise, a portion of the chloride of barium will be re- 
converted into sulphate, because the sulphate of calcium in the residue gradually 
dissolves in the water, and mixing with the dissolved chloride of barium, produces m 
reaction exactly the reverse of that which took place in the fused muss. The decom- 
position of the sulphate may be fucilitutctl by aAlding to the mixture in the crucible a 
qnuntitv of iron filing and charcoal. »Sulphide of iron is then formed, together with 
an insoluble oxysulphide of calcium, from which the chloride of barium may be sepa- 
rated by water as above. 

Commercial chloride of barium often contains small quantities of the chlorides of 
strontium and calcium; also chloride of aluminium, ses<{uichloride of iron, and some- 
times traces of copper and lead. The chlorides of strontium and calcium may 1)6 
remoytnl by washing the crystals with alcohol ; the latter also bv digesting the aqueous 
s'dution with carlKinatc of barium, whereby the chloride of calcium is slowly decom- 
posed and jconvertod into carbonate ; the same decoin|X>sition may be more qhicklv 
effected by* adding baryta-water, and then passing carlionic acid gas into the liquia. 
Digestion w'ith carbonate of barium also precipitates the sluminium and iron in tba 
form of s«»squtoxule8. Lead and copper may be precipitated adding to the solution 
a small quantity of sulphide of barium. 

Chloride of barium crystallises from its ^neoui solution in transparent colourletw, 
b^r-rided taVdes, Vxdong^n^ io the trimetric or rifj^t prismatic system. The form kA 
o resembles that of heavy spar. The angles are coT :ooP » ; 

^ i Foft *■ 142^36'; oP : 4 Pco «. 140® 67'* The crystals decrepitate in the fire, 

1 heir specific is 2*66 (Fil hoi) ; cubital expansion from 0® to 100® C. »« 0*00987 

b oule and Playfair). They have an unpleasant, bitter, and sharply saline tastSi 

excite nausea, and aA highly wisonous. 

100 pts. of water at 0^ C. dissolve 32*62 pta. of anhydrous chloride of Iwitwib and 
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0*2711 ptfl. for every degree above 0® C. ; 100 pts. of water at 15*6 dissolve 43*5, and at 
105*5®, 78 pts. of tne crystalHsed chloride (G-ay-IiUssac), One pt, of ci^'staUised 
chloride of barium dissolves at 18*1® in 2*267 pts. of water, forming a solution of 
specific gravity 1*28261 (Kars ten). S^cific gravity of a aatur^itod solutitm at 
8® » 1**270 (An then). Water acidulated with hydrochloric acid dissolves less than 
pure water, and concentrated aqueous hydrochloric acid hardly any ; so that a satu- 
rated solution in water is precipitated by it. Hot absolute alcohol dissolves only 
pt. of the crystals, but more if it contains water. Accowling to Fresenius 
(Ann. Cli, Pharm. lix. 117), one pt. of the salt dis.solves in 8108 pts. of alcohol of 
99*3 per cent, at 14® C’., and in 4857 pts. of the same alcohol at the boiling heat. 

The crystals do not efiloresce in the air: at 100® C. they give off the whole of their 
water, leaving the anhydrous chloride in the form of a white mass, wliich melts at a 
full red heat, and i.y translucent after solidification. Specific gravity of the anlwdj\>us 
chloride — 3*7037 (Karsten), 3*8 (lliehter), 3*86 to 4*156 (Pol. Poullay), Heated 
by itself, it does not lieconie alkaline till after fu.‘5ion ; but wlieii lieated in aqueous 
vapour, it booomes alkaline below the melting jpoiiit, and evoh'ej4 liydrociiloric acid, 
Py ignition with sulphur it is partly changed into sulphide of burium (Karsten). 
It is not decomposed, at ordinary temper:itures, by vapour of anhydroins suiphurie aeid 
According to H. Wurtz, it completely decoin|>o.ses silicates whoji fu.sed witli them. 

Chloride of barium in tho sbite of concontrafod solution, is decomposed by nitrate 
of potassium or sodium, yielding nitrate of barium .and a chloride of tho alkall-rnotal. 
It forms a crystalline compound with glycocoi lUood mixed with it remains fluid 
and does not putrefy. 

The chief u.se of chloride of barium is as a clieiuical reagent, especially for the 
detection and estimation of sulphuric acid. 

BJBlRXVIMC, CTAirZBB or. 8cc CvANiims. 

BARZITM, BBTBCTXOW AUTO BS TZHEAXZOB Or. 1. Heactions in 
the dry v)ay. — Barium-compounds, heated in the inner blowpipe flame, colour the 
outer flame grecui. Tliey likewise impart a green colour to the flame of alf^ohol, and 
when this flame is examined with a prism l)y Bunsen and KirchhofTs method (si^e 
AxAiiYsis, Inouoanic, p. 214, and Bioht), a spectrum is seen, having sevi'ral hroad 
green bands, in the neighlxuirhood of Fraunhofer’s lines 6, a V>right yellow band 
coincident with tho line A n bright orange band just beyond it, and two fainter 
<ft.*ange-i*ed bands, one of which nearly coincides with tho lino C'. 

Reactions in the wet — Tho hydrate, sulj^liidc, chloride, nitrate, and many 
organic salts of barium, the acetate, for example, are soluble in wat<‘r ; most of the 
other salts arc insoluble in water, but soluble in nitric and hydrochloric acid: tho 
sulphate and tlio silieofluoride arc insoluble in all acids. All barium-compounds are 
colourless, excepting those which, like the chromate, contain a coloured acid, Tho 
soluble salts of barium are poisonouj^. Solution of jfolnuh (free from carbonate), forin.s 
a precipitate of hydrate of barium, only in very concentrated solutions of barium-salts. 
ammonia forms no precipitate, even in tho most concentrated solutions. Aikaline car- 
bonates form a white precipitate of carbonate of barium, soluble, W'ith cfflorcsconee, in 
hydrochloric acid. Vhosphaie^ arsnuH<\ horati\ and imlaie of sodium, also form precipi- 
tates soluble in acids. Free oxalic acul, or acid oxalate of 2>ot(tssiuin, precipitates 
oxalate of barium, only from very concentrated solutions; neutral alkaline oxalates 
form a precipitate in all neutral solutions of barium-.saUs, which are not A’ery dilute. 
Neutral alkaline sfu‘ci?iatcs precipitate barium-salts quickly or slowly, acoonling to 
tho concentration of tho solutions. Fcrrocyanule of potassimn forms a precipitate in 
moderately dilute solutions ; ferrhyanide only in strong solutions. Salphydrio acid, 
sulphide of ammonium, and portMoric acid, form no precipitates. Sulphuric acid and 
SfMilc sulphates, throw down sulphate of barium, from all solutions of barium-salts, 
whether neutral or acid. The precipitate is insoluble in nitric or hydrochloric acid, 
even at the boiling heat. A solution of nitrate of barium, containing only 1 pt. 
of baryta in 60,000 to 100,000 pts. of water, gives a veiy distinct cloudiness with 
sulphuric acid or sulph.ate of sodium ; with 200,000 to 400,000 of water, after 
some minutes only; and with 800,000 pts, of water, the reaction is no longer visible. 
(Lassaigne, J. Chim. m^,d, viii. 526.) Acconling to Harting (J. pr. Chem. xjcih 
68), a solution of chloride of barium containing 1 pt of baiyta in 71,000 pts. of water, 
becomes turbid with sulphate of sodium after the lap.se of half an hour. Alkaline 
ehromaiss form with barium-salts, a yellowish precipitate of chromate of barinm, in« 
soluble in dilute acitls, soluble only in a large excess of nitric acid. Hydmfltamlmc 
acid forma with barium-salts, after a while, a white crystalline precipitate, nearly in- 
soluble in nitric or hydrochloric acid. This reaction will dedeet 1 pt. of the chloride 
in 3800 pts. of water. The precipitation is accelerated by addition of alcohol. 

last resaction affords a complete distinction between hai-ium and strontiam; 
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tJio latter metiil i»«>t boini^- precipitated by liydi\>fluosilicic acid. The reaction with 
siilpharic acid <U»tingiu»liea barium iu solution fi"oin all other inetula, except lead and 
ttroiitiiiin. Fi*oin lead it is easily distinguished by its bcharioiir with sulphuretted 
livdn'gen^ which forms a black precipitate with lead, and by many other charactora^ 
and calcium are distinguished from barium by the greater stdubility of their 
ft«\il)'hHt 4 's, so that a solution of sulphate of strontium, or calcium, added to a soluble 
bariuru-sulb forms a precipitate of sulphate of barium. Another distinction is afforded 
I*Y the colour imparted to the flume of alcohol by the compounds of these tw'o inctals, 
harium-compounds colouring the flume pale green (p. 600), while strontium compounds 
i ot'ur it deep red. The taluilar crystals of chloride of barium, which are nearly in- 
t«ilul)lc lu alcohol, likewise uffonl a means of distingiushing barium from strontium 
jind calcium, the cliloridcs of which form hygroscopic needle-shaped crystals, ctvsUy 
sfdvihlc in alcohol. 

3. Qna 7 if ftntive Estimfi tio n. — Barium is always estimated in the form of 
siilplnitc. Tlie precipitation is etfeeted by means of dilute sulphuric acid. The acid 
iinist 1)0 added in excess, and to a hot solution of the burium-siilt ; otherwise n sinnll 
ijuiiutity of the original salt, e«j)ecially if it be iiitmtc, w ill bo throw n downi undecom- 
y>o»e<l togt'thcr w ith the sulphate. The preeipitate is washed wdtli hot w'ater, ignited 
at a motlorate Ijeat, together with the filter, and the amount of barium or of baryta 
cidculated from its weight. 100 pts. of it coiTespond to 68’ 78 pts. of baritiin, and 
(15 61 of baryta. 

Tills inode of estimating barium is very exact; but tlic precipitate, unless certain 
j^rocautions arc taken, is very troublesome to filter, sometimes passing through ns a 
milky liquid, and sometimes completely stopping up the ^wres of Mio paper. To avoid 
these inconvenieucies, the liquid must bo heated, and the preoii>itiite allowed to settle 
down completely, before the filtration is commenced. Tlie clear liipiid is then to bo 
j.MHsed through tlie filter, the precipitate stirred up with boiling water, and again left 
to settle down, this clear liquid also poured through the filter, and the same process 
rc])eated three or four times. The result of this treatment is to rendiT the precipitate 
ih’iise and granular; it may then bo poured on the filter, and \va»he4 with hot water 
as above-mentioned. 

Kecont exjK'riments have shown that sulphate of l>urium is solublo to a peiTcptiblo 
extent in strong hydrochloric, and still more in nitric acid (Calvert, Chein. Ciiz, 
1S5G, 65. — Nicholson and Brice, Phil. Mag. [4] xi, 169. — Noud, Clicm. Soe. Qu. 
.1. ix. 25). According to Seiglo (.T. pr. Chem, Ixix. 144), it is iiIho slightly solublo 
in ililute acids, but less in acetic than in hydrochloric or nitric acid. Care nmst 
therefore bo taken that the liquid, from which the sulphate of barium is procn’pitatcd, 
does not contain too much free acid; and it must be washed with pure, not with 
acidulated water. 

Barium may also be estimated as carlionnte; but tho method is less Bccurnto 
than that just described, because carbonate of barium is not completely insohiblo in 
water, 

4. Atomic Weight of JBariMw.— Tho m«>st exact estimations of this number Imvo 
been made by determining tho amount of chloride of silver obtained by pre<4pi tilting 
pure chloride of barium wdth nitrate of silver. In this manner Marignac (ilnn. 
f'hem. Pharm. Ixviii. 216), operating on chloride of barium purified by wiishiiig with 
alcohol, recrystallisation from water, and drying at a low red heat, found, os a mean 
‘ f six closely agreeing experiments, that 1 pt. of silver corresponds to O'96806 pt. of 
ikL'Cl. Hence, the atomic weight of silver being 108, we have ; 

Atomic weight of Ba'Cl ■» 0*96365 x 108 104*07 

Whence deducting . Cl . . a* 86*5 0 

There remains . . Ba . . •» 68*67 

1 n 1 iko manner the atomic weight of momdomic liarium was cstimatod by B o r s o hi ii « 
(S hw. J. XX. 1014) at 68*40, and by Pelousse (Compt. rend. xx. 1047) at 68’66. 

l^iHtly, Dumas (Ann. Ch. Phys. j3] Iv. 129), by numerous iX|iorinients iniido with 
chhiriile of barium, carefully purifitxl and fused in a stream of h^'drochloric acid gas, 
h.»K (ihtained results varying between tho limiW 68*47 and C8’56 ; mean value 68*5, 
Of for efintomic barium, Ba ■■ 137. 

Tho atomic weight of borinm has Hkowise been estimated fri>m the amount of 
^tiiphate produced from a given weight of chloride ; but the results do not appear to 
ht* HO trustworthy as those obtained dj the method above described. 

5. Separation of Barium/rom other metait, — The precipitation of biiriwn 
by sulphuric acid affords the means of separating it from all other elements excepting 
stnmtlntn, ealcium and lead. From strontium and calcium it may bo separated by 
hydrofluosilicic acid, which throws down a eiystaliine precipitate of silicc^oride ot 
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bHrium B.V F^.SiF*. This precipibite is somewhat soluble in water, but the separation 
maybe rendered complete by adding alcohol and wanning the liquid: from dilute 
solutions it takes some time to settle down. It must be collectt^d on a weighed filter 
drietl at a moderate heat, and weighed. 100 pts. of it corresp<iiid to 40 0*1 of bariunl 
and 64*73 of baryta. For other methods of sopanition, see Calcjum and Stroktivm, 

The separation of lead from barium is easily effected by sulphydric acid, which pre- 
cipitates the lead as sulphide. 

Bik&ZirMf FXiVORZHB of. Ba'F*. — Obtained by neutmlising huryt-i-watiT 
with hydrofluoric acid, hy digesting the recently precipitate Girbonate in that acid, t r 
by decomposing uitriite of barium with fluoride of potassium or sodium. It is a 
powder, or, when obUiinod by evaiwmting the acid solution, a granular crystailino 
cnist. It is insoluble in water, but dissoh'es easily in nitric, hydrochloric, or liytlm- 
fluoric acid. 

Fluoride of barium unites with the fluorides of boron and silicon, forming rhe con»- 
* jKDUTjds and J3a"F“.Sil\ The latter ia nearly insoluble in water, and 

serves for tho separation of barium from strontium arid calcium, p, 602 (see Iloim. 
i LuokiDEs and yiiacoFi.roitinB.s). It also forms a ci*ystallino compound with chloride 
of barium, which is produced on mixing a solution of fliujrido of potasshirn 

or fluoride of sodium with chlorido of barium. This compound is more soluble tlmn 
tlio fluoride itself, and remains as a granular nruiss when the solution is evaporjit{f(l. 

BikRZTnM, ZonzBZS OF. Ba^P. — Formed when hydriodic acid gas is y^nssid 
over baryta at a red heat, the combination being aitondcil with pn^duction of light. 
Protosulphide of bariiirn dissolved in water is mixed with a Siitunited alcoholic 
solution of iodine [iodine without the alcohol miglit bo preferable], as long as a pre- 
cipitate of sulphur is formed ; the colourless filtrate i.s boiled rapidly — so as to prevent 
the action of tJic air — almost to dryne.s.s; tlie mass is dissolved in a small quantity of 
water, and filtered quickly ; and the filtrate is evaporated to dryness in us short a 
space of time as possible in a glass bolt-head. (0. Henry.) 

On retlis.solving the mass in hot water and leaving the solution to cool, the hydrated 
salt (Tvstallisos in slender deliquescent needles containing, according to Croft (Chem. 
Oaz. 1866, p. 126), Ba'T^7Ji’‘*0 ; they dissolve readily in alcoln^. Ib atod out of 
contact with the air, they leave the aiibydrous salt, which is not decomposed by heat 
in a close vossrl, but iii contact with the air, decomposes slow'Iy at ordinary tempeni- 
tures and quickly when heated, giving off vapours of iodine and leaving baryta. 

BiUtZlTMy OZZDZI8 OF. Barium forms two oxides, a protoxide, BaO, and a 
dioxido or peroxido, BiiO“ ; the first produced by the direct oxidation of the metal, or 
by heating certain of its salts ; tho second, by heating tho protoxide to dull redness in 
contact with excess of oxygon. 

PaoTOXiDK OF Barium, or Baryta, Ba"0, Ba^tyies, Terra ponderosa, Terre 
pieante, Schwererde , — Barium oxidises rtipidly in the air, even at onlinary tern* 
peratures, and when heated, burns with a dark-retl light and is completely converted 
into anhydrous baryta. This oxide is however more readily obtained by igniting the 
nitrate or avrbonato of barium. 

Preparation, — 1. Nitrate of barium is heated in a porcelain crucible, or better in a 
porcelain retort, till it is completely decomposed, and no nioi*o rtni vapour or free 
oxygen is given off. The heat shoukl be moderate at first, because the nitrate fuses 
and fi*oth8 very much; but towards the end of the process, it must be raised to bright 
redness. If the heat is too long continued, the baiyts is apt to absorb carbonic acid 
and oxygen from the fire. 

It is not convenient to use a platinum crucible in this process, because baryta attacks 
plutimim rather strongly at high temperatures, and if a Cornish or Hessian crucHdo 
be used, the baryta ^eomes contaminated with silica, alumina, oxide of iron, aiul 
other matters deriviMi from the crucible. A porcelain vessel is attacked in the same 
manner, though less strongly, and the baiyta prepared in it always contains small 
quantities of alumina and silica. This contamination, and likewise the inconvenience 
arising from the frothing of the mass, may be obviat^ in some cases by mixing the 
nitrate with rather more than its own weight of pounded sulphate of barium (heavy 
Hpar). Such a mixture does not fuse, and may therefore bo heated in an earthen 
crucible without attacking it (Mohr, Ann. Ch. Pharm. xxrii. 27)- This process is 
very convenient when the baryta is to be used for purposes for which tho presence of 
the sulphate is not objectionable, as for preparing baryki-water or the hydrate. 

2. On the small scale^ baryta may bo conveniently prep;ired by igniting the iodatc 
of barium, which readily gives up all its iodine and $ of its oxygen without fusion or 
frothing I*0*Bn *« BaO + 1*0*). — 3. Carbonate^ of barium exposed to the ationgast 
heat of a foige-fire is converted into baryta (Abich), and at an ordinary white heat, 
when mixed with of its weight of lamp-black or charcoal, and made into a tbich 
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rastc with oil ; the mixture should be heated in an earthen crucible lined with lamp* 
black, and baring n close-fltting cover. Baryta is prepared by this process on the large 
(K<a]e from Withorite, to be used in separating ciy^stallised su^ar from molasses 
(Lcplay and Dubrunfaut, Sill. Am. J. 12] xvi. 276). Baryta is also prepared on 
the farg® scale by igniting a mixture of the carbonates of biirium and calcium in a 
current of aqueous vapour. (Jacquelain, Compt. rend, xxxli. 877.) 

Properties. — Grcyish-whit^ friable mass, of specific gravity 4*7 (Kars ten) ; 6 ’54* 
(Filhol). It is strongly alkaline, caustic^ and poisonous. It melts only at the 
strongest heat of a forge-fire, or in the fiarae of the oxyhydrogen blowpipe, forming a 
it-ad-grey slag. It is a non-conductor of electricity, but may' be decomixised by the 
clkdric current, with the inten'ention of mercury, yielding barium and oxygen (p. 660). 
rotasaium deoxidises it at a red heat. Heated in vapour of sulphide of carbon, it forms 
carbonate and sulphide of barium : 

3Ba''0 + CS* COW + 2Bii"S. 

With water it forms a hydmto (see lielow). It unites wilh alcohol and woiid- 
ttpirit, forming the compounds Ba-0.2C“1I*‘0 and Bh^ 0.2('II^O. It disHolroK reiulily 
in <lihite nitric and hydrochloric acid, and in some otlmr acids; with many iicids> 
it forms insohihlo salts. When vapour of sulplniric anhydride is passwl over baryta, 
Invited to low rediu'ss in a glass tube, combination tivkes place attended with iiican- 
deseence, and sulphate of barium, SO*B.i^, is produced. 

OxiDK OF Barium and Hydrookn; Hydratk of Barium, Ba"H*0* or 
B{i"'().Il*(). Hydrate of Mart/ta, Caustio Ban/ta, Hydrated oAdde of Barium. — Formed 
liytlie action of water on anhydimis baiyta (Ba^O + H*0 « Ba' II-'O^). When anhy- 
baryta is sprinkled M'ith w'atcr, the hydration taki*s place, will i great evolution of 
licjit and expansion of volume. Anhydrous baryta also rapidly absorbs water from the 
air. The hydrate is usually prepared by heating a solution of sulphide of barium (ob- 
tained by igniting the native sulphate with coal or eliarcoal) with oxide of copper, till 
a filtered portion of the liquid give.s a whiti^ instead of ii black precipitate with leivd- 
salts. — Another mode of preparation is to decompose the nitrate o/ barium with 
ranstic soda. A solution of soda of specific gravity 1*10 to 1*15, whose strength has 
previously determined, is mixi^d with an equivalent quantity of finely poundetl 
iiitrati‘of barium, the liquid being kept in astute of ebullition, and water being added 
from time to time in small jx)rtionH to facilitate the solution of tho nitrate; and when 
tlie wliolc is dis.solved, the boiling liquid is rapidly filtered, if necessary, through a 
t‘oid«*d filter into a bottle which can be well closca. On cooling, it deposits an abundant 
crop of crystals of tho hydrate, which maybe freed from the mother-liquor by draining. 

• •r better by means of a centrifugal machine. Tho crystals retain but a very small 
Cjiiantity of nitrate, and may be freed from it by reerystallisation. Chloride of barium 
may also be used in this preparation, instead of the nitrate, but the presence of snmll 
rptantiticM of chloride of sodium in the product is more likely to ho nctriinenfal in the 
use uf the baryta, than that of the nitrate. (Mohr, Anb. Tliarm. | 2] Ixxxviii. 38.) 

Ilydrato of barium crystallises from its aqueous solution in transparent, colourless, 
four or six sided prisms with four-sided summits. They contain 8 at, water: Ba'TI“G‘^ 
8H*0 ; dissolve in 20 pts. of water at C. and in 2 pts. of boiling water. The 
•'Uluoous solution. Baryta-water, has a strong alkaline reaction, is highly ciiustic, and 
r:ipidly absorbs carbonic acid from tho air, forming a film of carlionato on the surface. 

The crystals are efflorescent, and in vacuo over oil of vitriol give off J of their water 
of crystallisation, leaving Ba''lI*0*.II*O. At 100° C. they molt, giving off 1 at. water, 
and at a red heat the remainder of tho water of crystallisation is given off, leaving 
tho pure hydrate (Bloxam, Chom. Srjc. Qu. J. xiii. 49). This, when heated 

alone, is not reduced to anhydrous bar^tii below a red heat, but when heated in a 
stream of carbonic anhydride it is easily converted into carbonate of barium, with 
elimination of water: » 

Ba"H*0* + CO* - CO*Bb'' + H*0. 

Heated in a current of air, it takes up oxygen and is converted into peroxide of 
barium, also with elimination of water. (Boussingault.) 

Ba"H*0» + O - BaO* + H»0, 

Hydrate of barium is extensively iisecl as a chemical reagent, vis. for the estimation 
<*f ^rbonic acid, for precipitating metallic oxides, and especially for separating mag** 
nesia from the alkalis. 

Frrpxii>* of Babivm, BaO*. — ^Produced hy heating anhydrous baiyla 
or hydrate of barium to low redness in a current of pure oxygen, or of air free 
from carbonic tunH, Pore anhydrous baiyta absorbs oxygen with facility; the liy- 
dmie readily, because it melts at the temperature reciuirod for the absorption': 
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Mie absorption may however be rendered rapid by mixing the hydrate of barium 

iiine and magnesia in suffieient quantity to prevent fusion, ajid keying the maea 
porous state, so that the oxygen may penetrate it thoroughly. Peroxide of baring 
may also be produced by sprinkling red-hot baryta with four times its weight aF 
pounded cliJonite of potassium in successive small portions. Chloride of potassfumi 
formed at the same time, and on wasliing out this salt with water, the peroxide 
remains in tlie form of a hydrate. 

Peroxide of barium is a grey powder, somewhat more fbsible than anhydrous barvtn 
At a strong red heat, it evolves oxygen and is converted into baiprta, and when vaSyut 
of water is passed over it at a rod heat, it likewise gives up half its oxygen and is cod. 
rerted into hydrate of barium. The^ absorption of oxygen by hydmte of barium at a 
red henti and its subsequent evolution when the resulting peroxide is heated in a 
stream of aqueous vapour, has been proposed by (Boussingault, Ann, Cb, Phya, 
[f3] XXX. 6) as a means of extracting oxygen from the air by a continuous process. 
jffyJratv of barium mixed with h*;ne and magnesia, as above described, is heated in a 
porceltifn tube through which a current of air previously freed from carbonic acid is 
drawm by an aspirator : and as soon as the conversion of the hydrate into peroxide is 
complete, the current of air is stopped, the tompcnituro is raised, and vapour of water 
is passed through the tube as long as oxj'gen confcijiuos to be given off. Anhydrous 
baryta may also be used instead of the hydrate, being first converted into peroxide ns 
al>r>v’e, and tlio peroxide then d(»composed by heating it to bright redness without 
passing aqueous vapour over it : but the tc^mperaturo required for this decomposition 
IS much liigher ; and moreover if tlio baryta contains small quantities of silica and 
alumina, wliicli is often the case, it cakes into a veiy hard mass after frequent exposure 
to a high temperature, and will then no longer absorb oxygen with facility. 

Peroxide of barium is readily decomposed by carbon, phospliorus, sulphur, hy- 
(Irt)gcn, and the mtd.ds, at a rod heat, and by siilphydric acid at ordinary temperatures. 
Heated over a largo spirit-lainji in a rapid ciirrcntof carbonic oxide, it becomes white- 
hot, and at tho saiiie time small white flames burst out from its surfiice, probably 
arising from tlie evolution of oxygen from the still iindecom|XJsed peroxide. A similar 
but iiioro bi’iiliant appearaneo is presented W'hon the peroxide is heated in sulphui'ous 
uiiliydride (W uhler, Ann. Ch. Fharm. Ixxxviii. 12d). In eontaet with strong sulphuric 
acid, it gives off oxygen at ordinary temperatures or when gently heated. If the tem- 
perature of tlie mixture docs not exceed 50^ or 60® (\, part of the oxygen is evolved 
111 tlie form of ozone; but above 70® C., notliing but ordinary oxygen is evolved. 

Peroxifle of barium thrown into water diffuses itself through tho liquid and forms a 
hydrate, probably containing IJaO'-.Gri'O. Tho same hydrato is precipibvtod in crys- 
tuUino scales when pcroxule of hydrogen is added to strong baryta-water; it is 
slightly soluble in cold water, but decoiiiposis at the boiling heat, yielding free oxygen 
and hydrate of biiriuiii. 

Hotli the anhydrous peroxide and tho liydrato dissolve in excess of water acididated 
with hydrochloric, acid, fonning chloride of barium and pero.xido of hydrogen, without 
evolution of oxygem: JiaO* + 2IIC1 = BaCF + ll-0~. When the peroxide is mixed 
with acidulated water in presence of oxide of silver, peroxide of manganese, peroxide 
of load, &c., oxygon is evolvod, both from the peroxide of barium and from tho other 
oxide, so that the peroxide of barium hero acts as a reducing agent (see C^hjoiical 
Affinity and Pkkoxiuk of Hydrogen), Oxide, chloride, sulphate, or carbonate of 
silver, intiwhiced into an acid solution of peroxide of barium, is partly reduced to 
metallic silver, tho quantity thus reduced being, however, always less than that whicll 
is equivalent to half tho oxygen in tho peroxide of barium (BaO.O). Tlio quantity 
reduced increases with the amount of silver-salt present, and diminishes as tiie tem- 
perature is higher. A small quantity of tho silver-compound, or of any siniiliw sub- 
stance, is capable of decomposing a laige quantity of peroxide of barium. Iodine, on 
tho other hand, decomposes an c.\actly equivalent quantity : BuO* + P «■ Bal* -I- O*. 
(Brodie, Phil. Trans. 1850, 759.) 

SAJlZVMv OXTOnr-SjUTB Ol”* The general characters and reactions are 
deserilied at p. 502. For the special descriptions, see the several Acids. 

SA»IVM, OJLT8inb9KlX>8S OF. A solution of sulphide of barium in 
ing water, left'to stand in a close vessel, first deposits ciy'stals of hydrate of barium, 
nnd tho liquid decanto<i therefrom yields scaly crystals, whoso compositifm is nearly 
expressed by the formula Ba^S*0*.58H-0, and afterwards granular crystals, consisting 
of Ba*SO.10H^O. A moderately concentrated solution of the sulphide deposits, aft^ 
about two months, laipfo transpircnt tabular crystals, having tho form of a hexagonal 
dodecahedron, with truncated summits, and ©mtaining Ba^S*0.28H*0 or Ba0.10H*0 
-h 3(HhB.6H*0) (H. Kosg). These oxysulphides are very easily decomposible, being 
resolved by hot water into hydrate and sulphydrate of barium, of which, perfaapa. 
they are merely mixtures. 
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jU ffT WHg. nKOSVMHDS 0^« BaP*? — When vapour of phosphonu iig ]pR8scK! 
1 '<*r ml-hot baryta, a browniah-red mixture of phosphide and phosphate of barium is 
liMained, commonly called pho^phuret qf baryta, the reacttoti perhaps taking^place in 
The manner represented by the equation ; 

8BaO + 12P - 5BaP* + P*0«Ba*. 

It is decomposed by water, forming a solution of hypophosphito of barium, and 
^rt ving off a mixture of spontaneously inflammable phosphorotted hydrogen gas and 
In e hydrogen. 

BAStrUUKf aBBBXncz>S OF* Ba^'Se. — Produced by exposing selenite of l>arium 
lt> a Tv*\ h«*at ill contact with hydrtjgen gas or finely divided charcoal (lamn-blnck). 
It is 8«iUihle in water, but decomposes at the same time, like the nionosulphiuo, yield- 
ing hydnite of barium, and a higher solonido of barium, tho solution of whieli is de* 
coinptswl by acids, with evolution of selenhydric acid nnd precipitation of sclouium. 

BAJtXVW, StFBPKXBBS OF. The protosulpfiide, Ba"8, is obtiiined by 
passing sulphydric acid or vapour of sulphide of C4irl>on over ro<l-hot baryta. 
,.r bv reducing pulverised 8ul})hate of barium in a stream of hydrogen or carburottod 
liVih-ogen. Either of tlic.se processes yields a veiy pure product; but for preparation 
nil tlu* Iai*ger scale, the native sulpliate of barium is lioatcd to bright redness with 
rurlKUiaccuua matter. If charcoal is used, it must bo thoroughly well incorporated 
with the heavy spar, otherwise tlie rpiluction will be imperfect, us no fusion takes 
place. Tho admixture of resin, oil, or stiircli is advantageous, to bind tlie mass toge- 
tln-r and produce partial fusion; but a mneh better method is to mix the jiowdered 
sulphate with about i of its weight of bituiniiious coal, and lu>ut the mixture in a 
crueihlo to full redness for an Iiour ; the Isiiry mattef of the coal then penetrates 
thoroughly into tlic mass, so that every particle of the sulphate comes well in contact 
witli the reducing matter. 

The mass thus obtained consists of sulphide of barium mixed witli excess of car- 
Ixiniieeous matter and undecoinposed sulphate; tlie sulpliidu of harium maybe ex- 
tracted by treating the mass with a sufficient quantity of hot water, and crystallised. 
Another method is l-o ignite a mixture of 100 pts. heavy spar, 200 eominon salt, and 
1.') j*tH. charcoal pow'der in a reverlicruttiry furiiiiee, nnd extract the siilphido of barium 
ly liot water. The use of the cliloride of smlium is to promote ftision. (Kuceinski, 
Jleperlory of Patent Inventions, 1835, p. 151.) 

Puiv Hul]ilude of barium is a white mass, having a hepatic odour and alkaline taste, 
aini I'asily soluble in water. Exposed to the air, it absorbs water and carbonic acid, 
aii<l is converted into carbonate, wdth evolution of sulphurotted hydrogen. When 
heated in the air, it oxidises but slowly, but w'hen heated to redness in an atmosphere 
<»f arpicoiis vapour, it is converted into sulphate of barium, with cliiriinatioM of liydro^’U. 

Sidphide of barium dissolved in water is easily decomposed by lioiling with oxide of 
rnj,j)tr, oxide of iron, d'c., forming hydrate of barium and sulphide of copper, &rC. 
Jif^driK^fdoric, nitric, carltonic acid, decoin iK)se it, eliminating sufiiljim*tted hydrogen, 
iind forming chloride, nitrate, &c. of bnriuiTi. Chlorine, bronnne and nx/zw/' <leconiiK»Kt» 
if , with formation of the corresponding salts anzl dcjiosition of sulphur. Sulphide of 
barium is indeed the material most gctn^rally used for preparing tlio other cotiipounda 
of harium. 

A mixture) of lUilphide of barium with the sulphate, such as is obtained by igniting 
fho sulphate with an insufficient quantity of carbonaceous matter (gum-tragocanth 
.•niHwcrs well, because it fi>rm« a paste 'with the heavy ^ar), acquires by exis^sure to 
*h.' sun's rays tho property of shining in the dork: it is called the ISdognian phoe* 
phorus, 

With water, protosulphide of barium forms hydrate and sulphydrate of bariums 

2Ba"S + 211*0 - Ba"II*0* + Ba"HW. ‘ 

The quantity thus decomposed varies with the quantity and temperature of tho 
water. When crude sulphide of barium, i^repared by igniting tho sulphate with 
carltonaeoous matter, is treated nine times in succession -w'lth a quantity of cold 
water less than sufficient to dissolve the whole, the mass being digest^Ml for twenty- 
fi'ur hours each time in a closed vessel, the first two srdiitions obtaintwl are of * 
palo yellow colour; yield a large quantity of sulphurcttiHl hydrogen snd a pte- 
‘ipitate of sulphur, when treated wdlh Ijyurochloric arid; and form with chloride 
< i manganese, a flesh-coloured precipitate of sulptiide of manganese mix^ with frw 
t'ulpliur, sulphuretted hydrogen Doing likewise evolvinl: hence these Sf>Iiitions contain 
bulphydrate of barium (BaH*S*) together with a polysulphidc of barium. The third 
wdution behaves like a solution of protosulphide of barium containing a slight excess 
of sulphuretted hydrogen. Tho fourtli is of the same character, but contains a 
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slight excess of haiyfca. This excess goes on contmually increasing in the fifth, sixtK 
and serenth solutions: and the eighth and ninth behave like pure baijta-irater 
yielding with chloride of manganese a white precipitate of ma^anous oxide. If the 
crude sulphide is at once treated with a quantity of water sufficient to dissolve the 
whole of the sulphide, the solution exhibits the characters of the pure pretosulphide: 
it may however be a mixture of hydrate and sulphydrate of barium (see the above 
equation), A solution of sulphide of barium in not too large a quantity of water, 
kept for some years in a stoppered bottle, deposits, first crystals of hydrate of barium, 
then scales which are a mixture of crystallised hydrate of barium and the hydratt*d 
protosulphide (Bi"S.3ir‘*0), and afterwards double six-sided pyramids containing the 
same substances, but much richer in sulphide of barium. The mother-liquor boiled 
■down in a retort, evolves a continuous current of sulphuretted hydrogen, and on cooling 
deposits hydrated sul[>hido of barium in the form of a white powder, while sulphide of 
barium and h^'drogeii remains in solution. 

Ht/dratfd Sitfphide of Barium^ Ba^.3H*0, is a white powder, which soon turns 
yellow. When treated at once with a quantity of w'ater sufficient to dissolve it 
perfectly, it yields a solution which when mixed with a manganous salt, yields a pre- 
cipitate of sulphide of manganese (Mn^S) without evolution of sulplinretted hydrogen; 
but a smaller quantify of water extracts sulphydrate of barium and leaves hydrate of 
1>arium undissolved. 

Sulphydrate of Barium^ Ba"H=S* or Bii'B.TPS. — Ibiryta-watcr, or proto- 
s«lphi(fo of barium reduced to a paste with water, and warmed, is saturated with 
siilphydric acid, tho solution evaporated apirt from tlie air, and cmiltMl, when crystals 
of harytii and yellow prisms are formed. The remaitiing liquid is either evaporated 
ill a confined space, when white oj^iaque prisms are obtained, or mixed with alcohol, 
filtered from tlie sulphur and hyposulphite of barium produced by air contained in 
the alcohol, and cooled down to — 10®C. ; in this way, colourless and transparent 
four- sided prisms are prexiuced. Also w'hen baryta or either of its liydratetl com- 
pounds is tillow'od to crystallise, together with sulphide of barium, from an aqueous 
solution of protosulphide of barium, by evaporation in a retort and cooling, and tho 
residual liquid (which is of a 3 *cllowjsh colour, from the air not being perfectly 
excluded) fui thor evaporated and cooled, it solidifies to a cr 3 'stalliiio mass of sulphy- 
drate of barium (Tl. Kose). The cr 3 ' 8 tals contain writer, which they lose when 
heated, bceonniig white at the same time. When exposed to the air, tlicy effloresce 
and turn white, while hyposulphite and sulphate of barium are formed. In a retort, 
they lose their water of cr 3 ’’stalIiBation without fusing, and then evolve sulph 3 'dric 
acid as the tonn>crature approaches redness, leaving dark yellow protesulphide of 
barium, which becomo.s white as it cools. An aqueous solution pi*ecipitates chloride 
of manganese, with escape of sul ph3’drie acid gas (Berzelius, Pogg. Ann. vi .441). The 
salt, when boiled, evolves sulphydric acid. With iodine, it forms io<lide of barium and 
free hydriodic acid, sulphur being set free. It is insoluble in alcohol. (H. Kose.) 

2'risulphidc of Barium, BaS*, is said to be obtained, together with sulphate, by 
Igniting 8 pts. of baryta with 6 pts. of sulphur, 1*78 pts. of the sulphur volatilising 
during the process. On treating the product witli water, tho trisulpbide dissolves, 
and 2*8 pts. of sulphate of barium remain behind (Vauquelin). When the 
moistened trisiilphide is heated to redness and vapour of water is passed over it, sul- 
phuretted hydrogen is given off, and sulphate of barium is formed. (Gay-Lussac.) 

Bentasulphide of Barium., BaS*, is obtained in solution, by boiling the proto- 
sulphide or the sulphydrate with sulphur (H. Kose); also, together with hyposulphite 
of barium, by boiling baryta-water with sulphur. The solution is yellow, bitter, 
alkaline and caustic; leaves a pale yellow amorphous mass when evaporated in vacuo; 
and is decomposed by exposure to the air, with deposition of sulphur and formation of 
hyposulphite of barium. 

BAlUbBT. See Cbsbals. 

maJtlTKAAATZTau A sulphide of copper and iron, 2Ca*aFe'S* containing 
traces of silver, found in a mine in Bamhardt's Land, and other localities in Koiih 
Carolina. Bronze-yellow, with metallic lustre, sometimes dull and opapue. Fracture 
conchofdal ; no cleavage. Specific gravity 4*521. Hardness 3*5. Brittle. 
greyish-black, somewhat shining. Tarnishes in the air, especially in contact wHh 
moisture, ac<^uiring a brown or rose-red colour. Before the blowpipe, it gives the 
reactions of iron uud copper. (Genth. J. pr, Chem. Ixiv. 468.) 

BAmOCA&CXTS. Syn. with BARYTOCAUCim 

aXAMOUTS. Syn. with Withrritk. 

aASOmnu (fi<^s weight and M^v/ior measure). The barometer is an inslfa'- 
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ment onit>l*>y<^ ^ measure the pressure or weight of the atmosphere. It consists essen* 
tiallv of a contimious body of iicfuid, generally inercnry, ft'om one part of the upper 
jiiirliicc of which oU pressure is removed, while the atmosphere still presses upon the 
remainder of the surface. It is a law of hydrosUitics that, in a heavy fluid, the pressure 
at all points in a horizontal plane must be uniform, in order that there may ^ equi- 
librium. The surface of the niercuiy cannot, then, remain in one plane, as it does 
wlicn the atmosphere presses equally on every part, but it must rise where protected 
from the atmosphere, until the pressure of the portion thus rising exactly balances 
aiul replaces the pressure of the atmosphere. Thus in fig. 92, the sm^face of mer- 
furv on which the atmosphere prt'ssos is at A, and the glass tul'te a «. having been 
iH-rfcotlv emptied of air and every other fluid, the mercury has risen to b, so that tlie 
luiicular cohinm of mercury a b exerts a pi*essure at the horizontal plane a, ej^actly 
to the pressure of the atmosphere at a, 

N«)W supposing mercuiy to be Hlwa3's of one specific gravity, the length of the 
V.{iniiiu*tric column will be exactl}" pmportional to the way hi or pressure oJ the atmo- 
hphere, and thus a length expressed in inches or parts of a metre becomes a convenient 
fxprossion for a w'eight. It is well, however, to boar in mind the n^al pressures indi- 
cated, which are easily determined, as in the following example : — 


29*872 inches = mean heiglit of barometric column for noon at Greenwich. 
13*568 =-• specific gravity of mercury at 60® F. 

907*137 oz. avoirdupois = weight of one cubic foot of water at 02® F*. 


29*872 V 13*568 x 997*137 

12 X 12 X 12 


233*879 oz. 


14*617 lbs. the average atmo- 


Pplii-ric pressure for noon at Greenwich on every square superficial inch. 


Barometer at 28 inclios 

,, ,, 29 ,, 

» » 30 „ 

»» n 31 ,, 


Atmospheric pressure 1370 pounds 
i» »» 14*19 „ 

,, ,, 14*68 ,, 

tt n 16*17 •* 


NVlicn any other liquid, is UHcd, the height of tho btirometric column will be in- 
us the specific gravity. Thus the height of a column of water corresponding 

to 29 872 inehea of mercury at 60® F. is 29*872 x 405*3 inches or 33*77 feet; 

13*568 

similarly* a column of sulphuric acid would stand 29*872 x or 219 inches high. 

A full lu'ccmiit of a water barometer const rncted for tlio Royal Society by ProfoKSor 
Ibuiioll will }h* found in Phil. Trans, exxii. (1832), 539. 

Gunstrxtction of THU Barometer. — All that is necessary to construct a barometer is 
to a glass tuV>e about tliree feet along at one end, to fill it pc*i*fectly with mercury, 
HTid imtting tho finger over tlie o|>cn end, to invert tho tube into a vessel of mertmry. 

* hi withdrawing tl»e finger, the m<*rciiriHl column descends a few inches, and ameasui'o 
h' lnpr applied, tlic height of fhe column remaining is found. But to attain accuracy, 
jjTroat preciiuli»jn.s are required at every step. 

If anj* air remain in the tube, by adhering to the glass, it will rise into the space 
ftlxive the mercury, and its pressure, partly counteracting that of tho atmosphere, will 
depress the barometric column, Most of the air may be got out by sliaking the 
mercury in the tube, but some will certainly rem.'iin, to oliininate wliich, the tube 
nnist Ilf VKiilcd as follows : — Fill <»nly about six inches of the tube with mercury, and 
gnidnally heat it over a strong flume or a charcoal firo until the mercury has boiled 
tor a few moments. At the same time, heat another portion of mercuiy, that it may 
not crack the hot tube, and with it fill a few inches more of the tube. Flxpm tlna 
new part chiefly to the flame until it Ijoils, and thus proceed, alternately pouring in n 
httle mercuiy and then boiling, until tho tube is almost full. It would be well tp 
anneal the tube, if a large one, while cooling, to prevent fracture. When colA AB it 
entirely with mercury’', already boiled, and invert, with ^eat precautions, to prevent 
entrance of air. Any kind of dirt entering also will prove very detrimental, and tlie 
*«W, in the first place, before sealing, should be thoroughly sponged out with whiting 
and spirits of wine. 

The mercmiy used must be perfectly pure, otherwise it will be thick, slu^sh, end 
as well as somewhat Calse in specific gravity. To purify it, agitate with diluted 
nitric acid or sulphuric acid, and keep it under the acid, if possible, for a week or more, 
afTfnrards washing with firesh acid and distilled water. Carefully distilled roerouiy 

pun? enough, except that the dissolved oxide of mercury must be wjmovcd by treat* 
^^h sulphuretted hydrogen water, or dilate sulphide of ammoniom. 

Aiany forms of the barometef hare beesn contrived since its first disooveiy by Totvi- 
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eelli; but, except in rendering the instrument poHable and ?nalt©rable^ no 
meiit has over, or perhaps can evnr be made on the original simple forn^ i* 
most perfect barometer existing, the Grout Standard at the Kew Observatorv ^ ” 
tionod further bn, is also the most simple that could be imagined. ™ 

We shall, therefore, content ouraelres witli describing those forms of the bamm 
which can be recommended to the observer of the present daj for their Hccuiucy^ 
oonrenience, ^ 


Fips. 88—93. 



In Jiff, 88 is shown the Portable Standaro BAUoxniTER. as first invented by Fortin 
of Paris, and now made, amongst others, by Negretti and Zanibra of Hatton Garden, 
London, at a cost of eight guineas. 

Tlie barometiT tube liiis an internal diameter of *39 or *40 inch, and the air is per- 
fectly driven out by the usual pi’ocesa of Iwiling. The cistern (,/if/. 89) is composed 
partly of a glass cylinder o, of boxwood sides ami top, wand w', and of a leatlier bag, i-i 
the bottom of which can be raised or lowered by the finger-serew, s. The whole is, 
of coui'sc, hold together by a brass casing, and tlic barometer tube, I lie lower end of 
which is contracted, is connected with the cijstern by a leather joint at m. 

To make an observation of this barometer, the lower sorfaeo of the mercuiy must 
first bo adjusted so as just to touch the ivory fiducial point p (.%. 89), by tmming 
the screw s. The raoinont of exact contact may be very amimbdy obsen'ed, if the 
inereury be properly clean and bright, by watching when the ivory point and its 
rtdlection just meet; if the mercury be even of an inch too low, light wiU 
appear between the jioint and mercury; while, if too high, a small depression, 
instantly detected by reflected light, will bo caused in tho mercurial surface by the 
ivory point 

Next^ the upper surtace of the lucrciirlal column is obsor\’ed bv adjusting tlie low^ 
edge of a moveable brjiss cylinder, so tliat it shall visually be the tangent to, that is 
shall just touch, the curved surface of the mcreuiy. To avoid the error of parallax, 
the line of vision must bo exactly horizontal. The scale of inches, with the assistanco 
of the vernier engraved on the moveable cylinder, then gives the actual height of 
column, autject to index error, within tlie part of an inch. But the observer, wifii 
^ little practice, will soon discriminate the part by the naked ej'e. 

A BaroiwUr shou/d never be carried about in its ordJna^'y upright posiUvut ft* 




|iif. colnmn, being delicately balanced against the weight of the air, will bfi 

foiina to vil)r:ite, or a« it is stud, to pump rapidly up and down when the barometer 
puttt rs »nv verticrtl diaturl>anc^ Not only might bubbles of air adhering to the lower 
luirt of the tulx? be thus carried up, but the mercury violently striking the aeuled 
Mild vacuous end, might sliatter a tube that was not very strong. To render this 
}*arometer portable, the handscrew at a must be screwed up, and tU© instrument 
jjt.nHy inclined at the same time, until the mei*cury fUla the whole of the tube, and 
ulhttpAt the whole of the cistern ; it is then to be inverted and kept or carried about as 
lu nrly as possible in this ix>sition until again safely suspended. A board and bracket, 
not slu>wii in the figwes, accoinxiuny this barometer, as also an arrangement of 
flii-ec wrews, by which it may be scoured motionless in the vertical position, which it 
ct' course assumes when free. Such a baixmicter is very suitable and quite good enough 
I'or a laboratory, or for a series of ineteorologLeal observations. It is the form of barb- 
lucter most esteemed on tlic Continent. 

Of MorNTA-iN BAUoMisTEns, which require to be far more portable and secure from 
iu't'ideiit than that above described, the be-t is Gaiy-Lnssao’s form (see Ann. do 
Chimic, 1816, i. 113), as improved by Bunten, and drawn injuf. 90 from an instru- 
ment by Negretti and Zjimbrj^ Its tube is in the form of a syphon, of which the 
j.iirts i> K and F a have an uniform diameter of *2 inch, while the part s p is a capil- 
lary tube, with a bore of about *06 inch. The end of the tnl>6 at o is sealed, but a 
and somewhat sunken hole is pierced about an inch below the end, so that air 
iiK«y ]>ass freely in or out, but not the mcrcuiy. At b is a pipette or air trap, sliown 
«.n a larger scale in Juj, 91, contrived by Bunten, so that even if air pass up the tube 
i; K, it. will collect at k, since it is scarcely possible that it sliould find its way through 
|!ic capillary communication (H,/y. 91) into the npjx^r part of the tube. 

'1 i»o tube is lot^sely packed in a brass tube-caw, through two slits in which tlio 
jiiul lower surface of the mercury may be observed in the sumo manner as the 
itp].er surface in the Fortin barometer. There are two divided scales. l)otli 9 inches 
ami measured from the lowest point of the lower scale, and the dilfcnMico of the 
rr;itbiigrt is the height of the barometric column. The verniers read to the of 
?iii inch. 

Nk.wmax’.s •Staxoaiio Bauoxiwteu i.s ■well known, and has long been relied upon in 
>t!ier count rii-s as well us this. The tube has a diameter of '6 or *6 incli, and stands 
in a plain eyliiulrical gla.ss cistern. The graduiittnl scale is of brass, aflSBcd to u brass 
ri**l i^assing down the inside of one of the upright sujiports, and terminating below in 
:t 4onle:il ivory j) 0 int, •which by an endless screw and wheel is veiy accurately ad- 
.in^li .l to e«»n<act with the mercury. In this respect the construction is superior to 
that of the Fortin barometer, boeanso the mercury when raised or lowered, as in the 
r. may not at once assume its true |) 08 ition, owing to adhesion. Mr. Newman luis 
ji'liiptfd a method of filling his baronu'ter- tubes in vacuo, and of boiling them under 
diminished |tressure, which obviates all oxidation and finding of the lubes. 

I’jiK (JmiAT Stanuako Bauomktku of the Kew OliHcrvatory, constructed by the 
i.ite Mr. Welsh, has a tube I’l inch in b^ire, and os it was found impossible to fill so 
lury:e a tube satisfactorily in the ordinary way, the following excellent inotliod was 
ioUipted: — To the up)»er end of the baronjcter tube A ii 9.3) was nttached a 
<iipil!ury tube a n k f, much coiifnwted at i>, •with a small bulb at e, drawn out at p 
t*' a line |K.»int, and lierineticalJy sealed. To the lower end of the largo tube was 
attached 10 inches of a smaller tube d c o, having a bore of 0-3 inch, and to that 
cuaiu WHS added about 6 inches of capillary tube o h. A bulb of 2 of an inch was 
bhkwn at o, and the small tube finally bent into a syphon form lit B, The end H of 
tlif capillary tube was now connected with a gwd air'X)unix^, and the air very slowly 
« xtracf^ il, at the same time tliat the whole tube was strongly hcaU^d by passing a 
1 trge spirit flame along it. When the air had been as well us possible extracted, and 
^vJiilst the pump was still in action and the heat still applied, the capillary tube a u 
'v.-iw scah'd at i by a blowpipe flame. When the tube liad cooled, it was filuced at h 
Ma.-ill inclination with the end F in perfectly pure mercury, which had been previously 
lj"ile<l, and the X'oint being broken olT, the mercury rose until the bulb at o was mora 
flmn half filloil. The point f was then again sealed, the CHpillair tube remaining 
(put.* fiiltHl with mercuiy. When the glai»s at f had cooled, the whole tul^ was in- 
V. vlv fh the mercury now Bex>Rratiiig at the contracted part ii, leaving the bibe fri>m d 
•» F filh^h or very nearly so, and from d to a perfectly vacuous. The operation was 
eompletwl by scaling the tube at K, removing the portion x nn f, placing the bend b 
barometer, and breaking off the tube o o at the point C. 

• J finally adopted at Kew, is perfectly free from air in the portion 8, which 
inches long; it ia mounted in an open brass frame (Jh, 92), adjusted to veiti- 
i:aiity hy screws at s ; at c o' arc two steel rods, the first terminati^ below in a conieat 
poto^ the seeond in a knife-edge^ and both adjusted so as just to touch the suHhee oC 
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the mercnrj in the The height of the Tncrc||^ column in' tlm; 

by a cathotometer placed five feet off, the telescopi^ife of which ia hM WBVntttdj 
to hiaoct a mark on the head of the roda c or a\ ana to form a tangent to the meiciiriu 
surface at b. The difference of the readings on the divided scale of the cathetometer, 
added to' the known length (3*615 for c) between the point and end of the steel nod, 
and the mark on its head, gives the actual length of the barometric oolnmn. The 
cistern of this barometer stands 33*9 feet above the mean sea-leveL (PtuL t^rans, 
[1856J p.607.) . 

A very interesting account of the construction of the Boyal Socie^s Standard 
barometer by Daniell, will Iw found in his Meteorological Eways, p. 863. See also 
Mr. Baily’s Description of a New Barometer, PhiL Trans, cuvii. 431 ; and Hudson, 
Phil. Trans. [1832J p. 675. 

We will now consider the precautions and corrections necessary in obtaining the true 
atmospheric pressure with exactness. 

Correction for Capacity. — It is obvious that in proixtrtion as the barometer 
staiuls higher, so much more mercury there must be in the tube, and consequentlv so 
mueli less in the oist»?ni. We shoiihl not then get the true variations in the length of 
the mercurial column, by noticing the top of the column only, since the liase of the 
column also varies, and u correction must obviously be made for the amount of the 
variation. 

This correction, indeed, is not required in any of the barometers above descrilail, 
because observations or adjustments arc made both at the upjjer and lower 8urfacc‘B 
of mercury. But in many other barometera, tho scale is inea-siired truly from 
the lower surface of tlie mercury, only when tho column is at one particular heiglit, 
called the neutraljMnt, usually determined by tlie barometer-maker, and marked on 
the instrument. Wlicn tho column is higher or lower than this iwint, the inoreuiy' in 
the cistern must be lower or higher in a pi-oiiortion depending on tlie sectional areas 
* of the tube and cistern. If 7/ tie tlie height of tho neutral point, and h the observed 
height of tho barometer, the correction for <*apacity is 


diameter of tube 
diameter of cistern 


\\h-H) 


In tho marine baroniet(‘r adopted by tlic Board of Traile, this correction is actually 
performed iqKin the ilivided scale, so that the inch divisions are almut | less than 
r<)al inches. In any syphon haronietcr. like that of Clay-Lussiu', in which both legs 
are of ctiual diameter, the covroction for capacity is made by doubling tho variations 
in height of one suifacis and Gay-Lussac recommends this mcthcKi when great nu^ety 
is not required; but ineasurcmcuta of both surfaces are evidently necessary for 
certainty, 

CoiiBECTioN FOR Temperaturb. — Tiic length of the barometric column is propor- 
tional to tho pressure whioli it has to measure only so long as the specifio gravity of 
meniury is constant. Now mercury expands yTj^ of its own volume when its 
temjjerature rises one degnie (Fuhr,), and its density of course varies inversely. Hence 
all resxliitgs of the barometer must be redncctl to what they would be at one uniform 
temperutnre, that of 32^ Fahr., when the Sfwific gravity becomes 13-60. The brass 
scale by which the height is moasurrd also expands by heat, and is only of the standard 
length when at a tein|icruiui*eof 62° F. (for the Englisli yar<l). 

To uBcertnin the teinperaturo of the barometer, a thennemeter is always attached. 
This should be placed half way up the barometer tube, >vith the bulb close to the tube, 
and well covered up from the atmosphere. The barometer should be placed in a 
room of whicli the temperature changes as little and as alouly as possible. 

If h be the observed height of the barometer, and t its tcmperatui*o in degrees Fahr., 
the height reduced to 32° F. is 

. - -OOOlOOKf - 32) - *000010434(<- 62) 

^ 1 + *0001001(^-32) 

tmt it is quite exact enough to subtract (or add if f bo less than 29° Fahr.) the fol- 
lowing correction : 

A I (f - 32)(*0001) - (f - 62)(*00001 ) I 

The reader will obaierce that the athic^ not the linear, expansion of mercuty is used 
in these formuhe, for It is on the cubic expansion that the specific gravity denmidSk 

The correction is most conveniently obtained, however, mm a table encii ill tiist 
oh the 'following page, which applies to barometers with Aross tcales^ extendiog fieom 
the cistekn to rae top of the mercurial column. 
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TUb for tkt 3flJ^p«ra<Hr0-«0rroeben of tAo Banmutor, 



R| 

»-o 

Inch, 

39*6 

inch. 

aoo 

inch. 

30*5 

Incili. 

Temp. 

OF. 

28-5 

Incli. 

29-0 

inch. 

19-6 

Inch. 

80-0 

Inch, 

SO-3 

inch. 

31 

*006 

*007 

*0<V 

•007 

•007 

61 

•083 

•084 

•086 

•087 

•rao 



•009 

•009 

•009 

•010 

62 

*(•85 

•087 

•0«8 

•090 

•091 

Jr 

*013 

-013 

•013 

•013 

•013 

63 

•088 

•089 

•091 

*093 

•0f»4 

34 

•014 

•014 

•015 

•015 

•OtA 

64 

•090 

•093 

•094 

•095 

•007 

33 

*017 

*0!7 

•017 

•018 

•018 

65 

*093 

*0!)5 

•096 

*096 

•100 

as 

*019 

*020 

*020 

•020 

•021 

66 

•096 

•097 

•099 

•101 

•102 

‘X! 

-032 

•OK 

•0*>2 

•023 

•033 

67 

•098 

•100 

•Its 

•lOI 

•105 

33 

*031 

•OSA 

•035 

•026 

•026 

68 

•lOl 

•102 

•104 

•106 

•108 

39 

•027 

•037 

•O^JS 

•028 

•039 

G9 

•103 

•lav 

•KV 

•109 

•no 

40 

•020 

•030 

•030 

•081 

•031 

70 

•)t)6 

•108 

•109 

•1)1 

•113 

41 

•033 

•033 

033 

■<34 

•034 

71 

•lOH 

•no 

•118 

•J14 

•116 

42 

•(»4 

•<•35 

•(KtG 

•036 

•037 

73 

•III 

•113 

•115 

•117 

•119 

43 


•o;w 

■033 

•039 

•040 

73 

•113 

•115 

•117 

‘li9 

•121 

44 

•C4fl 

•040 

•041 

04‘i 

•042 

74 

•116 

•118 

•1*20 

•122 

.1*24 


•013 

•043 

•044 

•014 

•045 

75 

•118 

•120 

•122 

•125 

•137 

44i 

•04 A 

•045 

‘046 

‘047 

•048 

76 

•12) 

•123 

•125 

•127 

•1-29 

47 

•0<7 

•04M 

•049 

•OAO 

•OAl 

77 

•123 

•126 

•128 

•130 

‘132 

43 

•oso 

•OAl 

•053 

! *052 

•f'A3 

78 


•128 

•ISO 

•133 

•135 

ej 

•053 

•OA3 

•0.54 

•055 

■056 

79 

•128 

■131 

•138 

'•ISA 

•137 

AO 

•OAA 

•Ojfi 

•057 

•058 

•059 

80 

•131 

•133 

•136 

•138 

■140 

.Al 

•057 

•053 

•059 

■060 

•061 

81 

•1.34 

■136 

•138 

•141 

•143 

i A2 

•(KM 

•101 

•(K>3 

•063 

•064 

82 

*136 

‘138 

*141 

*143 

•146 

M 

•0<»3 

•<64 

•065 

066 

•<67 

83 

•139 

‘141 

•148 

-H6 

•148 

At 

■O^'S 

•fKO 

•067 

•068 

•070 

84 

•HI 

‘IN 

•148 

•149 

•151 

.'»A 

■003 

! -(XTO 

•070 

•071 

•072 

85 

*144 

•146 

•149 

•151 

•154 

AO 

•070 

071 

•(»73 

•074 

•075 

86 

•146 

•149 

•151 

•1.54 

I'C 

A7 

*fi7.*» 

•074 

•07 A 

•0-6 

•078 

87 

•149 

1 'lAl 

•154 

•157 

•1.59 

A3 

•07A 

•I'T? 

•07« 

•079 

•081 

88 

•151 

•154 

•157 

•|59 

•163 

V* 

073 

*079 

1 -OKO 

•082 

•0H3 

89 

•|54 

•156 

•159 

•163 

•165 

j GO 

•USU 

•0M2 

•083 

‘085 

■086 

90 

•15C 

1 ‘159 

*102 

•164 

•167 


The full tables, as originally calculated by Prof. ScliumacJier (Jahrbuch fur 1837, 
Awtron. Nach. t. ii.), will be found in the "Boport of the Committee of tho Boyal 
SocMcty on Physics,’* 1840, Tho Admiralty “Manual of Scientific Knquiry,’* and m<Sst 
works on Physics ftod Mctoorulogy, also contain tables, often slightly differing from 
tvtch other. 

To obtain an approximate correction, -multiply tho number of inches in the heisht of 
tho n‘acling by tho number of degrees Fahr. ubovo 32*^, and subtract *0001 in^ for 
every unit of the result. Tho folio-wing data are useful. 


Coefficient of tho cubic expansion ofi 
mercury > 

(log. l OOOlOOl » 0 0000436) ) 

For 1® Fahr, 

•OOOlOOl 

For 1 9 Centigrade. 

•00018018 

Coefficient of the linear expansion > 
of brass > 

•00000966 

00001722 

Coefficient of tho linear expansion) 
of brass adopted by Schumacher ) 

0000106 

*0000188 

Coefficient of the linear expansion) 
of glass. ( 

'0000048 

*0000086 


The last most bo employed instead of the coefficient of brass, when tho scale is 
e ngraved on the glass barometer tube, as often occurs on the Continent. Tables for 
glass metro scales and centigrade degrees, will be found in Bunsen’s Gasomotiy, 
translated by Hoscoo. 

Trb Cafcllabt Drpkession of the mercurial column is a formidable obstacle to the 
nttaintnent of accuracy when the tube is small bore. For this reason, important 
standard barometers, like that of Kew, have a large tube in which the capillary de« 
pression is inaimreriable. 

The cause of the depression is, that the particles of the merenty have a much 
stinger attraction for each other than for the glass ; a slight resultant attrsetjon thus 
tending to draw each particle towards the general mass of mercury. The form 
^hich the surfhee of the mercury assumes is spheroidal; the highest point of the 
^rfsee is to be always taken, in adjusting the ed^ of the vernier for an observation. 

To avoid any error finom the capillary depression, it is far the best way tocomparatlM 
barometer with an undoubted standard barometer in which the capillary depression is 
tn^precialde. The eoRuction ibr eapUhmtv ts then mei^ed into that for inden enm^ 














If this he of ihe barometer tnbe mnst hf^lileettAliied ftnm 

barometer mak^^ otherwise, and the eoirection then taken from the folbwing tft% 
which is tiie adopted for the purpose in England. ' 



Add to the rending for 


Unboiled tiibei. Bolted tubes. 


0*60 inch. 
060 „ 


0'004 inch. 
0007 „ 
0010 „ 
0014 „ 
0020 „ 


0.002 inch. 
0*003 ,i 


Dlnineter 
of tube. 


0*30 inch. 
0*25 


Add to^he reading UHt 

■ 

Unboiled tubes. I BoUedJia 


0*028 inch. 
0*040 „ 

0*060 „ 
0*088 „ 
0*142 „ i 


Continental observers have attempted to attain greater accuracy by making , 
height of the meniscus or curved surmce of the mercury an argument in the oorrmi<i]|^^ 
M- Delcrps has calculated an elaborate table on this principle of which a pait^is herd 


Height of the meniscus in millimetres. 


Bore of the tube. 
Millimetres. 



For the full tables and for a very elaborate description of the jmneipat «||gidiud 
barometers on the continent, the determination of their moan differences, and the 
errors to which barometers aro subject, the reader should consult a p;ij>cr by Bravais 
and Martins in Nouv. M6in. de TAcad. Roy. de Bruxelles xir. 31 (1^41) ; see abo 
I)ove, Repertorium der Physik, i. 37. 

The capillary depression of the barometric column has been investigated mathe- 
matically by Mr. Ivory in the Philosophical Magaaine and Annals for 1828, vol. iii. 
p, 1. [This reference is usually wrongly given to the Philosophical Transactions.] 

* This correction ig considered unnecessary to the Gay-Lussac, or any other syphon 
barometer, in which the two surfaces of mercury are of equal extent, and therefore 
subject to equfid capilliiry action. But we think that the adhesion of the idbneiny in. 
the lower limb of the Gay-Lussac tube, being much increased by the presence'of air 
and dust, is liable to cause inaccuracy unless carefully attended to. 

The Index Ebboa is properly the error in the length of brass rod or scale ex- 
^tsnding between the two surmcos of mercury. Such error may usually be consid^d 
uniform for all parts of the divided scale, which is accurately divided by a machine, 
and the error probably arises, if at all, from the wrong a^'ustment of the ivory fiducial 
point. 

But the index error, as usually doterminecl by comparison with a standard barometer, 
comprises the capillary depression before mentioned, as well as any minute errors from 
impurity in the mercury, from imperfect vacuum in the upper part of the tube, error 
of the attached thermometer, and so on. Comparison with a standard, in sho^ secures 
the final accuracy of the result, and no observer of the present day who desires to be 
considered trustworthy should use an uncompared barometer. The purchaser of a 
barometer for scientific purposes should insist on receiving with it an authentic c^* 
ficate of its index error from comparison with the Greenwich, Kew, or Royal SoCie^ 
Standard. The best barometer makers, Negretti and Zambra, Newman of 
' Street, or Barrow of Oxendeu Street, the latter the maker to the British Meteoiologieal 
Society, will readily procure such a certificate. Of course a fresh eompcurisoii is neess* 


column is «t vazioiis heights, and both rising and falling. The reading of each han^ 
meter are to be friUy and carefully correct^ for temperature, according to ifei awit 






Um vkMiD difBam^of 

I ^ ^ .til. -vr^V J.t^_ 


index «im of the one beiometor, ia ibe ii^dn^ei^ ^ the 
the nnifoniiily of the readings, the ohierver may jV** 
character of the instramenta. ^ With good iikatruuiei 



omiiltOrw 

111 obaerreri tl>4| 



iBg$rf$rr 6om —0*009 to —0*020, with a meah ieiw of -0*0U, apaVt from the 
j^Ssned eapiUary depression *008 inch, making the* whole correction + *022 inch, 

" Xieated according to the formulm of the calculus of probabilities, the prohabh error 
of this determination from the mean of twcifty observations is rather less than *0015 
inch. /flaiiTning the Greenwich standard to be absolutely correct, this proljablo error 
of *0015 inch is the only source of error which would not be dliniiiiated by. a proper 
use of the instrument, and in the taking of a number of observations, as is always the 
esse in meteorology. 

It is curious that a barometer maker, named Asjiier-Perricat, of Paris, as long ago as 
1802, practised and advocated the method of ensuring the accuracy of barometers by 
' eompmison. (4.8sisr*Perricat, Nouveau Trait<i sur I’lnvontion des Barometres, elc^ 
, It is impprtanr to be able cosily to detect the presence of any air which might by 
"accident gel^to the upper part of the barometer tube, whemit would falsi^ the reading 
by a minute direct pressure, and probably also by increasing the citpilHuy action. Thera 
happens to he a ready and perfect tost as follows : — Incline the barometer so that the 
mercury may run up and strike the scaled end of the tube ; if the sound be sharp and 
metallic, repeat the experiment several times, each time more gently. If the least 
truce of air TO present, the sound will at last become soft and puffy ; if, on the con- 
trary, the vacuum be perfect, the sound will always remain beautifully clear and 
distinctly metallic. 

If air be thus detected, nneover and examine the end of the tube, to see how large 
a bubble remains when the barometer is laid flat. Also invert the instrument and tap 
it, 08 sharoly as is safe, near the bubble, whlgj^ may sometimes be thus dislodged and 
eliminate<£ We do not think that a minuTO quantity of air can sensibly affeot the 
reading of the barometer for ordinary purposes, but if there bo moil^ the instrument 
rhus^cef^inly be disused until refilled by the maker. If important observations have 
bceinnade with a barometer containing air, they may be corrected, if the baromotor bo 
compared with a true one befbro its condition is altered. The simple 'difEbrence of 
readings will he an approximate correction, but the exact correction is 

- ^i) 

fj(A — hi) -r ^aCAj — A)' 

111 which ^2 and Cg are the errors of the readings A| and at diffbrsht points of the 
scale, as determined by comparison, and h is the reading to bo corrected. 

If we sapposo a bubble of air of A of an inch diameter at the-il-tmospherie prosi^ 
to entest the vacnous space of the Fortin barometer, described "above, tho depressing 
effect OB the mercurial column may, by a simple calculution, bo sbovn not to exceed 
To^ of an inch, apart, however, from any influence on the capillarity, a point probably 
of much greater importance than the dii^t effect. 

.DuUROnONS FOB TAKIIfO AX OBSBRTATIOir OF THB BaBOXBTBB. 

1. Read and record the attached thermometer, making a eoixection for index error 
if necessary (see ^brkoicbtbb). 

2. A^ust the mercury bebw to exact contact with the fldueial point. 

3. Sillily tap the tube near the upper end of the column, and acUust the edge of 

the vernier to exact tangential contact, the line of vision being horisontaL ^ » 

4. Record the reading and work out the correct height os soon as convenient sfrer- 
^wls, as shown in the following example, which comprises all the corrections ever 
required : — 


Attached thermometer 
Keutzal point 
Capacity 

XHameter of the tube . 
Index error to K. O. 
Stnadird (apart from 
mq^Qlarify) 


58*3 F. 
28*861 

$incli 

—*014 inch 

%L 2 


Barometer reading . • 

Omrection for eop^t^ • 

„ „ Mpillwify 

„ H temperatufe 

„ „ indtt error 


80*004 

-*080 

-014 


Tme heigltt of the barometer 291110 



Wlien mwMipfiMoaB of oneyMi^nieeer Mre to be made, mneb labour wiO bt 
saved bj^^inizig aSl these corebC^oDS into h special table, one rsfeience to whi^k 
furnish^ the requim eonectioir. In important observations or compai^iifi^ the ad* 
justments and vernier read^gs should be made with a pocket lens. 

It is much to be desired ti^t the E^lisfa should adopt the metre scale for the bolo- 
meter, which is used all over C^tinept; but although this may at once be done ia 
chemical matters, it seems alm^t impossible at present in meteorology. For the eauy 
reduction of the barometer scale from millimetres mto English inches and vtee versi, 
W6 ^ve tho foUowing tables. NegrettFs portable barometer may be had^with both 
millimetre and inch scales attached. 


Mlllf. 

metr«f. 

Inchei. 

Milli- 

metres. 

Inches. 

ui 

Inches. 

700 

27-660 

751 

29-667 

762 

m\.u\m\ 

705 

27*760 

762 

29*607 

763 

30*040 

710 



29*646 

764 


715 

28*150 

764 

29*685 

766 

30*119 

720 

28*347 

755 

29*725 

766 

30*158 

^5 

28*544 

766 

29*764 

767 

30*197 


28*741 

767 

29*804 

768 


735 

28*938 

768 

29*843 

769 


740 

29*134 

769 

29*882 

770 


746 

29*331 


29*922 

771 

30*355 

760 

« 

29*523 

761 

29*961 

772 

30*384 


1 

millimetre 

= 0*03937 inch 

1 

inch = 

26*39954 millimetres 

0*1 

tf 

« 0*00394 „ 

01 

»t 
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Uses of thUi Barometeb.— The chemist requires to know the atmospheric pres* 
sure when very accurate weiglungs are made of light bodies, in onler that the weight 
of tJiC air they displace may bo allowed for. On this subject, see Bessel’s formal® in 
the article Sracirio Gbayity. Secondly, gases are usually weighed or measured, sub- 
ject to the atmospheric pressure, and vary directly in density and inversely in volume 
with the pressure. Hence the atmospheric pressure must always be oliserv^ at the 
moment, in order that the weight or measure may be redupcd, by a simple calculation, to 
^what it wouW bo at some standard pressure, which in England is 30*000 inches and 

on the Continent 760 millimetres or 29 922 inches. Now x 100 « 100^61 

or 100 cubic inches of gas at the English standard pressure are equal to 100*^1 cubic 
inches at the French standard pressure. It happens, however, that the EngSb' adopt 
60® F. and tho French 32® F., as tho standard temperatures in those matters, and 
allowing for the expansion of mercury between these points, 29*922 inches become 
30*006. Hence the true equivalent volume on the continental standard for 100 cubic 

inches of gas at 30*000 inch, 60® F., is x 100 » 99*98 cubic inches, the difien* 

ence being so trifling that it may almost always be neglected. - ^ 

Determination op Altituhes. — Since the barometer measures the weiglfl|^^< the * 
superincumbent air, tlie higher wo rise in the atmosphere the lower the baromet^must 
stand. At the surface of the earth, the barometer changes nearly *001 incli for effCTT 
foot in the change of altitude ; but more exactly, the change of elevation ooBespond- 
ing to *001 inch of the barometer, is : — 


At temperature of 30® , 

»» It tt ^6® • 

»* >i »i 60® , 

» II ft 60® . 

ff If It 70® , 

»» It ti 30® • 


0*865 foot ' . 
0*883 „ 
0*900 „ 
0*918 „ 
0*936 „ 
0*954 


The diflbrmiea of lavd ( * 
ing formtiln : 

* .. 6084S-7 » j 


X feet) of two barometers may be calculate by th e follow* 
1 + 0-002837 cos21at. I K |l + log| 













in which li niid » •» the rimnUaiNOW teBreeti£ .heli^te j^ihe hM pt ^ 
hiaher and lower etaticjiiB, end T, t the iinmheM Bab. ahotfff^ at whi^ 

tto thermometere atand. (Biot, TraiU de 1 . 100.) 
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In meteorological obaeiTations, it is necessary to know the height of the barometer 
abore the mean sea level, and to reduce the averse results to that level accordingly, in 
order that they may be comparable with observations made at other places, and r^uoed 
in a similar manner. 

Mbtbosolooy. — T he chief use of the barometer is of course in meteorology, since 
changes of pressure in the atmosphere are the immediate cause of aU winds. These 
changes are extremely complicated and interesting : for besides the irregular fluetua* 
tions7 ^d extraordinary disturbances during storms, there is an average cliange, ac- 
cording to the season, and a semidiurnal oscillation, probably due^ to a kind of 
atmospheric tide, caused by the expansion of the atmosphere, where it is heated by' 
the sun's rays (Phil. Mag. [4] xvii. 313). In keeping a register of the barometer, i% 
aliould be observed every day at 9 a. ic., the time of the daily maximum, and at jy?. sc., 
the time of daily minimum, or else at noon, when the pressure is near mean£ 

Tiio nightly maximum is about 9 p.h., the nightly mininum about 4 A.ic. Almost 
every climate, however, is characterised by special laws of barometric fluctuation. 

Anshoid Babomsteb. (o, priv. tnjpast liquid). — The essential {>art of this beautifld^ 
iustrunient is a small round metal box, exhausted of air, and with a thin circularly 
tluted lid, which the weight of the atmosphere more or less tends to psiss in. 
complicated system of levers, causes an index, revolving over a dial, to mark the ^ 
slightest movements of this metal lid. (Vidi, Compt. rend, xxiv, 273; Belv^*a 
Manual of the Mercurial and Aneroid Barometers.) 

Bol'bdun’s Metallio Barometbb also consists of a vacuous meisl'box, but it is ia 
the form of a flat tube bent almost into a circle. The two ends of the tube approaeb 
or recede as tlie atmospheric pressure increases or diminishes. 

These metallic barometers are veiy sensitive and excellent as weather glasses, and 
they should be carried at sea or on exploring expeditions as a last resource in case the 
riicri’urial barometers, as often happens, become disordered. But they affiird im indei* 
|x>iulunt measure of pressure, and are so mjacli affected by variations of tempesature as 
u> be unsuitable for sclentiflc use. The Witer, however, has used an aneroid baro- ^ 
jiuter with some success, and obtained an approximate correction for temperatura by 
simply warming the instrument on various occasions, and noting the average .change 
of reading («= *0063 inch per degree F.) thus caused. An adjusting semv will Dir 
found at the buck of the auosoid barometer, by which its reading vay be madf toi . 
agree at some one point and temperature with that of a mercurial barometer. ^ ^ 

For la description of Macworth's ** Underground barometer,'* Bee Ur^ s 
of ArUt Mant^aciures, and Mines, i. 255.) J. 

SAJULAJIa The resinous incrustation in the wounds made in flr-treex ^ 

aAJUiOWZTa. A silicate of calcium and aluminium found near the river 
sowka in the Ural, in compact white masses or fine-grained aggrogationa, having a 
distinct ricavage in one direction. The granular variety has a faint mother-of-pearl 
lustre 1 the compact variety is dull and translucent on the odnes. Sp. gr. 3*740 to 
2753.: .Hardnees 5*5 to 6*0. Before the blowpipe, it melts with diiflcalty to a toms- 
fled gbism on the edges : with borax, slowly and quietly to a transparent colourless 
glass ; likewise with phosphorus-salt, with separation of silica, the gUm bscom^nff 
opalescent on cooling if the proportion of the mineral is considerable. With an equal 
weight 6i 4 ^bonate of sodium, it melts to a tumefied glass, which with a laigtt 
quantity of Aoda, becomes snow-white and infbsible. With solution of cobalt, ^ it 
becomes blue on ignition. The powder is easily decompos^ by hydrochlorie add, 
forming a thick Jelly. According toVarrentri^pp's analysis, it contains 3{2Ca"0J%0’). 
(4AlH>>.SiO*), a small quantity of the lime being replaced by ma gn esia , (Handw, 
d. Chem. 2** Aufl. ii. 679.) 

BAJBWQ02B or C ASKVOOIt. A red dye-wood, the colouring matter of whU 
ap()ean to be identical with santolin (Preisser nnd Oirardin, Ann. Ch. Phami. lii 
^76.) See also Urdi JHcHonary of Arts, Manu/acturss and MtnsSf L 255.) 

Bajutta. See Babivm, Oxzdbs of, 

M^MWTgg IMWMAOTAm. A mUtuie of aUmtequalpaiisofi^^ 

£ 1. 3 



518 BARYTO-CALCITB — iBASlLli; 

And fliiowpai^ ocifurringf on thn dsty lini6Bton0 of Dorbjrshir^ wlion it £)!iiii0.g 
about an inch thick 

SAJ»7TO->CAXCXTJB, Bn"Ca'(CO^)^ or BaO.CO* + CaO.CO*; a nunenil / owkI 
in CumberlADcl, of a slightly yellowiBh-brown tinge, translucent, with a waxy lustre 
and sp. gr, 3’66. It contains cavities whicii are lined with crystals haring the form of 
oblique rhombic prisms. The external surface is coated with sulphate of barium.-^ 
(Brooke, Ann. Phil, N.S. viii. 114.) 

The name baiyto-calcite was also given by Thomson to a laminated mineral ctoh 
taining 71*9 p. c. sulphate of barium and 28*1 sulphate of calcium, found between 
Leeds and Harrogate in Yorkshire ; also byJohnston to Alstonite, whii^ is of the 
same composition but different ciystalline form. 

BARTTO-CCBXBBTZar. This name is given to two minerals, both connsfing 
of sulphate of barium and sulphate of strontium (coelestin), one occurring near Ejngs* 
town m Canada, the other in the Binncnthal in Switzerland. The Swiss mineral forms 
orthorhombic crystals, containing, according to Walt crshau sen (Pogg. Ann. xciv. 
134) 87*8 p. c. sulphate of barium and 9-1 sulphate of strontium. The Canadian 
mineral occws in crystalline masses containing, according to Thomson, BaSr*.3S0^ 
Allied to this is a mineral from the chalk marl of Moen, containins 40 n c SrSO^* 
28*8 BaSOS 16*6 CaSO\ 18*6 CaCO« and 2*5 water. e • 

BXJL’rrOPBYXXXTS. Syn. with Chlobitoide. 

BikSJLXT. A rock of volcanic origin, occurring in amorphous masses, colnmuar, 
amygdaloidal, and^ vesicular. Its colours are greyish-black, ash-grey, and raven-black. 
Massive, with dull lustre and granular structure. Fracture uneven or conchoidal. 
Concretions columnar, globular, or tabular. It is opaque, yields to the knife, but is 
not easily frangible. Streak light ash-grey, Sp. gr. 3. Melts into a black glass and 
recovers its granular structure by slow cooling. It is found in beds and veins in 
^anite and mica slate, the old red sandstone, and coal formations. It is distri- 
buted over the whole world, and is met with in great variety in Scotland. 

The most remarkable variety of basalt is the columnar, which forms immense 
masses, composed of columns thirty, forty, or more feet in height, and of enormous 
thickness ; those at Fairhcad are two hundred and fifty feet high. These constitute 
some of the most astonishing scenes in nature, for the immensity and regularity of 
their parts* The co^sttof Antrim in Ireland, for the space of three miles in length, 
exhibits* a very uflii^iificent variety of columnar cliffs; and the Giant's Causeway 
consists of a point of that coast formed of similar columns, and projecting into the sea 
upon a descent for several hundred feet. These columns are, for the most part; 
hexagonal, and fit very accurately together; but most frequently do not adhere 
together, though water cannot penetrate between them. Another very remarkable 
formation of columnar basalt is the island of Staifa on the west coast of Scotland. 
Tlw most extensive moss of basalt yet observed is that discovered by Colonel Sykes 
in Deccan, where it occupies a surface of many thousand square miles. 

Basalt is not a mineral of definite constitution, but a mixti^ of several minerals, 
^(merally of labradoritc, augito, olivine, magnetic iron ore, and a zeolite. These 
minerals may howler be replaced by others, namely labradorite by other varieties of 
felspar, and augite by amphibole : the zeolitic portion also varies greatly in compo- 
sition. Some of the constituents of basalt viz. the olivine, the magnetic iron ore and 
the zeolite are decomposible by hydrochloric or sulphuric acid; the rest for the most 
part resist the action of acids ; but the analytical results obtained by this mode of 
treatment, ara not very definite, inasmuch as the action of the add varies with its 
stran^h, with the state of aggregation of the basalt, and with the nature of the 
inmvidual minerals of which it is composed. The constituents of basalt, are silica 
(about 60 per cent.) alumin^ protoxide of iron, lime, magnesia, potash, soda and 
watw, the proportions of which differ considerably in the several varieties of basalt; 
fis shown by tlie numerous analyses wliich have been made of it. 

Basalt when calcined and p^verised, is said to be a good substitute for pozzolana 
in the composition of mortar, giving it the property of Imrdening under water. Wine 
bottiM have likewise been manufactured with it, but there appears to be some niee^ 
t^uired in the management to ensure success. A mixture of 1 pt. basalt, 2 pta 
broken glass, 2 soda, 1 wood-ash, and ^ peroxide of manganese, has also bera used 
fyr mmilsr purposes. 

B X SAT iTOO KOBBTSUnraB usuallyoecan in opaque six -sided ci 7 BtBla,wliidi 
sometimes set on the magnetic needle. It is imbeaded in basalt or gnuwacks. 
Colour TslTet-blacIc. Lustre vitreous. Scratdies glass. Melts with difflcully to a Uaek 
glass. Gontaiiui 47 per cent silica, 26 alominiw S lime; 2 magnesia, 16 Ira; lad 0*6 



vBtoK It la Ibiiiid tn tbe bMalt of Artbiu^s Seat, in that of Fifesliirei and in the lolee 
of Hnllt Caan% £im <uid 'Skye; idoo in the basahie and fioets trape^ England, 
Xicland, Saxony, BoEemia, Silesia, BsiTaria, Hnngaiy, Spain, Italy, ana WtaaMm U. 

SjUMUrara. See Jaspeb. — BAA JLirOMSa^m. See Ilxkmitb. 

This term is the correlative of Acii>, and denotes the electropositive consti- 
tuent of a salt. Its siniification varies, however, to a certain extent, aooording to the 
view which is taken of the constitution of salts. In tlie dualistic qrstem, which re- 
salts as formed ^ the union of two binary compounds of the first order, 
sulphate of copper — CuO.SO*; sulpharsenato of potassium — 3K’®.Ae®S*: hydzo- 
clilorate of ammonia *■ NH* HCl ; nitrate of ethylamine — NH*(C*H*).HNO*, Ac. ; 
the base is the electro^aitive oidde, sulphide, selenide, or alkaloid, whi<m unites with 
the electronegative oxide, sulphide, Ac., or hydracid ; but in the unitary system, in 
which the salts of any acid are regarded as formed on tlie same type as the aoid (or 
hydrogen-salt) itself, the base must be understood as the metal or other eloctropositivs 
radicle by which the hydrogen of the acid is replaced : thus in the salts above-mmi* 
tioned, regarded as CuSO\ K'AsS*, NHHUl, NH*(C*H*).NO*, the bases are the radicles 
Cu, K, NH*, NIP(C*H*). (See Alkalis, Alkaloids, Ajunbs, Amxoniux-basbs, 
Oxides, Kadiclbs.) 

BABXCBBXmi. See Htdbocbritb. 

8ABZCXXT. The power of an acid to unite with one or more atoms of base. See 
Acids, p. 46. 

B ASZXiZGiJM, OZXi OV« The leaves of the Oci/mttm a plant belong* 

ing to the labiate order, yield by distillation with water, an essential oil, which after 
a while deposits prismatic CTystols, having the character and composition of hydrate 
of turpentine, (Dumas and Fdligot). The oil its^hoi not 

been examined. 

BABSZA BATZZ*OZiZA« The seeds of this plant, which grows on the Hima- 
hiyas, yield by pressure a yellowish oil, which gradually becomes colourless on expo- 
sure to light, has a faint odour, a density of 0*968, and a buttoiy consistence at 
ordiiiaiy himperatures ; melts at 27® to 30® 0. ; dissolves sparingly in anh^rous 
alcohol, marcely at all in spirit of ordinaiy strength, readily in ether. By saponifica- 
tion it yields, ^ides oleic acid and glycerin, two fatty acids, one which nos not been 
obtained pure, but appears to have the composition C**H*'0*; the other, originally 
supposed to be a peculiar acid, and called hassio add^ is idenncal^^ compositien and 
properties with stearic acid, C**H»*0*. (Hardwicke, Chem. So&^o. J. ii. 231.) 

BA880BZB* The principal constituent of Gummi hoBsorm^ G, Toritoneru^ or 
O. KuterOf a gum obtained from various species of acacia. This gum' contains only 
alfout 6'6 per cent, of matter soluble in water (arabin), while the larger proportion, 
which is the bassorin, merely swells up in water. (See Gum.) 

BABTABB CXiOVBB* Trifolium hybridum . — 100 pts. of the fimih flowering 
plant yield 2*44 pts. of ash ; 100 pts. of the diy plant 8*1 pts. of ash. The ash ^n- 
taius in 100 pts. 19*9 potash, 6*7 soda, 18*4 lime, 3*1 magnesia, 6*6 alumiiia (?), 3*9 
si'squioxide of iron, 1*8 protoxide of manganese (?), 36*1 silica, 1*4 sttJphurio anhydrideiM 
4*6 phosphoric anhydride, 0*6 chlorine. (Sprengel, J. pr. Chem. x. 66.) 

BA8TZTB. A mineral found at Basti in the Haxx, and forming imperfectly 
defined individual crystals' in teigrown with aerpentine. It cleaves very easily in one 
direction, less easily in another, making an angle of 67® with the flmt ; there axe also 
two imperfect cleavage-planes in the direction of the longitudinal^ and lotsoral faces. 
Fracture, uneven and splinteiy. Colour, leek to olive CTeen, passing into yidlow and 
V>rown. It has a metallic, glittering, nacreous lustre on the cleavage-mces ; ti«ni|]ncent 
on the edges. Specific gravity 2*6 to 2*8. Hardness 3*6 to 4*0. CKves off water when 
heated, and before the blowpipe becomes pinchbeck-brown and magnetfe; it then 
splinters, melting to a brown gpass on the edges. With borax and phosphetoe ialt» 

> t givM the reactions of iron and chromium, and with the hitter a akektott of iflicn. 

It IS imperfectly decomposed by hydrochloric, completely by sulphorio 00^ Its 
composition is nearly represented by the formula 4MgH*0* . 3(6^ or 
which, if the hydrogen M regarded aa basic, may be rsdneed to toe general form 
that is to say to the formula of an orthosilicHte M*8i0®. Hermann 
regards the mineral as mystallised serrontine somewhat altered in eompomtion by 
uuxture of foreign minerals; but its form indicates rather a xelatioa to the angito 
femily. (Handw. d. Chem. i 766.) 

BABVB. Qraham’s name for the metal or other sketcopoiitiTe coo et itae n t ai n 
••lt(BkMntaofClMaustqrt2nded.i 166). . 

X. L 4 



SATATJUl MnniB. Some^es called doMca cf J^aM 

poiato, a plant aaid to be indigenous in India, but extensivefy eultiyated in America, 
and Bometimes also in the south of Europe* The tubsTS resenible those of t&e potata 
hut have a sweeter taste. According to T, J. Herapath (Chem. 8oe, QiL J. iit 
194), tbejr contain, in the fresh state, d6'7 per cent water and other yoZstUe matter 
31*8 vegetable matter, and 1*5 inoz^anic matter. The ash contains in 100 pts. : ' 

(a.) SoluUe inf water, — S 7 CO\ 71 SO* 0*9 P*0^ 29*3 K*0, 12*4 KCa, and 11-4 

KaC]. 

(6.) Insolubie.^6-2 CO* 71 P*0». 12*0 CaO, 1*4 MgO, 1-3 Fe*0», 2*1 SiO* with 
traces of sulphuric acid and alumina. 

According to Henry (J. Fharm. xi. 223) the tubers contain in 100 pts. 13*3 starch, 
0*9 albumin, 3*3 sugar, 1*1 fat insoluble in ether, 6*8 woody fibre, 1*4 malic add, add 
phosphates, cliloride of potassium, &c., and 73*1 water, also 0*05 of a volatile poisonous 
matter. 

SATB. The heat communicated from lamps and fires is subject to variation from 
many circumstances ; and this variation not only influences the results of op^ations^ 
but often endangers the vessels, especially if they are made of glass. To obviate these 
sudden changes of temperature, and at the same time to afford means of observing and 
regulating the deg^ of heat imparted, the vessel containing the substance operated 
upon is immersed in another containing water, oU, fusible metal, air, or other medium, 
which receives the heat directly from the source. The sand-bath and water-bath are 
most commonly used, the latter for maintaining a substance for any length of time at 
the constant temperature of 100® C., the former for higher temperatures, particularly 
when the exact observation of the temperature is not an object. In usin^ the watei> 
bath, the vessel to be heated may, according to convenience, be either immersed in 
the water or so placed above the vessel that its lower surface may be in contact with 
the steam. A ready method of constructing a water-bath for small operations is to 
place the basin cont^ning the substance to be heated on the top of another of equal 
size, containing water and supported over a gas lamp. 

The temperature of the water- bath may be raised above 100® C., by dissolving certain 
salts in the water. A saturated solution of common salt boils at a temperature of 7®'5 C. 
or 13® 3 F., above the boiling point of water ; and by using a solution of chloride of 
calcium, a bath of any temperature between 100® and 125® C» or 212® and 252® F. 
miw be conveniently obtained. 

Liquid batlm of higher temperature are obtained by the use of linseed oil or fusible 
metal heated in cast-iron pots. The oil-bath may be used for temperatures up to about 
300® 0., but it is dirty, and exhales an extremely t^npleasant odour when strongly heated. 
Fusible metal is mu^ cleaner and more pleasant to use, but its weight is an incon- 


Eip, 94. Fip, 95. 
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tjeratore tium tW to irlixoli they eovld be expoied under the eordinaiy atmoepherlo 
The danger of eaplcwon attending this operation may be olmated by 
ending the sealed glaaa tube in a strong tube of wrought iron, having a majaive 
aci^w cap* 

The aar-bath is very convenient for many pnrpoaea, especially for desiccation. An 
air-bath may be extemporaneously .constructed by placing an empty basin over a lamp, 
and another basin containing the substance to be oiied on the top of it.' The upper 
vi^l IB then heated by the aor in the intervening space. A more convenient apparatus, 
which also serves to indicate the temperature, consists of a i^lindrical copper vwel a, 
iia, 94, the cover of which is movable and has two apertures, the middle serving for 
tiic escape of vapour and the lateral one for the insertion of the themomoter. The 
vessel to be heated rests on a ring within the box, supported by a tripod. A larger 
air-bath serving to heat several small vessels at once is represented in fig* 96. Air- 
baths are sometimes surrounded with a jacket to hold water or oil. V^en water is 
iistfii the teiriperature of course cannot ^ceed 100° C. When oil is used, the tempera- 
turo is indicated by a thermometer having its bulb immersed in the li(|uid. 

High-pressure baths , — The danger of explosion in heating volatile Uqoids in sealed 
tubes is greatly diminished, when the tubes are at the same time subjected to a pres- 
sure from without. This may be effected by enclosing the tube containing the volatils 
liquid in a wider glass tube containing a less volatile liquid, and likewise sealed ; the 
whole is then heated in an oil- or air-bath. In this manner, alooliol or ether n^y be 



iarted to 8600 &, the outer taho eontaudng oU of tatpentine (BerthelotV. . 

eecmity !■ oUeiued hr endonng the glaee tube in a Tmnwht iwn .tube , with » 
sersw-d^ or ly th# use of a Papin's digester, or better, by uie following afraraMs 
invented by PranklanMAnn. <Si. Pbarm. xcv, 30^ % 

A A (%. M) ie eii^oB evUnder 18| inchee tong, 8 iaAm inten^ d iey^ , 

I inch th^ in tte eide^aod wmW in one pieee bjr the eteam hammer. Tbie^Undar 


I steam hammiT. Thiscylioder 
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basa^MUsb, BB, Igincb broad, gincbthick, turned the 

having an internal annulus sunk ^th of an inch below the level of the eurrowidwg sm*. 
face. The cap C C, which is of tne same diameter and thickneas as tfae Hancb^kas a 
projecting face } inch deep which fits exactly into the mouth of the cylinder. Within this 
projection the cap is pierc^ with two apertureR» into one of which is fitted d casNijon tube 
d, 6 inches iong and g inch in extemal diameter, filled with mercmy and destined to 
receive a themidineter. The other aperture is bouched with brass, and serves as the 
bed of the safetj-valve, which consists of brass wire | inch thick, somewhat fiattened on 
two sides, and furnished with a head accuratelj ground to the surface of idle eap. The 
valve is lo|ified in the usual way with a lever / and weight a. The cap ana flanch 
are fastened together by four screw-bolts, which are inserted from below and tightened 
by a lever-key, and the pressure thus exerted acts upon a lead washer } inch ^ick, 
placed in the. annular depression of the flanch. In this manner the apparatus may be 
made capable of bearing a pressure of 100 atmospheres without allowing any escape 
of gas. The (T^lindcr A is about twivtbirds filled with water, and the glass tube con- 
the volatile liquid is enclosed in it. In this manner, tubes of considerable width 
niOT be heated without danger of explosion. 

The apparatus is heated in a gas-nirnace (fy. 97). A A A A is a massive frame of 
wrought-iron, within which is fixed a cylinder B B, cf tin plate, closed at bottom and 
open at top to receive the apparatus above described, c is a regulator for the admis- 
sion of air. The gas-bui*ner is a copper tube c, J inch wide and pierced with 18 or 
20 apertures. To prevent loss of heat by radiation, the whole apparatus is enclosed 
in a cylinder B' B', of polished t in plate, separated from the inner cylinder ^ a space 
about J an inch wide. The products of combustion escape by the apertures D D. 

An alloy of copper and zinc containing a larger proportion 
of zinc than ordinary brass, and usually prepared by melting brass with zinc. 

B ATRikCBlTB. A mineral found on the K{zomber|> in the Tyn>l, generally massive, 
with a granular structure, rarely crystalline. It contains according to C. Rammels- 
berg (Pogg. Ann. li. 466), 37'69 silica, 35*46 lime, 21*79 magnesia, 2*99 protoxide of 
iron, and 1*27 water. Colour vaiying from light greenish-grey, like that of a 
(fidrpaxot), to white; translucent with waxy lustre. Specific gravity 3*0 to 8*1. 
Hardness >= 5*0. Melts before the blowpipe, assuming a pale red colour with solution 
of cobalt ; is but slightly attacked by acids. The water appears to be unessential, 
and the composition of the mineral approaches to that of Monticellite. (Handw. d. Ghcm. 
ii. 767.) 

BATBAOBOXillXO ACZB. An acid said to be contained, together with stearic 
acid, glycerin, and a peculiar yellow fat, in the oil obtained by pressure from the 
epiploon of the water salamander. (Boss ig non, Compt. rend. xiii. 929.) ^ 

BAVBZSSBBZXa. A dense variety of magnesite containing silica, found near 
Baudissero in Piedmont. As the amount of water contained in it is very variable, 
F. V. Kobell and Neumann regard it os a compact hydromagnesite intimately mixed 
with silica. 


BAlTLZTBf or Krahlite , — ^A mineral found on the Krabla in Iceland, and likewise 
on the Baulabexg, either in short prismatic crystals belonging^to the triclinie or doubly 
oblic|U6 prismatic system, or in ciystallo-granular masses. Cleavage in two directions 
at nght angles to each other. Fracture uneven and conchoidal. Colourless, with 
glassy lustre; transparent or translucent. Specific gravity 2*6 to 2*7. Harness 6*6 
to 6*0. In the following table, a is the analysis of a specimen of baulite resembHiig 
pearlstone, from the Baulaberg, by Forchammer (Ann. Min. viii. 644)|^ is that of 
jjk CTystallo-granular variety of baulite, ejected by the volcano of Viti in Isllkiid, mixed 
with quartz-crystals and a black needle-shaped mineral, also by ForchhatfiiniSlI^ ^Psr- 
aelius’s Jahresb. xxiiL 261) : c is Genth’s analysis fJ. pr. Chem. Ixvi 93). 
lised baulite from the Krabla : 


SiO* A1*0* 

a. 74*38 18*78 

A 7&*6$ 11*67 

o.. 80*28 11*34 


Fo*0* FeO Mn*0* 
1*94 1*19 

0*63 

trace 


CaO MgO K*0 
0*85 0*58 2*63 

0*05 0*20 3*26 

1*46 trace 4*92 


Na*0 a, H*0 
3*67 O lfiT 2*08 
373 
2*26 


These analyses agree sufficiently well with the formula (M*0.8Si0*).(Al*0*.69iA^ 
whiehlti^ ^ ” 1^0 be reduced to (M"ai*)Si*0** or 2R«SiO«.7ai(F, the Ibrma^ 
of an orthosilicate with } at. silica ; but it is probable, as Bunsen sui^bees, that 
mineial ia intimately mixed with orthodase. the blowpifB, baulite ia 

in thin splinters ; with borax and phosphorus-salt it nelda ouHV glasses, a skiMdil 
of silica floating in the latter. It is insoluble in lurdsoduiirie Md« (Hwilv.4.C»Mt. 
ii. 768.) 






See SoiMiWi OHiximB of. 

SimumB* A gm^xeem of which there are two TarietieCi jfAiean and MUam, 
African hd^um ie derived, acoordi^ to Perrotet, from a ahnib indiflenoiui in Sene- 
ffambii^^e q/Hca»d (Guillem andPerr); Bahamodmukon 

(Arnott); (Adanson), belonging to the amjxedneeoiie order. It 

forms inegolar, traniducent maeeee, of a yellowishi radish, or brownish colour, accord*., 
ing to age; unctuoua to the touch, brittle, but soon softening, and growing tough 
between the fingers. Specific mvit^ 1*371. It has a bitterish taste, and nenoderatw 
strong balsamic odour, not unlike that of mjrrk. It does not easily take fire, ana 
when set on fire soon goes out : in burning it mves off a balsamic odour, and sputters 
a little, owing to the presence of moisture. Alcohol dissolves about | of it, forming a 
golden-yellow tincture, from which water throws down a yellowish-white resin, and 
nitric add a sulphur-yellow resin. Potash dissolves it eompete]^. ^y dry distillation 
it yields ammonia, together with other products. According to.Pclletier (Ann. Oh. 
Fhya [2] 38), it contains 69 per cent, resin, 9'2 gum, 30*6 vegetable nnwo^ and 

1-2 volatile oils (and lose). 

The resin is transparent, but becomes white and opaque by boiling with wato ; 
melts between 58^ and 60^ C. According to Johnston (J. pr. Chem. xxvL 146), it is 
(j^jpy The gum is yellowish-grey, and when treated with nitric ad A yields malic 
but no mude aeiX The vegetable mucus is also yellowish-grev, swoUs up with water, 
coagulates with alcohol, and is converted by nitric add into a thin liquid. The volatile 
oil is heavier than water. 

Indian bdellium is said to be obtained from BaUamodefidron Mukud (Hooker), 
also an amyredaceous tree, growing in Scinde. It forms irrcgidar, greenish-brown, or 
blackish masses, having a strong odour, and sharp bitter taste like myrrh. It becomes . 
sticky between the fingers. 

BBAV* Two species of bean are commonly cultivated in Europe, via. 1. Faha 
whjarUy or Vida Faba, the common field or garden bean (Feldbohrtf, ffr&a$s Bohnfi, 
Sdubohne), the most common garden varieties of which are the Windawir broi^ bean, 
the Toker, the long-poA and the Mazagan, while for field cultivation, the Heligoland, 
or tui-bean, and the common horse-bean, are preferred as being more hardy, — 
2. Phaaeolua vulgaria^ the French, haricot, or kidney-bean, innumerable varieties of 
which are cultivated, some dw'arf, others climbing. The scarlet-runner, Phaaeolut 
multijlorua is closely allied to this species. 

The seeds of these several species and varieties differ but little in chemical com- 
}x>Hition, as .the following tables will show; but they are all remarkable for the large 
aiuouut of nitrogenous matter (legumin) and phosphoric acid which they contain. 


Tarlb a — Compodtion in 100 parts of varioua kinds of Bean. 


1. Fleld.besn (air^dried) 

t» •* 

3 Horfeot-bean 

4. „ old Irlih iundHed) 

^ t> Bsyp^ian {mudried) 

6. „ cornmoB white iafr~ 

Legniln, 

Sugar. 

ftUin. 

Starch. 

Fat. 

P«!Ctln 

iubiunori. 

Woodjp 

fibre. 

Ash. 

WstM*. 

24*3 

23*3 

2S 0 
217 
24*6 

22S 

03 

4- 

6 

4 

4^!i 

4*0 

6 

4*2 

300 

8H« 

nr, *4 
31*5 

1*4 

2*0 

3*0 

2 4 
3*3 

2*7 

12 

17* 

IS* 

irs - 

lOO 

0 

s 

3*S 

3*6 

?3 

11 

N’O 

ua 

U-Q 

If-fi 

lOfi 

19*8 



4.V4 

■> 


1. Fo^iale (J. Ph»rm. [3] xxx. 180). The ehellB amounted to Id ^ 

the weight of the entire pods, and contained neither legumin nor starc^ — 2. Meaf 0« 
earlier analyses by Braconnot, Horsford, sndKrocfier. — 3. Mean of earlier *^*^7*f*j7 
Einhof^ Bonssingault, Horsford, and Krocker. 4, 6. Poison (Chmn. 
p. 211)d»-4l. Poggiale {loc, oiL) The shells amounted to 7*6 pet cent, of the weight 
of tlie entire pods, contoined very little starch, 0*2 per cent. «*6 nitrogcnona 
matter,^ and 6*8 ash. f 

Ward and Eggar (Jahresber. t Chem. 1849. p. 708), obUined from .ia^ 
varietifiB of fresh beana grown on various soils ; 2’4 to 8*6 per cent, nifto^eo, l^lo 
1*7 per centJfiML and J1*0 to 17*0 per cent water. — Way and Ogston obtmn^ow 
the samevsEtiea of bean (Heligoland and Mazagan), grown on rariow aoiA to 
100 pta. of ^ fifilli aeeds: 8*1^ to 17l0 per cent water, and in 1000 p^ of the 
ifedU of ibb vaxsSB|. 2A tq. 2*9 cent sulphttr, in a sixth kuiA 4*6 per esot 
sulshiir, 

fCsnolssir. 




BEAUV w 

Harer (Ana Ch.I3ianD. ef. 144), obtained flroq^iOO flkii airbed ^^aaagyn 
beani^ 11*8 to 12-5 per cent water, 1*13 and 1*18 pBosjjhom^hydride, and 4*25 to 
4*3 nitro^n. In dwarf haricot b^ne, he found 10*1 per cent? vateTi^ 1*P6 phosphoric 
anhydricto, and 8*32 nitrogen; in climbing haricot beani^ 9*4 wnter, 0-96 

phosphoric anhydride, and 3*17 nitrogen. ^ ^ 

The sugar ocooEring in beans is usually rogarded as grape^sngiUMfW^l (Ann. Ch. 





PotAHh, 

Kao. 

ir 

■■■* 

Soda. 

Ka.^. 

Lime, 

CaO. 

“ics:*- 

I. Seed. 





Faba vulgaris. 





1. Common field bean from Holland • • . 

20*8 

17-8 

7*3 

8*9 

a. „ „ „ Alsaee .... 

46*3 

— 

6*3 

9*0 

8. „ „ „ CHessen , . . 

33*9 

13*0 

4*9 

6*3 

4. „ „ „ England . . . 

61*7 

Q‘6 

6*2 

6*9 

6. Mazagan bean (seed sown) . « . • . 

36*7 

0*1 

12*1 

6*0 

6. raised therefrom on clay soil . . • 

43*4 

1*3 

6*8 

6*7 

7. „ ,» sandy soil . , , 

45*7 

— 

13*3 

6*6 

8. Heligoland bean (seed sown) 

42*9 

1*6 

7-7 

7*7 

0. raised therefrom on clay soil . ... 

43*6 

2*4 

4*8 

6*6 

10. „ „ sandy soil . . . 

40*7 

— 

8*2 

77 

Phateolus vulgaris. 





11. Haricot bean from Worms • • • • • 

38*9 

U*3 

6*9 

9*0 

12. „ „ Alsace 

61*0 

— 

6*0 

11*9 

13. „ „ Kurhessen .... 

22*1 

21*4" 

6*6 

7*6 

14. „ „ England 

36*8 

18*4 

77 

6*3 

II. Stbaw. 





16. Common field bean 

16*3 

13*3 

39*8 

7*1 


32*8 

2*8 

19*8 

26 

17. Mazagan bean on clay soil 

18*7 

13*9 

18*9 

3*1 

18. „ „ sandy soil 

25*6 

41 

22*4 

4*7 

19. Heligoland bean on clay soil 

19*6 



18*3 

4*9 

20. „ „ sandy soil .... 

21*1 

0*2 

26*6 

6*9 


1. Analysed by Bichon(Handv. d. Chem. 2**Aufl. ii. [21 269).--2.Boa8singauU ^ 
(i3id.) — 3. Bj[Bdehper (f^.) — i-^lO and 16-20. Way and Ogston (d'onmid of 
the Royal Agncultural Society, ix. pt 1). — 11. LeTi(Handw.) — 12. BonssioganH 
• yWd.)-— IS. Thon (ibid.) — 14. Ricnardson (Jahresl^r. f. Chezn. 1847, 1848, pi 1075, 
Tafcl C). — IdJQertwig (Handw.) This contained carbonic acid, irhich hu haen 
deducted. 

The pods of Phaseolusmuliiflarua contain, according to T. J. Herapath (Ghent Soc. 
Qu. J. 4), 94*1 percent water ; air-dried, they yielded 0*631 percent, and, after diying 
at 100^ C., 10*7 per cent of ash, containing:*- 

Clf nuttier soluble in water: 14*1* carbonic anhydride ; 3*4 sulphuric anhydridSf 
1*6 phosphoric anhydride; 36*1 potash; 4*9 chloride of sodium. V 

Of matter insoluble in water : 22*2 carbonate of calcium; 3*8 carbonate 
nesium; 11*9 phosphate of calcium; and .2*1 silica. 

BBAimo U VITit. A mineral found in the gneiss at Jones Balls near 
Inore, in North America, in square pyramids, having terminal djihedra) aog^ of 14^ 
28*, and the lateral edg^ replaced by the square prism oo P. ' ' ^ > v.’ ^ ^ ^ 

CleavaBe parallel to co P. Yellowish-wtiite to« honey-yeIW,^iljttmnf^^: 
nacreomlustre. Specific gravity 2*24. Hardness '4*6 to2*0. Ahmpif|«]>afa4&L 
(Ann. Cn. Phya. fS] ix 386). it contains 64*9 silica, i ^ *7 aMM 

nesia, 1*2 protoxide of iron, 0*6 soda (and lossX 18*4 WUtex A^erlfplSinE 
opinion that the mineral thus characterised is iii|9i^c^ icH 

been incenect](y determined, and tb% analyaie madi wUh^iwBiW^ 



nuML nix. fl6«cl8, ttbothep kiad o^ fugsr, wM^ lie jli* 

first x«ggid0d aa a .<iwpw*<>i dasignated b; hiiii gi 

rvsembMiiea to ^•wnk^<AAsaei&j^ t6 later inTesti^tiona^ however, it appears tp Vf 
identical with jposifta^ substance wLich Scherer obtained ftom; miufcohir 

fiesh. ^ ■., V.. %' '»■ 

'.. ^ 


tksA3k^B9(mi 


Iron. 

F.W. 

Suljpaurlc 

anbyarUie, 

so». 


Carbonic 

anhydride. 

Phot- 
pboric AQ- 
bydridc, 

P*0\ 

Chlorkleof 

potAMfUID, 

KCI. 

OUmUs 
ef todlum, 
^NaCl 

1 " Aihpereeui 

In iuIk 
• lanes on* 
dried. 

In rab- 
•tance 
dried St 
lOO^G. 

10 

f 

I'S 

2*4 


38*0 


2*4 





1-6 

0*5 

1-0 

357 

1*5 




07 

— 

0*5 


40*6 





trace 

30 

0*4 

3*4 

28*7 

— 

— 

2*37 

2*65 

0-6 

4*3 

1*6 

1*6 

33*7 


3-2 

2-86 

8*43 

01 

3*1 

0*4 

3*4 

80*7 

— 


2*68 

8*01 

0-6 

3*1 

0*4 

0*8 

26*9 

0*9 

1-8 

2*48 

2*97 

0-3 

5*1 

22 

2*6 

29*9 

— . • 

— 

2*54 

2*00 

0-1 

6*2 

07 

2*8 

30*6 


8*2 

2*53 

2*04 

0-3 

5*3 

0*04 

0*3 

33*3 

1*2 

3*2 

2*80 

3*83 

0*1 

2*5 

0*4 


81*3 


0*5 

. 


— 

1*3 

1*0 

8-3 

28*4 

0*2 




0-3 

2*3 

1*6 

... 

35*9 


3*4 



2*8 

4*0 

4*1 

— 

170 

— 

2*8 

0*68 


20 

2*1 

11*3 


12*1 


1 0*4 



00 

. 1*4 

2*6 

25-3 

0*6 

— 

11*5 

4*07 

5*56 

07 

1*4 

2-2 

24-4 

6*5 

— 

10*0 

5*17 

5-81 

0-5 

5*4 

-^4*6 

22-6 

8*3 

— 

6*9 

4*64 

5*05 

0-4 

3*9 

1*6 

257 

11*1 

3*6 

11*0 

6*47 

7*24 

2-0 

21 

7*3 

18*1 

8*4 

— 

8*3 

6*05 

6*69 


The npie Seaunumtite is also nven by Jackson to a rarioty of siliceous malachj^ 
or an allied ^irifneral containing suica, water, and oxide of copper. 


• smmio AOZB. An acid contained, according to Maclaj|;an, in ^ bark of 
the Btbeeru or Sf^eri {Nictandra Sodiei), a tree growing in British ^ To ob- - 

biin ^he acidi, tne barlu is exhausted with water acidulated with $/^9ac am ; the 
alkalis, bebiring^d sepmne, with which the acid is in combination, are procij^tatcd 
by ampionia ; l;]ie filtered liquid is precipitated by acetate of lead; the precipitate 
decomposed by sulphuretted hydre^en ; ' the clear liquid evaporated over sulphtirie 
acid; and the residue digested in ether, which dissolves the acid, but leaves tl^e 
colouring matter. On evaporating the ethereal solution, bebiric acid reminns as a 
white mystalline substance, having a waxy lustre. By expewnre to the air, it is gra- 
duallj^r^iiced to a syrupy liquid. It melts a little above 200° C,, and sublimes in 
tufts wheedles. With potash and sodji, it forms deliquescent salts soluble in alcohol ; 
^t^***^/ soluble salts with the alkaline earths; the lead-salt also is but sparingly 

^^mhinkdboL 



eovarsd 
MacU^ 

Abe f armer , 
(1^ 


C*^**50* or An alkaloid dis» 

of DeCierBra, In the bark of the bebeeru tree 

{JUm. (&. Fhfirm. ^viii. 106), ehowed that Bodic*s tmrina 
. j.^^ucllttcaloids^ iriiich he denominated MMu and Mp/rina. 
waaiiiote c9M|rily in 1845 by Mnelagaitaud Alflcy 

tftiji; to it the fibula 



B] 


fM obtain^ pttfeetly pare by y. Plantu (ApiL. Ch. Xluus4 
MB%i^ to it the fibula above given. ^ ^ ^ ‘ - 

— 1. The bark is exhausted sSl^ Voter oontaming snlj^iiritoke^ the 
ektafW V concentrated, filtered, and precipitated by ammonia ; ^ and t^ 'pjri^^ 
consistjUig of bebirine, sepirine, and tanhip, is drie^ dissolved in at^dnlilicd water, 
and dmlozised with animal charcoal. The solution again deoompoaed hy Immoiiia, 
jddds a nearly colourless precipitate lef bebirine and sepirine. however, the 
treatment with animal char^al fuways occasions a ^rtain loM of idkali, it ia better to 
tritgpte the precipitate wlw yet moist with oxide of lead or milk of lim^ dry the 
mlsdifive over tiM water-bath, Extract the two ahralOios by means of almhol, and 
evaportde thi&iilcoholic sdiution. To separate the two alkaloids, the ptoduet is ex- 
luRistedwith 4^er, which dissolves only the' bebirine (Maolagah and Tilley)..^ 

2. Thaj^birine prepared by the process jbst described, is n(A <9iuite pure, and does 
not dissolve completely in ether. It may ^ purified by treating it with acetic acid, 
^ding acetate of lead to the filtrate, precipitating the mixture with eafistio potash, 
washixjg the precipitate with a large quantity of cohjl water, and redissolving in ether. 
The ethereal solution, when evaporated, leayoa the bebirine in the form of a clear^ 
yellow syrup, which is dissolved in a sm^l quantity of strong alcohol, and the solntion 
is added drop by drop to a consid^able quantity of water, with constant agitation : 
bebirine then separates in the form of a fioculent precipitate, (v. Plants.) 

Bebirine when diy, is a white, amorphous, odourless powder, which does not thange 
by exposure to the air, and becomes electrical by friction. ^It melts at 0. fit a 
vitr^us mast, which ^decomposes at a higher temperature. -4- By boiliiig witib sfir^ 
nitrse add, it is convoHwd into a yellow pulverulent subst^mce.' Heated will^TOinie - 
acid, it yields a black resin. It does not yield chinolihe when heated wi& caustic 
potash. ^ 

Bebirine is nearly insoluble in water, but dissolves readily -in alcobol 'as^ether, 
,CBpapally with* the aid of heat The solution has an alkaline reaction, an|PK*T^ 

' pmutent bitter taste. It dissolves readily in acetic and bydrochldric 
nitter uncxystallisable salts. It is predpitated froifi its soliftions by dBufiTikifrio 
acid. ^ 

HydrochXoroie^ of belnrtne is very soluble in water ; and the solution treated with - 
eaustic alkalis or their carbonates yields bebirine in white fiukes, easily soluble^iu ^ 
cefijl of the reagents. The chloromeroumte is obtained by adding ’^merc^p^S^oride 
to thaisolution of the bydrOchlorate ; a small quantity of hydrochloric acid or ddoridfi^ 
of ammonium increases the precipitate ; but an excess redisselves it The ckbnfmteKoi^ 
is a brown-red precipitate. The chloroplaiinafe, 2(C'*H^*NO*.HCl).PtOl^ is ail 
yellow kmorphous precipitate, insoluble in hydrochloric, add. ThWfiff^kagjKa^^ 
a white precipitate ; the yellow. ' ^ 

Sulphate ef bebirine in the impure state has been used as a ramA^ in intemBOTimt A 
fever. ■ 

The of the bebeeru tree, which has a bittor and astringent to^ oontaiua 
about ofint of bebirine and sepirine, together with bebirie acid and a'pecnlw 

taittd]f),^« a^ed contains the same princinles, together with about itb per 
ataj^Vhioh impedes the extraction of the bases and add. ^ y v^ ' 

Bacmucra. This name has been given lo a mineral from Paynt^n 
which, according to Kenngott, is mei^ a oiMral hardened into a f b alcerton^ itjpPw* 
atone variety of quartz, intezgrown with compact grey limestone. . ^ 

HDBCK. FetguB eylvoHca, — ^Beech-wood recently felled, has a spedfie gravilj lj^of 
0*982, and ooiitains 40 per cent, water ; after drying in the air, it has a spec^ 
of 0*590, and contains 18 to 20 per cent, water. After drying at 100® C. it cophmht 
according to Baer (Arch. Pharm. [2] IvL 169), 46*1 to 48*3 per cent carbon, 

6*0 hydr^en, 46*6 to 45*1 oxygen, and 1*2 to 0*6 ash. According to OhevancHAie , 
(Compt rend. xxiv. 269), it contains 49*8 per cent C, 6*0 Ht 4A^i O, 1*1 H, and „ 
yields 1*06 per cent ash. According to Sprengel (J. techn. CBteo^ xiii 384X r 
aiivdried wom yields 0*365 per cent ash, containing 0*14 crude of pajjlgpH 

and the leaves which^fi||l in autumn yield 6*695 per cent ash, ^ v 
The following table muiibita the composition pweent of the ash^baedi 
of the leaves, a, o, A aic 1^ Bprengel {loc, 5, o (WittiM^ 

1851, 104); 5, ^ wood grown on aan^tone (Atmfrr Sandstein)^ 
wood grown on the Musehelkalk, nea^ Morswen in Kurheasen; 

Vonhaus^ Aw ]Piarm. Ixxxn. 180). The wood was mi 
hiU near hectare of anrface produced yearly 2*673 cutdc 

wood V mT huge ' brimch-wood (PHfodAo&J ; 0 

bcai|||||MM 1*878 0. m. of twigs JM 


„ : bD, dl*8 kilogrammes of aa^ tib. tke 

17«O tdL. Ilw saiaU brancti-vood 4'6 ar- 

^itx4 Idji. Isflk Hoafe® a cubic momrbf the stem-wood jietds C*842 ] 
of ash; large bfUoeh-wood ia*233 kiL; and of twig-wo^ 14*144 kiL 
Bhows ulao thiS, leekonk^ tem the bottom upwards, the proportion of « 
nishei; that of the j»4osplwt^ and B^pkuHc acid increHses ; while of 
haiTe more than the atenif and the thick hronahes least of alL 



ihle 
^ diiai«« 
the twigs 


PoUih* « • 

Soda • • . 

Lima . • 

Magneiia • • 

Atumtha • • 

Ferrtaoxida • 
Manganic oxfda • 
Siitpnerle antiTdiida 
Uillea 
CarlM 

Phoci 

Ferrfa phoMdiate 
Chlcrlda wa^tum 
Charcoal • • 

— ,, 


'f " ' 



/WoffUwlth Baxk, 

, 4:1- . 

r" 

■.# 


Wood. 

Stem. 

Bronchfii. 


' *^*» 

m 

m ' 

b 

e 

B 

IBI 

B 

5. 

^ ... 

140 

102 

6*9 

13*1 

n*5 

11*8 


. 6*1 

M ^ 

1*0 

0*3 

3*1 

1*7 

12 

07 . 

1*0 

07 4 

11*5 

43‘G 

30*8 

87-8 

40*2 

M*r 

872 

6 a 

I0*O,- 

6*4- 

lO'l 

13*4 

0*0 

6*1 

72 

02 

0*05 

.i. 

' — . 

... 


M 



06 

0*5 

0*8 

02 

0^8* 

0*4 

74 

8*4 

trace 

0*9 

\*0 

. 0*6 

*^'4*1 

02 

71 

10 

0*li 

0 4 

05 

1*0 

10 

12 

4-2 

6*8 


KVB 

5*5. 

82 

, 07*0 

08*5 


06*a 


■SB 

‘^v 

16*8 

EVTTMI 

l7l 

5*6 

■SI 

BL^B 

10*8 


Fa 

nn^nii 

■SI 


0*1 

0*8 

0*1 


0*6 


The hmt tt the beech contains, together with the usual constituents of Tegfetable 

■ibstanoiBS, about 2 per cent, of tanuin, also a jpeculiar red substapee, and another 
which smells like Yimilla. The latter is soluble m alcohol, insoluble in water and in 
tether; and Iby shaking np the alcoholic solution with hydrate of lead, and repeated 
ny wfutef, it lUay be obtained as an amorphous white powder, snth^ 
odou^K ^WUla and a bitter taste. - It dissolves in acetic acid and in alkalis# jufiip 
acid it into oxalic acid, (t/epage, J. Phanq. [3] xii: 181.) * 

IhyJbesch-bark yields about 0*6 per cent, crude potash. According to Huftirig 
(Ann. PhafliL xlvi. 97), it ^elds 6*6 per cent, ash, containing ui 100. pta. 8*0 
sp^lf wits, consisting of alkaline carbonates, sulphate of potassium^ and a trace uf 
cblhrid0 of sodll^ and 97*0. pts. of insolable salts, viz. 64*7 carbonate of cidciam, 
16*9 «Mg^ia,"i*7 ^ospKate of cajdmo/ 1*9 phosphates of magnesiuar aluminiam, 
and iron, Ind 9*0 suieau _ 

The yields in 100 pts. 18*1 K*0. 7*6 NaH>, 19*A CkC^lMk 

2*5 HnKH, 18*6 P*0», 0*7 fiaCl, SiO^ 0*1 CO’, and 0*4 charcoal. (BMl4£Ciii^ 
a^Aufl;ii.[2l649.) 

SnenMri^ on. HuHt de/alm. C’*H“0* — Bacch-not, yirfd, tnr pm mm, 
abclQt 17 percent, *af a clear, light-ycll<^vifM*id oil, inodorous having a n^d taste and 
a dtemly of 0*9225 at 15^ G. It souSOes at 17^0., and is coloured* fose-ied by 
nitric a^ It is a non-drying oil, and yields a white soap. It is used in cookiiig and 
far iUomination. Mixed with eight or ten times its bulk of water, and treated at 60^ 
or 80^ CL with ekXcrine gas, it is converted into a chlorinated oil containing C**H’’CIK)*. 
ilroniins acts on it wi& violence, but if the oil be cooled at the same time, the com* 
P^d C^EP’Bi’^ is produced. (Lefort, Compt, rend. xxxv. 734.) 

nmwm is thv<^ of grain, and is prepared from mdft, or grain, generelly ba^, 
which has beeioultfwed to germinate. The grain is steei^ far two or three days in 
water, until becomes somewhat tender, and tinges the water of a bright 

rcdi^^-btowi^am' The#ater being then dmin^ a|ray, tto barley is sprsad about 
b thick upon giloor, where*it heats i^ntaneciariy, aad bc^ to grow br 

le. Iii^this state, the germinatisb by spreacung it 

‘ ‘ “ * |jg|iin made into a heap, 


over for two days; aiW which 

sensibly hot, which utgaliy happfUS ul little more th an a day* 
... to the 1^ where, by a graShal im )o«^he|^ ii Jb rendered Sv 
malt, and iU qniOitiee d^er aecdrdin^ leas soaked, 

I, difod, and baked. • , ^ 

dWi^giyhid by tie oaioar, as ^e,. aniber, wwa^gr 
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ing to tlie different degrees of heat to whidi it has heen sitl:||eeted, 
produced when the di^g temperature does not exceed 90^ to lOO^ P.^ aibh^ 
coloured malt when the heat has been raised to 120^ to 125®, and brown malt at 150^ 
to 170®. Black malt, commonly called patent malt, is prepared by roasting in 
cylmders like cofibe, at a heat of 360® to 400® F. ; it is used as colouiix^ matter in the 
brewery of porter. 

Indian com, and probably bB laige grain, requires to be Buffered to grow into the 
blade, as well as root, before it is fit to be made into malt. For this pniq)ose, it is 
buried about two or three inches deep in the ^und, and covered with loose ^earth ; 
and in ten or twelve days it springs np. In this state, it is taken up and washed, or 
fimned, to clear it from dirt ; and then dried in the kiln for use. 

During the process of germination, the albuminous matter of the barley or other 
grain is brought into the peculiar state called diastase^ in which it acts as a fennent 
on the starch contained in the grain, converting it into dextrin and sugar,. and thereby 
rendering it soluble. A portion of the starch is, however, always loft unifiiahged by 
thh germinating process, and its conversion into dextrin and sugar is comple^ by 
the luln-drying. The benefit of this latter process is, therefore, not confined to tho 
mere expulsion of moisture from the grain ; indeed kiln-dried malt always ^clds a 
lamr quantity of saccharine extract than m^t which has been left to dry in the air at 
ordSnazy temperatures. 

The diastase of malt is capable of converting into su^r a much larger quantity of 
starch than that which the grain itself contains : hence in the preparation of the ex- 
tract, the ^alt may be mixed with a certain quantity of unmalted barley op other 
grain. In ^elgiun^ laige quantities of beer are prepared ftom malt mixed with 
potato starch. 

To make beer, the molt, after being ground or cut to pieces in a mill, is placed in a 
tun or tub with a false bottom; water at about 180® F. is then poured upon it; and 
the whole is well stirred about by suitable machinery. This operation is called 9n€uh» 
ing. After the infusion has been left for a few hours to elar^ or sit, the d^r liquor 
or sweet wort is transferred to a copper boiler and boiled with hops, which give It a 
bitter aromatic taste, and perhaps also render it less liable to spoif by keeping. 
When the wort has been sufficiently boiled, it is drawn firom the copper into krge 
shallow vessels, so as to cool it as rapidly as possible to the temperature of the au*, 
and thereby avoid an irregular acid fermentation, til 'which k would otherwise be liable. 
It is then transferred to the fermenting vats, wtfRh in large breweries are of great ^ 
capacity, and mixed with yeast, the product of ,a preceding operation. The liqmd is 
thereby brought into a state of eoromotion ; tho sugar is more or less converted mto 
alcohol and carbonic acid, w'hich escapes as gas; and tho nitrogenous matter ^eif the 
extract is converted into yeast, part of which is expended in keeping%ip the fermenta- 
tion, while the rest rises to the surface. The fermentation is never suffered to rtin 
its ftdl course, but is always stopped at a certain point, by separating the yeast and 
drawing off the beer into casks. A slow and almost insensible fermentation then 
takes place, whereby more of the sugar is converted into alpohol, and the beer is rendered 
stronger and loss saccharine. 

Diuing'^is last process, the beer gradually becomes clear or fine, the solid par- 
ticles of yeast which float about in it during the fermentation, and render it mundy, 
being gradually brought to the surface and discharged through tlie bung-holes of the 
casks; whence the yeast is conveyed into proper receptacles. A very efifective ar- 
rangement for this ‘purpose i» adopted at the extensive breweries of HessiB. Bass and 
Allsopp at Burton-on-Trent, for a description and figure of which see Musprat^s 
Chemist vol. i. p. 276. Frequently, however, it is found necessary to assist the 
clarification by means of substances called finings^ which lay hold of the snspeoded 
matter, and precipitate ilf>*to the bottom. Isinghtss dissolved jn sour beer is often 
used for this purpose, ulto gelatin, white of egg, sencnu of bloo^ Citfragheen moss^ 
and^ the ^ dried stonlach of the cod, called sounds. It is best, however, when the 
darifleation takes place spontaneously, without the use of finings ; for all these sub- 
stances tend to m^o the beer fiat, and prevent it Iftoai iiarryiDg' a good head. The 
imposition of the water used in brewing has a grqat influence on the result, 
in particular appears to favour the clarification, ^ combining with the 
the malt-extract, and forming insoluble salts, which ^airy dovihi the ^ ipjfcftdod 
matter. Tho spring-water of Buiton-on-Trent (notr that of the river Trent) oontaittil , 
19 per cent* of sulphate of lime, only a small portion of which is precipiOH^jd 
boiling. , r' 

The stmigth and taste of bem^ are susceptible of endless varie^, acoozdiiffi io 
quality and gutotitar of the^ malt and hops used, and the mode of oondoetuig aim 
ilttage but especially the xermentatioD. If the flivt fleomentatMt V 



glooMd at an eaify slage^ tba beer will oantain a conaideiabla quantity of sugar attd 
compiiratieely little aloobdl : it will be mild, and if bottled, will acquire the property 
of e&^eecing stions^y when the bottle is open^ bdbause the carbonic acid {ooducd 
by the sul»equent slow tementation, remains dissolTed in the liquid, and escapes with 
Tiolenee as soon as the prassure is remored. on the other hand, the fbrmentation 
be allowed to go on in the rat or in casks, till nearly all the sugar is coutotM into 
alcohol and the carbonic acid eupapes,^the beer then becomes more alcobidio; but if 
the process be allowed to go on too long, it loses its briSkness and becomes flat and 
unpalatSble. 8tr<mg beers are those which contain a considerable amount of alcohol; 
suhstanikd beers are those which are rich in malt-extract; the latter are aim said to 
possess hody^ 

The mait-liqnors consumed in this conntiy are of two kinc^ Ann and Ponmn. Ale 
is prepared ikom the paler kinds of malt, and in its preparation, the first fermentation 
is checked at such a stage as to leave a considerable quantity of saccharine matter ^in 
the liquor, which, by its subsequent conversion into alcohol and carbonic acid, iimy 
keep up the briskness. The ale is mild or bitter, according to the quantity of 
added tp the wort. Pale ale is prepared from the palest malt dried in the sun or by 
steam heat, and from the best and palest hops. An essential point in its preparation 
is to keep tlie fermenting temperature as low as pmible, never allowing it to rise 
alwve 72® F. By this means, the formation of acetic acid is prevented, as also the 
solution of the yeast 1^ alcohol, which always communicates an unpleasant flavour to 
the liquor, — and the delicate flavour and aroma of the hop are preserved, ^^kfotch aU 
is a sweet strong al^ it was fomu^rly flavoured with honey, but that practl^ appears 
to be now absndonea. • ^ 

Porter is a dark-ooloured beer, prepared fkom a mixture of pale, amber, brown, and 
black malt. The following table (taken from Muspratt's Chemiatiy) exhibits the 
oompositiou of the various mixtures employed : 


Table of Porter Grists* 


No. 

^ Black. 

Brown. 

Amber. 

Pale. 

Total. 

1 

. - ,9 . 

• 0 

. 0 

. 91 

. 109 

2 

« ,6 a 

.34 4 

. 0 

. 60 

. 100 

3 

.2 

* ■ 

. 10 ' . 

, 58 

. 100 

4 

. 3 


.16 

. 57 

. 100 

5 

. 4 

. 24 . 

. 24 

. 48 

. 100 

6 

• .5 

. 0 

. 95 

. 0 

. 100 


Of thme the preference is given to the last two ; in the others, the excess of black it^ 
brown malt introduces too much carbonaceous and useless mutter, whence die poitsr 
iicquirtw a disagreeable taste, as if liquorice were added to it. The fermeatauon of 
porter in the vats is carried on till, the original gravity of the liquid is reduced to 
about one-third. StovS is merely a 8tronp;er kind of mrter. SnuUt beer, as its name 
implies, is a weaker liquor, and is made eithai'by admog a lai^e quantity ofwmter to 
the malt, or by niaaliing with a fresh qnantity of water, the residuum left after ale or 
porter has been drawn off. * 

The temperatui-w at which the fermentation of beer is conducted, has a marked 
effect on its quality, and especially on its power of keeping without turning sour. 
When the fermenting temperature ranges from 65® to 90® F., as is the case with the 
beers of England, l^nce, Belgium, and most parts of Germany, the beer graduaUy 
becomes sour by contact with the air, the alcohol being slowly converted into aeetus 
aciiL But BaTarian bt-er, which is fermented at a much lower temperature, 8® or 10® 
C. (46*5 to 50® F.), deea not undergo this change. The dtfbrence arises from the 
manner in which the fermentation takes place, and is explaiiihd by Xiebig as follows: 
Wort is pjK^rtionally ru^er in eolulde gmten than in sn^, and when set to ferment 
in the orainaiy way, it evolves a large quantity of yeast in the state of a thick ftwtli, 
^th bubbles of carimnio add gae adhering to it, whereby it is floated to the surftuse 
of ^e liquid. Now the conYersion of f^nten into yeast is partly, atleast, a process of 
oxidation ; and when the Uqhor is covered with a thick sewsi, as just oeecribed, the 
gluten said diasolTiS in the liqiftd, not having free access to toe air, appears to take 
oxygen flrom the sugar and other fliiltterB contained in tiie liquid, the formation of the 
yeast thus going on at the eaqiense of the sugar, whidi is cona^neatly de s troye d bsflxre 
the whole of the s^en is oonvcTted into yeast. Fkom this eause^ a quantity of free 
flhiten ia left In tSe liqaid, and on subsequent exposure to the air, this gluten acts at 
a ferment^ indadng A* conversion of the alcohol into aedic acid. In the Bayyran^ 
pioeeas, on the eomtrary, ^e cmribonic add, instead of escaping in large buMiit 'Whidti’ 
yeast to the suHhee, lisas in minute hubbies in the saM luaanar as fltosi 
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ati efi^FFescing minena water ; Httle or no eeum 

it is produced, sinks to the bottom, and leaves the ensia^ U the 

to the air. The gluten is thus converted into yeast by atmospheric oxidsIS^aS^ 

last wholly removed fiwm the liquid mthont de(H)mpo«ition of the 

fermented, ia not UMe to addi8c$^ion by ^ ‘ 

The kind of fermentation last described, is called bott^ firvmiaiitm (Unu^ 
gahrung), and the yeast produced by it bott^ yeaet (,Unterhefe)\ while fee oSi 
nary fermentation process 'is called top f&rmentaUon (Odor^akrum), gad the 
yeast which it produces top yeast The^ two hpds^ diS^t 


^entiallyiu their properties and mode of action. The top^yeast m gluten oxidised in 

a gtute of putrefaction, and the bottom yeast is the gluten oxidised by mmaoausis or 
slow combustion. Each of them has a tendency to induce the particular kind of /ar- 
mentation by which it was itself produced. (See FsnifEyTATiOK.) 

For farther details respecting the preparation and properties of beer, see the articles 
BsEBand Bbbwtno in the new edition of Ure*s Dictionary of Arts, Manufactures, and 
Mines / also the article Bebb in Mmpratfs Chemistry, and in the HandworUrhueh 
der Chemie, 2** Aufl. ii [1] 103’6 

Analysis of Bebb. — The normal constituents of beer are alcohol, carbonic acid, 
and extractive matters of malt and hops ; acetic acid is also present^ but its amount 
in good beer is veiy smalL 

The amount of carbonic acid in beer is but small, not exceeding 0*1 to 0*5 per 
cent, even in bottled beer, and of this small quantity the greater portion escapes 
as soon as the beer is opened. The strength of the frothing vail give a very good 
idea of its relative amount. ^ An exact estimation of the carbonic acid is indeetl 
seldom necessary ; but if desired, it may be made by boiling a known quantity of 
the beer in the flask-apparatus, represented in 5, p. 119, (art. Alkaliichtbt.) 
The carbonic acid (anhydrous) then escapes as gas, while the vapours of water 
and alcohol given off at the same time ore retained by the chloride of calcium in 
the diying tube. 

The amount of acetic acid is estimated by. the usual processes of AemmsTRT 
(«•«'■) 


The quantity of extractive matter in beer maybe determined by evaporating 
20 grammes of beer in a platinum’ or porcelain d^h, and drying the residue in an air- 
bath (p. 520) at 100^—115° C. till it ceases to lose weight. Before weighing, it 
must be cooled under a beb-jar over chloride of calcium, as it is very hygroscopic. 

It is seldom necessary to examine' the extractive matter any further. It consists 
mainly of sugar, dextrin, albuminous matter, and lupulin, the bitter principle of the 
bop. The amount of dextrin and sugar may be determined by moistening the dried 
residue with water to a thin syrup, and gradually adding strong alcohol as long as dextrin 
ia thereby separated. The clear sugar-solution ma;^ then be decanted, and the dextrin 
£re^ from the remaining sugar by repeated solution in water and precipitation by 
alcohol The solutions of dextrin and sugar may then be evaporated to dryness, and 
the residues weighed. The albuminous matter may be estimated from a separate por- 
tion of the beer by boiling it so as to coagulate the albumin, collecting the precipitate 
on a tarea filter, then washing, diyuigt and weighing it. Lastly the sum of the 
weights of the dextrin, sugar, and afbuminoua matter, deducted from the total weight 
of the extract gives the quantity of lupulin. 


The inorganic constituents of beer are estimated by evaporating to dryness a 
known quantity of the beer, charring the residu^ and then igniting it, as in the prepara- 
tion of plant-ashes (p. 419). They consist chiefly of the phospbatM of calcium and 
magnesium. Alkaline phosphates may likewise be found, but the greater part rd 
them is dissolved out during the maceration of the barley for mating. Common salt^ 
which ia sometimes added to beer, will of course be found in the ash. Any consider- 
able amount of alkaline carbonate may be attributed to alkali added to neotcalise fices 
acid in the beer. 

The amount of alcohol in beer is ascertained by distilling 500 to 1000 gnumiatf 
(15 to 30 ounces) in a somewhat capacious retort, having its neck inclined upwards and 
oonnected with a liebig^s condenser, receiving the distulate in a fared flask, weig^kuig 
it. and determining its specific gravity at 15f C. (00<’ F.), that of water at fee aaino 
temperature being assumed « 1*000; or the proportion of alcohol may be fimd by. 
testing the distillate with a delicate alcoholometer. The weight per omit, of aleoliol ifi 
feen mund by means of table A, which is an amplification of part of feat givao 
under Alcotolomiitbt (p. 51), and thence the total amount ot alcohol in fee givsB 
quantify of beer may be found. 

BtqgpMO, fioar instance, 1000 grma of beer gave 615*38 grma. of distiUate of ipoidil < 



mYilT 0*98949 at (H)^ F. r to the table, the distillate would cootain 

6*11 per cent eleblioly and tHMtee the 616*38 grms. of distDlate wouM oontam 87*6 
grma alcohoL Kow these 87*8 mns. of alcohol were obtained firom lObOszms* of beer ; 
coosoquentijr the amount of aloohol in the beer is 8*76 per cent fAe trouble of 
calculation may be saTod by diluting the distillate till its weight becomes equi^ to 
tlmt of the be^ employed; the specidc gravity will tlien at once give the percentago 
hy weight of alcohol in the beer. 1^ for example, the distillate after dilution exhibits 
a specific gravity « 0*9932, the percentage of alcohol would be 3*76. If a l^aUea' 
alcoholometer were used, it ^uld show in the distillate, before dilation, a perouitiM 
by volume of 7*6, corresponding to 6*11 by weight. In using the alcoholomoter, itm 
bo: 5 t not to dilate the distillate, unl^s the instrument is especially graduated far very 
weutk liquids. If the observed specific gravity or alcoholometer-degree does not OOQUV 
in the table, the weight per cent of alcohol will be found by iuterpolatiou. 


Table A . — Specific Gravity and Strength of Spirits^ 


Volume 
|Hfr cent. 

Weight 
per cent. 

Specific Gravity. 

Volume 
per cent. 

Weight 
per cent. 

Spectllti Gravity. 

1- 

0*80 

0*99850 

4 6 

3-60 

0*99360 

ri 


0*99885 

4*6 

3*68 

0*99336 

1*2 

0*96 

0*99820 

4*7 

3*76 

0*99322 

1-3 

1*04 

0*99805 

4*8 

3-84 

0*99308 

1-4 

1-12 

0*99790 

4*9 

3-92 

0-99294 

1*6 

1*20 

0*99775 

6*0 

4*00 

0*99280 

1*6 

1*28 

0*99760 

6*1 

4*08 

0*99267 

17 

1*36 

0*99745 

6*2 

4*16 

0*60264 

1*8 

1*44 

0*99730 

6*3 

4*24 

0*00241 

1*9 

1-62 

0*99716 

6*4 

4*32 

0*69228 

2*0 

1-60 

0*99700 

6*6 

4-40 

0*90216 

2*1 

1*68 

0*99686 

6*6 

4*48 

0*99202 

2-2 

176 

0*99672 

67 

4*66 

0*09180 

2*3 

1*84 

0*99058 

6*8 

4-64 

0*90176 

2-4 

1*92 

099644 

6*9 

4*72 

0*99168 

2*6 

200 

0-99630 

60 

4*81 

0*99160 

2*6 

208 

0*99616 

6*1 

4*89 

0*90137 

27 

216 

0 99602 

6*2 

4*97 

0*99124 

2-8 

2-24 

0*90588 

6*3 

6-06 

0*99111 

2*9 

2*32 

0*99574 

6*4 

6*13 

0*99098 

80 

2*40 

099660 

6*6 

6*21 

0*99086 

3*1 

2*48 

0-99546 

6-6 

6*30 

0-99072 


2*66 

0*99532 

6*7 

6*38 

0*99069 

3*3 

2*04 

0-09518 

6*8 

6*46 

0-99046 

3-4 

272 

0*99504 

6*9 

6-64 

0*99083 

3*6 

2*80 

0*90490 


6*62 

0-60020 

3*6 

2*88 

0*99476 

7*1 

6*70 

0*09008 

37 

2*96 

099462 

72 

6*78 

0*98006 

3*8 

3*04 

0*99448 

7*3 

6*86 

0-68084 

3-9 

3*12 

099434 

7*4 

6*94 

0*98972 

4*0 

8*20 

0*99420 

7*6 

6*02 

0-98060 

4 1 

8*28 

1 0*99406 

76 

6*11 

098949 

4-2 

3*36 

0*90392 

77 

6*19 

0*980^6 

4*3 

3*44 

0*09378 1 

7-8 

6*27 

0*98024 ' 

4*4 

3*62 

0*99364 n 

7*9 

6*36 

0-98912 



II 


6*43 

0*08900 


The residue in the retort wxj be used fbr determining the amount of extractive 
matter in the beer. For this pmpose it is diluted with water, after coolings till its 
weight becomes equal to that of the beer befbre distillation, and the amount of extrac- 
tive matter is then found frmn its wpedAc gravity^ by means of tables provided fbr the 

^^^following 18 taken fromsmare detailed table in the Handwcrtef^vch, 2** Aii6. ih 
[1] 1081. 
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BEE& 


Taalb B , — Specifie Qravity and Strength of Malt^EaetroBi^ 


SpedSo 

Gravity. 

Bfalt-extract 
in 100 ptt. 
of liquid. 

n 


Spacliie 

Orarltj.. 

Malt extract 
in 100 ptt. 
of liquid. 

%>eclfic 

Orarlty. 

Malt^xtraei 
in 100 ptt 
of liquid. 



1*018 

4*500 

1*036 

8*925 

1064 

18*238 


0 250 

1*019 

4*750 


9*170 

1*055 

13*476 


0*600 


5*000 


9*413 

1*056 

13*714 


0*750 


5*250 


9*667 

1*067 

13*952 

1*004 



6*600 

1*040 

9*901 

1*068 

14*190 

l-00« 

1*250 

1*023 

6*750 

1*041 

10*142 

1*059 

14*428 

1*006 

1*500 

1*024 

6*000 

1*042 

10*381 

1*060 

14*666 

1*007 

1*760 

1*025 

6*244 

1*043 

10-619 

1*061 

14*904 

1*008 

2*000 

^•026 

6-488 

1*044 

10-857 

1*062 

15*139 

1*009 

2*260 

1*027 

6-731 

1*046 

11-096 

1*063 

15*371 

1*010 

2-600 

1*028 

6*975 

1*046 

11-333 

1*064 

15*604 

1*011 

2*750 

1*029 

7*219 

1*047 

11-595 

1*066 

15-837 

1*012 

3*000 

1 030 

7*463 

1*048 

11*809 

1-066 

16070 

1013 

3-250 

1*031 

7*706 

1*049 

12*047 

1*067 

16*302 

1*014 

3*500 

1*032 

7*960 

1*060 

12*286 

1*068 

16*534 

1*015 

3*760 

1*033 

8*195 

1*051 

12*523 

1*069 

16*767 

1*016 

4*000 

1*034 

8-438 

*1*052 

12*761 

1*070 

17*000 

1*017 

4*250 

1*036 

8*681 

1*063 

13*000 


A more extended table of the specific gmvity of pure symp, which does not differ 
greatly from that of malt-extract, is given in Dictionary of Arta^ Manufacturca^ 

and Mines, new edition, vol. iL p. 610. 

The amount of alcohol in beer may in most cases be calculated with snfiieient 
accuracy for practical purposes, from the difference between the specific gravity of the 
boiled and unboiled beer, according to the following principle : The specific gramty of 
the unboiled beer is less than that of the boiled beer, in the same proportion as the specific 
gravity of spirit of wine of equal alcoholic strath is less than that of water. To 
detemfine the amount of al^hol in beer acconlingly, the beer is first freed from car- 
bonic acid by brisk agitation in a capacious flask, assisted perhaps by very gentle 
warming, and ite specific gravity is accurately determined. It is then boiled to drive 
off the alcohol, and the residue is diluted with water, till its weight becomes exactly 
equ^ to the original weight of the beer; it is then filtered, if necessary, tlirough a 
covered filter, and its specific gravity likewise determined. The amount of aleoliol is 
then calculated, as in the following example. Suppose the specific gravity of the unboiled 
beer, freed from carbonic acid, to be 1*0250 ; and after boiling and dilution with 
water, to be increased to 1*0320. Then, according to the principle just stated, the 
specific gravity of pore spirit of the same alcohoQc strength as the beer, will be to 

that of water as 1*0320: 1*0250; thatis to say, it will be » 0*9932, which, ac- 
cording to the table, page 531, corresponds to 3*8 per cent 

The empirical rule for finding the specific gravity of spirit of equal strength with 
the beer is : Divide the specific gravity of the unboiled beer by that of the boiled beer, 
after its original weight has been restored by dilution. 

It is clear that the results obtained by tkis method (caUed in Germany the Specific 
Deer-test), will be mow exact, in proportion as the composition of the beer dififbra less 
from that of pure spirit of equal strength, in other words, the smaller the amomit of 
of the extractive matter contained in the beer. For been like those of Bavaris^ it 
answera very well ; but for those which contain a larger amount of extract it cannot 
be relied on. 

For Balling's Saecharomctric method {saceharimetrisehc Dierprobe), and Fuchs's 
MaUynutrw method (hallymetrisehc Dietpre^), which latter consists in determining 
the qnimtitiee of alcohol and extractivo matter in beer by the quantity of ^ w"***” 
salt which it is capable of dissolviiig, see ffandworterbuek dcr Ckemie, 2** AwS, ij. 
[1] 1078; and Handbueh der tcehniseh-chcmiscken UnUrsuchungen ronP. A.Bolby« 
2** Auft. Leiprig^ 1861, s. 850. "w .j 

The following tables C and D, exhibit the composition of varions kindji of boar , ' " ■ 
8ea also Jaknsbnkkt fwr Chemic, 1849, p. 708; 1860, p. 683 ; 1863, p, 768; 186^ 
p. 863* 





BEioe 


Tams iff Malt-extract oxdMeoM in aaritme KMe t^Beer. 



Perc«iitag 0 of 


London Ale, i<ss exportation • 
London Ale, ordinaiy • • 

London Porter, for exportation 
London Porter, ordinary 
BrusselB lAmbik . • • 

Brussels Faro • • • 

forte de Strasboni^ 
blanche de Paris • 
Bavarian Beer . . • 

White Beer of Berlin 


Malt-axtract. 

Alcohol. 

7—5 

6—8 

5—4 

4—5 

7—6 

5—6 

5—4 

8—4 

5*5— 3-5 

4*5—6 

• 5—8 

2*5-4 

4—8*5 

4—4*5 

6 — fv 

3*5—4 

6*5-^ 

3— 4*5 


Tabui D.— fljpecta^ I^esu/is of the examination of certain Beers, 


London Porter (Barclay and Perkins) • 

liondon Porter •*••••* 
London Porter (Berlin) • • • • * 

llurton Ala • 

Scotch Ale (Kdinburfh) • . . • • 

Ale (Berlin) 

Brussels Lambik 

Brussels Faro ••••••. 

SaUatorbier. MUochba . . • . . 

BcK'kbier, Miinchen 

Hater tan Draught beer (ScAcnAA/cr) MBneben 
! Btttarlan Store-beer (Lagfr-bi^} IKinchen ) 
16 months old • , • • J 

Bavarian Store- beer, Bfiliichcn . • 

Bavarian Draught-beer. Brunswick • 

Bavarian Beer, Waldacnlosscbeii • • . 

Prague Draught-beer . . . . 

Prague Town Beer (Stadi-Afer) • • 

Swf-rt Beer. Brunawick • • • • • 

J<»sty'a Beer, Berlin 

Werder^s Brown Beer, Berlin . • . . 

hlte Beer, Berlin . • . . . 

Biire blanche de Louvain - , , . 

Peterroaon, Louvain . ' ... 

Hum, Brunswick 


6-0 

A-4 

0*16 

6-8 

09 


5*9 

4-7 

0*87 

14 A 

6*9 


10-9 

8‘A 

?i» 

6-S 

7-6 

0*17 

8-4 

A'A 

CS 

9*9 

4*9 

0^9 

9-4 

4-A 

0*18 

9*9 

4>9 

017 

a*8 

S'8 

0*14 

5-0 


0*15 

S'9 

4'S 

0*10 




Tho follovring are exon^las of the percentage composition of the ash of bear, tha lUak 
three analysed by Whiz (Jahrb. pr. Pharm. iii. 312 ; Jahresber. f. Chem. 1835, p. 892)^ 
the rest by Dickson (Phil, hliig. xxxiii. 341 ; Jahrasber. 1347-8, p. 1112). 


Tabui R — Aeh cf Beer, 



mIneUi; : : : 

(^ 0 »} 


* The bliMske in mie aeitfaMifcidlzala that the aattwpic laid was iwi dela r m l ae d f n aa r^W i edy la Alia 































SEEK 


Oriainal Gravity of BMr-wortt.—Thv ww^qia ^t^mU^^ 
menLLn is attended vith a dimmution of deiwt^ ar eo^ 

roeeiflc gravity of beer is always leas than that of i^Mtsfian. irwr 

fc? the i^nuilaws of this countiy, the brewer ta ^ow^ a dxaw^ npon all beat 
that is exported, the amount being regulated acconiingto the oagtual grarify of the 
wort. Hence it is necessarj that the revenue offlcer be posses^ of a method of 
determiniog the original gravity, from the observed stifle gravity and cempositioa 
of the beep, whereby be may check the record kept by the brew^. 

If the non-rolatile matter of beer conaisted entirely of atareh-sagar (glucose), the 
determination of the origijiaJ gravity would be a veiy easy matter: for it is found 
that every 1 per cent of alcohol in beer corresponds very nearly to 2 per cent, of 
sugar in the wort before fermentation : hence it would merely be neceesaiy to double 
the percentage of alcohol in the beer, add thereto the percentage of sugar as found 
by direct experiment, and the sum would be the total amount of sugar in 100 pta, of 
the unfermented wort ; the specific gravity would then be given by a sacch^meter- 
table, such as Table B, p 532* 

For example, London porter (No. 1, of Table D), contains 6‘0 per cent, of malt- 
extract (which wo shall suppose to consist of starch-sugar), and 5'4 per cent, alcohol, 
the latter corresponding approximately to 10*8 per cent, starch-sugar. Hence the total 
quantity of extract in the unfermented wort would be 6 0 + 10*8 =* 16‘8, giving a 
specific gravity of 1*06. 

But the actual problem to be solved is much less simple : for the wort contains 
several other substances, all differing more or less in specific gravity from starch-sugar. 
Hence the exact determination of original gravities can onl^ be effected by sp^ial 
observations. The question has been examined by several forei^ chemists, especially 
by Balling of Prague, in his great work on Brewing* ; in this country it has been 
investigated by Messrs. Dobson and Phillips, of the Department of Inland Bevenue, 
and more recently by Professors Graham, Hofmann, and Bedwood, ffrom whoso 
“ Report on Original Gravities,” f the following o^ervations are extracted. 

The substances contained in beer- wort, in addition to starch-sugar, are : 1. Dextrin^ 
which has not been converted into sugar in the process of mashing. ^ 2. In many in- 
stances, cane-sugar, the use of which is now permitted in breweries, 3. Caramel, 
arising either from high-dried malt, or from treacle or burnt-sugar, the use of which 
in the brewery of porter is also allowed by law. 4. A peculiar s^charine substance, 
oallod “ extractive substance,” resembling caramel, possessing decided asid properties, 
and not fermentable by yeast, even ivfter boiling with sulphuric ucid.J 5. Azotised 
or albuminous matter, derived from the grain. 6. Alkaline and earthy salts. 

The albuminous matter and the inorganic salts, have but little effect on com- 
parative densities of the wort before and after fermentation ; but the dextrin, cane 
svgar, caramel, and *' extractive matter,” all give solutions of less specific gravity than 
a solution of starch-sugar containing the same quantity of carbon, and^ therefore 
capable of yielding an equal amount of alcohol. The differences are exhibited in the 
following table. 

Tablb F . — Specific Gravities of Solutions of various SaccsABcni Suvstancbs, and of 
pAXja and Bhown Mai.t containing equal quantities of Cabbon. 


Solution 
of Starch- 
augar. 

Solution 
of Cane- 
sugar, 

1010*4 

1010*1 

1020*8 

1020*2 

1031*3 

1030*2 

1042*4 

1040*6 

1053*5 

1051*0 

1064*9 

1061*8 

1076*0 

1072*9 

1087*8 

1083*8 

1099*4 

1095*2 

Hll‘4 

1106*7 



Solution 

of 

Pale 91aU. 


1010*0 

1020*3 

1030*6 

1041*2 

1052*1 

1063*0 

1074*2 

1085*5 

1097*2 

1109*0 


Parts of Cana- 
Sol utfon sugar correspoiMl- 
of Brown ing In tOOO nrtf 
Malt. 


by Weight of 
SoUidoo. 


1010*0 

1020*2 

1030*6 

1041*2 

1052*0 

1062*9 

1074*0 

1085*5 

1097*2 

1109*0 



• Die OakrtnutsekemiS ttieeensdUtfilfek begramdet mmd im ikret Anwendmmg ^ WsMu vmmt, 
Bierbrmaerti, Brmmnheeinbrennerei, tnuS H^fimeneugmngpraiiisea drnn^etem. Voo Carl M. BalUj^ 
Pntgua, IMS. Or a shortar treatise by he aame author tJMr gs wiama iii rfr/irhf JMer- mad BtwsSdesHn^ 
eneisekpetde^ Pngiu^ 1846. Seealso HandwSitarhttcfa 6. Choni. 9t« AutL 1079. 


J CtkOai. aoe. Q. J. ▼. S». 

It probably ccmtalna glyrerin and aucclntc acid, hoth of which subsUBcea bava f 
mtsor to bo prodtiGoil In alcoholic fennenutioa. 













ThfiM nombeni «hpw tbat it aa ttufprmeiited wort^ oontaioi «uie-mig«r iad 

dex&iii« lost by fermentation is la&rred firom the quantity of aloohol 

oontaixiad in the beer, on the supp^ition that the fennentable matter consisted wholly 
of starch-sugar, the estimated gnitity will be too high ; and on the other hand the con- 
version of a portibn of the fermentable sugar into nnfennentable extractive matter, which 
irivea a eolation of lower specific gravity for the same amount of carbon, will cause 
the estimate of the original gravity to come out too low; indeed, the extractive substance 
indicates only about five-sixths of the saccharine principle from which it is derived. 

To obviate these difficult!^ the authors of the Keport were led to pro^ose,for the deter- 
mination of original gravities, a purely empirical method, which consisted in ferment- 
ing solutions or cane-sugar, starch, sugar, and malt-extract, of known original gravity, 
making, at ten or twelve stages of the process, two following observations : 1, Bia- 

tilling a convenient quantity (4 tiuid ounces) of the fermented liquid in a retort as 
described at page 630, diluting the alcoholic distillate with water, to the original 
volume of Che liquid, and taking its specific gravity ; this deducted firom the specific 
gravity of water (» 1000) gives the spirit-indication of the beer: e.y. if the 
(jpocific gravity of the alcohouc distillate after dilution is 986*96, the spirit-indication 

i.s 14*06. 2. Diluting the boiled beer after cooling, to its original volume, taking ita 

specific gravity, and subtracting this, which is called the extract-gravity, ibom the 
known original gravity of the wort before fermentation. The difference gives the 
Duinber of degrcis of gravity lost^ corresponding to the spirit-indication previously 
ol»»crvi*<L Tho results of a long series of determinations of this kind on liquids of 
known original gravity are ^ven in the “ Beport*' in tho form of tables : of these W* 
hIjuU quote only those which embody the general result of tho inquiry, and are 
intended for actual use in determining tho original j^vity of beer- worts. 

Table G (p. 636) is to be used when the spirit-indication of the beer is found by 
distillation in the manner above-mentioned. The first column mves the integers of 
Hpirit-lndieation, the firactional parts (tenths) thereof being placed at the heads of the 
other columns ; the numbers in these several columns are tlie degrees of gravi^ lost 
coiTcsponding to the several spirit-indications. Thus, suppose that a sample of beer 
difttillod as a^ve, gives a spirit-indication — 6*4, and extract-gravity ■■ 1030*6. On 
the ninth line of the table, and in the column headed *4, is found the number 41*2, 
which is the gravity lost, and this added to the extract-gravity, gives 41*2 + 1080*6 
c= 1071*8 for the.originid gravity of the wort. 

As tlio distillatW of the beer in a retort, and collecting of the entire quantity of 
alcohol evolved, is an operation^ which occupies considerable time, and quires some 
experience in manipulation, it isoftendesiraoloto obtain the spirit-indicatiou of the beer 
by an easier process. This may be done by first taking the specific gravity of the be^ 
deprived of carbonic acid by agitation, then boiling it in a fiask till all the alcohol is 
exjHdled, diluting it to its original volume, end again taking its specific gravity. The 
llist result, the heer^gravUy, deducted from the second, the esttra^Ugraviiy, is the 
ij«.*w spirit-indication : thus if the beer before boiling has a specific gravity of 1044*7, 
and after boiling of 1036*1, the spirit-indication is 9*6 defiyees. By num^us 
experiments in which the beer was boiled in a retort, and the alcoholic distillate 
eolleetcd as above, it was found that the second method, the evaporation-method, 
gives a spirit-indication nearly equal to that resulting fiom tho first or distillation** 
ni»‘thod, but always sensibly less ; thus the spirit-indication of a particular sample 

9 degrees by the fiiut method, and 9*6 by we second. The experiments in <^nestion 
wore made on liquids of known original gravity, and thus a senes of determinations 
wore obtained of the relation between the spirit-indication as determined Ity ths 
eraptyration-meihod, and the degrees of gravity lost. The g^eneral results ot ^s 
inquiry, as applied to malt-worts, ore given in the Table H, the arrangement of whi<di 
in tho same as that of Table Q^, 

The authors of the Beport likewise sugfpst a rational method of dsterinmiim 
original gravities, which is interesting in a scientific point of view, though not sxpedi* 
f i»»u8 enough for practical use. It is as follows : First determioe the amount of al^hid 
in the beer by distillation. ^Zhen treat the rssidual liquid, which generally contains 
lK)th starch-sugar and tmfonnentable extractive matter, with yeast, to oomplste th# 
fermentation, and detennine ths ibdditional quantity of alcohol Urns produced, makin g 
a correction for that which is intioduced Ity the yeast itself XsMtly, make up As 
remaining smritless liquor with water to As original volume of As bssr, and take ra 
specific gravity, a correction bsiiig also mads for Ae increase of gravity cam^ 
yeast The quantity of staich-sngar c orre spon ding to As eorreeted gravi ty of Ai s 
solution of extiuetive matter nay now be fouM from a table provided fixr As mirpoi^^ 
and thia, added to Ae amount of starA-sugar cw rrsspo n dlng A As alcohol, g y 
total quantity d staseh-sugar, from which Ae origiw ghtvity may be finind 
‘‘■cAinoiiieUr taUsn. 
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Tasim 

IkgreeB 


a —'to he laed in aaeerf^ning Qrigiaal Gnj/i&e hjr AeUmtuiam- 
' Fnocasa. 

' 3egree*t(f Grati^ foet in 

Voris, 


of J^rit^ndtcoHon with cc 


D^ees of 
Spirlt- 
lodiestfea. 

0 

m 

•2 

*3 

M 

•6 

•6 

B 

•8 

•9 

0 

191 

0*2 

0*6 

0*9 


1*6 

1*8 

2*1 

2*4 

2*7 

1 


3-3 

3*7 

4*1 


4*8 

6*1 

6*6 

6*9 

6*2 

2 

Bq 

7*0 

7*4 

7*8 

8*2 

8*6 

9*0 

9*4 

9*8 

10*2 

3 

USrl 

11*1 

11*6 

12*0 

12*4 

12*9 

13*3 

13*8 

14*2 

14-7 

4 

16*1 

16*6 

16*0 

16*4 

16*8 

17*3 

17*7 

182 

18*6 

19*1 

3 

19*6 

19 9 

284 

20*9 

21*3 

21*8 

22*2 

22*7 

23*1 

23-e 

6 

24*1 

24*6 

25*0 

26*6 

26*0 

26*4 

26*0 

27*4 

27*8 

28-3 

. 7 

28*8 

29*2 

29*7 

30*2 

307 

31*2 

31*7 

32*2 

32*7 

1 33*2 

S 

33*7 

34*3 

34*8 

36*4 

36*9 

86*6 

37*0 

37*5 

38*0 

1 38*6 

9 

39*1 

39*7 

40*2 

40*7 

41*2 

41*7 

42*2 

42*7 

43*2 

43*7 

10 

44*2 

44*7 

46*1 

46*6 

46*0 

46*5 

47*0 

47*6 

48*0 

! 48*6 

11 

ESEl 

49*6 


60*6 

61*2 

61*7 

62*2 

62*7 

1 63 3 

1 63*8 

12 

64*3 

64*9 

66*4 

66*9 

66*4 

66*9 

67*4 

67*9 

68*4 

689 

13 

69-4 

60*0 

60*6 

61*1 

61*6 

62*2 

62*7 

63*3 

63*8 

I 64*3 

.14 

13 


66*4 

66*9 

66*6 

67*1 

1 

67*6 

68*2 

68*7 

1 

1 

69*3 

69*9 

1 


TAB1.B H. — To be used in ascertaining Original Gravities by the EvAPoaATioif 

PROCESS. 

Degrees of Spirit^indioaiion with corresponding Degrees of Gravity lost in Malt’- 

Worts. 


Degreei of 

1 Spirit- 
Indication. 

0 

•1 

•S 

•3 

B 

•6 

•6 

B 

•8 

•9 

0 

_ 

0*3 

0*7 

1*0 

1*4 

m 

m 


2*8 

3*1 

1 

8-6 

38 

42 

4*6 

6*0 

64 

6*8 


6*6 

7*0 

2 

7*4 

78 

82 

8*7 

9*1 

9*6 

9*9 

■cSKfl 

10*7 

11*1 

3 

11*5 

11*2 

12*4 

12-8 

13*2 

13*6 

140 

144 

14*8 

16 3 

4 

16 8 

16*2 

16*6 

17*0 

17*4 

17 9 

184 

18*8 

193 

19*8 

5 

20*3 

20*7 

21*2 


22*1 

22*6 

23*0 

23*4 

23*9 

24*3 

6 

24*8 

26*2 

26*6 


26*6 

27*0 

27 6 


28*6 

29*0 

7 

29*6 

30*0 1 

30*4 

30*9 

31*3 

31*8 

32*3 

32*8 

33*3 

33-8 

8 

34*3 

34*9 

86 6 

36*0 

36*6 

37*1 

37*7 

38*3 

38-8 

39*4 

9 

40*0 

40*6 

41*0 

41*6 

42*0 

42*6 

43*0 

43*6 

44*0 

44*4 


44*9 

46*4 

46*0 

46*6 

47*1 

47*6 

482 

48*7 

49*3 

49*8 

11 

60*3 

60*9 

61*4 

61*9 

62*6 

63*0 

63*6 

64*0 

64*6 

66*0 

12 

66*6 

66*2 

66*7 

67 3 

67*8 

68*3 

66*9 

69*4 

69*9 

60*6 

13 

mhnm 

61*6 

62*1 1 

62*7 

63*2 

63*8 1 

64*3 

64*9 

66*4 

66*0 

14 

15 

66*6 

72*0 

67-0 

67*6 

1 

1 

68*1 

68*7 

69*2 

69*8 

70-4 

70-9 

71-4 


Adulteration of The addition of extraneous substances to beer, to give it 

colour and heading^ or to provide cheaper snbstitates for the bitter of the hop, appears 
to have been formerly carried to a great extent in this country. Pr. Ure says, m his 
** Dictionary of Chemistry ” 4th edition, 1831, p. 203 ; “As long ago as tiie reim of 
Queen Aime, brenrers were fi>rbld to mix sugar, honey, Guinea pepper, essentia nti^ 
oooculus indicuB, or any other unwholesome inffredient, in beer, under a certain 
penalty ; from which we may infer, that such at feast was the practice of some; and 
writers, who p^ess to discuss the eecrets of the trade, mention most of theses and 
aome other articles, as essentially necessary. The essentia bina is sugar bailed down 
to A dark eolonr, and empyreumatic flavour. Broom tope, wormwood, and other iKfrt^ 
ydants, were flarmeriy us^ to render beer flt frr kee{^, belbre hm were mteodseedi 
into this countiy, but are now prohibited to be used in beer made mr sala,** 



































-"Bj the p w a nt Ulw of tUs ooiuitxy» Botb^ is oUbwed to enter Into the tom* 
positioii of beer, except melt and hops. Quassia and wormwood are often fhuidiilentty 
uit^nced; both of whidti are easily discorerable by their nauseous bitter taste. 
They form a bsll^ which does not preserve so well as hop beer. Sulphate of iron, 
alum, uid salt, are often added by the publicans, under the name of hier-heading^ to 
impart a ^thing property to beer, when it is poured out of one vessel into anoUier. 
Holasses and extract of gentian root are added with the same view. Capsicum, 
grains of paradise, ginger root, coriander seed, and oran^ peel, are also employed to 
give pungency and flavour to weak or bad beer. The following is a list of some of the 
unlawful substances seized at different breweries, and brewers’ druggists’ laboratories, 
in London, as copied from the Minutes of a Committee of the House of Commons ; 
cooculus indiem mvltum (an extract of the cocculus), colouring, honey, hartshorn 
shavings, Spanish juice, orange-powder, ginger, grains of paradise, quassia, Uquoriee, 
caraway seeds, copperas, capsicum, mixed £ugs. Sulphuric acid is frequently added 
to bring beer forward^ or make it hard, giving to new Mer instantly the taste of what 
is eighteen months old.’’ 

This appears at first sights a rather formidable picture of adulteration ; nevertheless 
most of the articles enumerated are perfectly harness, and of those which are really 
injurious, tlie use appears to have very muen declined, partly perhaps in consequence 
of the improved taste of consumers. Formerly there was a preference for what was 
culled yooid Aar^ Aser, that is to say beer in which nearly all the sugar and mucilim 
had been converted into alcohol by fermentation : hence the use of sulphuric ac^ 
ns above stated, to simulate the taste of beer thus advanced in fermentation. 
With regard to burnt sugar or treacle, which is added to porter to give colour and 
body, its use is now legalised, and therefore it can no longer be regarded as sn 
adulteration. 

Picric acid and cocculus indiew are sometimes added to give bitterness to beer, 
eH(>ecial]y to bitter ale. The latter of these substances is especially objectionable, as 
it cun till ns a very {mlsonous substance, viz. picrotoxin. Picric acid may be detected 
according to Lassaigne, by treating the liquid, evaporated to half or. a quarter of its 
bulk, with subacetate of lead, or shaking it up with powdered animal charcoal. Pure 
beer is the^reby almost wholly decolorised ; but if picric acid is present, the filtered 
liquid retains a lemon-yellow colour. This reaction is very delicate, sufficing to detect 
1 part of picric acid in 12,000 to 28,000 parts of beer. Subacetate of lead likewise 
])rccipitates the bitter principle of the hop, and thereby deprives pure beer of its 
liittcrness; but beer containing picric acid remains bitter aner being thus treated. 
Ai'coiding to Pohl (Wien. Akad. Bcr, xii. 88), a still moro delicate test for piciio 
acid is obtained by immersing unbleached sheep’s wool, or any fabric made there- 
M'ith, in the beer, boiling for six or ten minutes, and then washing the wool. If 
the beer is pure, the wool remains white, but if picric acid is present, even to the 
amount of only 1 pt. in 125,000, the wool then appears of a canary -yellow colour, pale 
or dull according to the quantity. 

Picrotoxin may be detected, according to T. J. Herapath, by mixing the beer with 
oxcefw of acetate of lead removing the lead from the filtrate by sulphuretted hydrogen ; 
filtering again, boiling for a few minutes ; then slowly evaporating the solution till it 
becomes thickish ; shaking it up with pure animal charcoal ; collecting the charcoal, 
whicli contains the picrotoxin, on a filter; washing it with the smallest possiblo 
fjuantity of water; then drying it at 100^ C.; boiling it with alcohol; concentrating 
the alcoholic filtrate ; and leaving it to evaporate. The picrotoxin then separates in 
well defined quadrilateral prisms ; or if the solution oe rapidly concentrate^ in 
^autiful feathery tufts. (For figures of these crystals, see Muepraifs Ckemuirg^ 

1. 283.) 

Inorganic substances added to beer will be found in the asli. Chalk is soniotimsf 
added to sour beer to neutralise the add; in that case, the ash will contain more lime 
than the normal quantity. If copperas has been added to promote the heading, the * 
liquid will give the reaction ot smphuiic acid with chloride of barium^ and the ash 
will contain an abnormal quantity of oxide of iron. 

. BMlinani VO&JLVIUi snxXVp Spiritus ayiphurU Beguini, ecmstBCs essen- 
tially of sulphide of ammonium with excess of sulphur. 

WTiXi IhmoWMAy SUDb 0W» An oil expressed in Wurtemberw from the seed of 
deadly ni^tehede (Atropa beUdgdonna), and used for iUumination and for culhuuyjmr- 
poses. Itislimpid,of goldeD-yellow colour, insipid tsate^ and without odour, clp.gr. 
0*9250 at 5« a It tut^ens at —16® C. and solidifies at -25®. The vmioiiM whic^ 

It exhales during the process of extracHon, intoxicate the woikmeD. The newotie 
^ndfde of the plant is retained in the mece^ which eeiinot IheeefoM be nsoa md 
cattle, (aorh. iL 881.) 
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^ BELt ADONSIKE BENZAMmE. 

MUiSbAllomnnik An alkaloid said to sodst in Atropa beUadontuu 
OBB* See TiK Pybites. 

BBBMOBTZB'. A fatty substance prepared tsom Burmese nfip|ttha. 

BBliOBXTB. Kobell’s name for Kbbdle-Obb. 

BBBf OXJ» OTm The oil expressed from the fruits of MoringaSvxB^hm^ Desf. ; 
Gui/andina moringa Linn. ; or Moringa oleifera Lam. It is colourless or dightly 
vellow, of specific grarity 0*912, thick at C., solid in winter. It is odourless, and 
has a mild taste, is neutral to test-paper, and does not readily become rancid. It is 
used in perfiimeiy to extract the odorous principle of fra^ant plants. In India it is 
used as an embrocation for rheumatism. According to V dicker (Ann. Oh. Pharm. 
Ixiv. 342), it is saponified perfectly by potash, 400 grammes yielding about 18 
grammes of a mixture of solid fatty acids, together with oleic acid. The solid fatty 
acids arc : 1. An acid soluble in strong alcohol, insoluble in ordinary alcohol, melting 
at 83^ C. and containing 81*6 per cent, carbon and 13*8 hydrogen, numbers which 
approximate to the formula but the quantity obtained was too small for 

complete investigation. — 2. Ordinaiy margaric acid. — 3. An acid resembling stearic 
acid, and called by Vdlcker, bento acid. 

Another kind of oil of ben, said to bo obtained from the seeds of Moringa aptera^ 
yields by saponification four fixed fatty acids, viz. stearic acid, margaric acid, and two 
peculiar acids, benic acid and inoringic €udd. (Walter, Compt. rend. xxiL 1143.) 

aSWZO ACZB* This name has been applied to two different fatty acids, men- 
tioned in the last article, both obtained from oil of ben, the one by Vdlcker, the other 
by Walter. For distinction, Vdlcker’s acid, which has the higher melting point, may 
be called benoatcaric acid^ and Walter’s }*enoinargaric acid. 

Ebnokaboabio Acid, crystallises from its alcoholic solution in very bulky 

nodules, melting ut 52^ or 53^ 0. 

Benoniargarate of ethgl is very soluble in alcohol, and separates from the solution 
ill a crystalline mass. It melts ut a very low temperature, even at the heat of the 
bund. (Walter.) 

Bunosteauzc Acid, C**H«0* according to V dl ck er, C**H**0* according to S tr e eke r 
(Ann. Ch. Phurm. Ixiv. 346). — The latter formula agrees with Vdlcker’s analysis better 
tlian the former. It is a white crystalline fat, melting at 76° C. and solidifying at 
70° C. to a shining white crystalline mass, composed of needles, which may be rubbed 
to powder; if is soluble in alcohol, and boars a strong resemblance to stearic acid. 

Benoatearate of aodium^ C”H**NaO*, is obtained by saponifying the acid with car- 
bonate of sodium, and dissolving the dried soap in al>solut6 alcohol. The alcoholic 
solution solidifies after a while to a gelatinous pulp, which is resolved into crystalline 
grains by drenching it with a large quantity of alcohol. The JartMTn-salt, 
is precipitated on mixing an alcoholic solution of the sodium-salt with chloride of 
barium. The /c«uf-salt, is a wliito precipitate obtained by mixing the 

soda soap with acetate of lead. 

Benoatearate of ethgly C”H^*0*.C H* is obtained by passing hydrocliloric acid gas 
through a solution of the acid in absolute alcohoL It is a crystalline mass, melting at 
48° or 49° C. (Vdlcker.) 

BBB&AJbBZBB. Syn. with hydride of benzoyl. See Bxnzotl, Htd&idb of. 

BBBrZBXMCZO ACZB4 Syn. with Oxyjibnzamio Acid {g. v.) 

BBBZJkKZBB. C^H’NO « of Btnzagl and Hydrogen. 

Liebig and W dhler, Ann. Oh. Pharm. iii. 268 ; Fehling, Hrid. xxviii. 48 ; Schwarz, 
ibid. Ixxv. 196 ; Laurent, Rev. Scient xvi. 391; Oerhardt, Traits, iii. lixv. 

This body may be obtained in various ways. 1. By the action of ammonia on bro- 
mide, chloride, or cyanide of benzoyl. Chloride of benzoyl, when saturated with per- 
fectly dry ammonia, evolves heat and solidifies into a white mass of benzamide and 
chloride of ammonium, which must be repeatedly broken up, lest any e hloride of ben- 
zoyl be enclosed in it, and so escape the action of the ammonia. The sal-ammoniac is 
extracted with cold water, and the benzamide crystallised from boiling water. Ger> 
hardt prefers poun^ng chloride of benzoyl in a mortar, with excess of commercial car- 
bonate of ammonium, heating the whole gently, extracting with cold water, and 
ci^tallising the residue from alcohol or boiling water. Ijaurent prepares it liy i p^x ln g 
an alcoholic solution of chloride of benzoyl with aqueous ammonia. — 2. the adioii 

of ammonia on benzoic anhydride. — 3. By the action of ammonia on bmizoate of etbyi 
The reaction takes place slowly at the ordinary temperature, more rapiidly when lie 
ether Is heated with aqueous ammonia over 100° G. in a sealed tube (Dumas).— A Bf 
boUing hippuric acid with water and peroxide of lead (Sehwari, Fehling); or by 
heataag it in a stream of dry hydrochloric acid (Strecker.) 
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its hot sqaco^ solation is cooli^ suddenly^ beunmide s^^mratea is suiail 
nearly ciystals, resembliiMf those of potiuuic dilorate. Whoa it is cooled slowly, ft 
solidifies into a mass of white shining needles, in which cavities form ajfter a timsb con* 
taining one or more large crystals; the transformation extends gradually through the 
whole mass. The finest crystals are obtained firam a solution containing a little 
]^K)tash or ammonia. The crystals belong to the trimetric system. Bensai^e is in- 
odoroui^ almost insoluble in cold water, soluble in hot water (especially if it contains 
ammonia), in alcohol, and in ether. It melts at 1 C., and solidifies on cooling to a 

ciystalline mass ; l^tween 286® and 290® it volatilises undecomposed ; its vapour 
sTueUs slightly of bitter almonds, owing to the formation of some bensonitrile, is very 
inflammable, and bums with a smoky flame. 

When vapour of benzamide is passed through a red-hot tub^ it is but slightly de- 
composed, a small portion of a sweetish oil being formed, which, according toG^hardt, 
is bi>nzonitri]e. It is decomposed at a moderuto heat, when passed through a tube 
fliletl with pumico-stone, yielding hydrogen, nitrogen, carlx>mc oxide, and bensol 
(Harroawif). Be^amido is not decom|>osed by cold caustic potash; but on boiling, 
jiotiiRsic benzoate is formed, and ammonia evolved. It is similarly decomposed by 
boiling with strong acids, the solution on cooling depositing benzoic acid, whue it re- 
tains the ammonium-salt of the acid employed. When baryta is heated with bensa- 
initle, it undergoes^ a kind of fusion, and appears to bo converted into hydrate of 
barium; ammonia is evolved, together with the oil which Gerliardt regards os benso** 
nitrile. Benzamide, heated with pot-assium, yields cyanide of potassium and benso- 
nitrilo (cyanide of phenyl), but no ammonia. Heated with benzoic anhydridie, or 
chloride of benzoyl, it yidds benzonitrile and benzoic acid : 

C»H»NO + « 2C'H‘»0* + 

Benz, mnhyfl. Benz. Hcld. Benzouttrllo. 

crn»NO + C’n»o,ci - c’ipo* + c’H‘n + iici 

Benzonitrile is also formed when benzamido is heated alone, or in a stream of dry 
hydrochloric acid (Handw.) ; or treated with phosphoric anhydride or pentachloride of 

I ibospborus. Benzamido is not decomposed by boiling with watef^ and peroxide of 
end; but if hydrochloric or sulphuric acid be added, and the whole boiled, Altered, 
mixed with ammonia, and exposed to the air, it turns brown, and deposits a monld- 
liko substance. 

When benzamide is gently heated with fuming hydrochloric acid, it dissolves, eon- 
Inning with the aci^ and forming hydrochJtoraU of Itenzamide^ C’H’NO.HCl, which 
Bf parates on cooling in long aggiogated prisms.. It is a veiy unstable compound ; the 
rrystids give off hydrochloric acid when exposed to the air, and in a few days have 
Wome opaque, and lost the whole of their acid. (Dessaignes, Aim. Oh. Pnys. [3] 
xxzir. 146.) 

Benzamide is a primaiy amide, L e, it represents 1 at. KH* in which IH is replaced 
by benzoyl. The remaining 2H may be wholly or partially replaced by a metal,, or 
an organic acid or basic radicle, secondary or tertiary amides or alkalumides being 
formed. Those alkalamidea which contain organic radicles ore described under the 
corresponding amine ; the amides and those of the alkalamides which contain a metal 
will be described here. 


Benzomercuramide. C**H**Hg"N*0* «« (N.C^n*O.H)*Hg'' (Bessaignes, 
Oe rhardt, loc* cit .). — Aqueous benzamide dissolves mercuric oxide abundantly, ana 
the Maturated solution solidifles to a crystalline mass, which is coloured with excess of 
oxide. This is treated with hot alcohol, and the solution on cooling deposits benzu- 
mercuramide in white shining laminae, which may be washed and dried at 106® 0. It 
is readily soluble in alcohol and boiling ether, it is violently attacked by chloride of 
benzoyl, yielding ^nsoic acid, benxonitrile, and chloride of mercury. 

Aqueous benzamide also dissolves small quantities of enpric and argentic 0!i)des; 
but the compounds have not bc»en examined. a. 


Benzaeetozulphophenamidz. C»Hi«NSO« - N.CrHK).C*H*O.CnB[*SO».*- Fio- 
duced by the action of^chloride of aeelyl on benzosnlphophe^lasgentainidet 
Benzoeumplsulpkopkenamide, 0»H«NS0« N.OTt«0.C«^»0,0*aWl*i is 

obtmned by the action of chloride of cumyl on bensosidpho^isinaigatitsaiiids ; it cays- 
taUiaes ftom ether in eonfiised prisms. 

^ Benzozalicfflimide, 0*^HW0* «» (Biinpricl^^^ ^j^a^C ^ 

a s mall retort to Wo® C.t'untU about^^^ias volatilised, snd boding the tesidiie irilh 
small qnatitfttes of aloohol, to remove the undecompoif^ acid. The pul vsnileQ^ 
•>»licyllmide is dissolved in a laxger quaiitity of boiliiig slcobol, whem it scpanlgl tW 
in endd yellowish needles. It is solnbto itt abont 1<KKI pto indliiig alce^ 
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Bentotulphi^pJ^tnamide, 0“H"N80* •* N.C’HK)*C*H*SO*,H (Gherliardt tnd 
Chiozza, Ann. Ch. Phys. [3] idri, 145 ). — Obtained by heating eqniTalent auautitiet 
of (iloride of benzoyl and snlphophenamide to 140® — 145® 0., as long as hydrocfalorie 
acid is evolved. The fluid niass crystaliises on cooling, and is reciTstallised from 
boiling alcohol. Forms shining, colourless, truncated, interlaced needles, which am 
slightly soluble in cold water or ether, readily in alcohol. It has a strong acid reao* 
tion, and is readily soluble in caustic alkalis. It melts between 135® imd 140® C. ; 
when quickly heated, it bums, gives off vapours of benzonitrile, and no longer solidifies 
on cooling. Its ammoniacal ^solution becomes syrupy when gently evaporated, and 
finally solidifies into a radiated mass, which Gerhardit states to be the acid ammonium* 
salt of henzosulphophenamie acidj C**H*®N*S*0® ■» NH*.(0**H**NS0‘)®. This salt is 
veiy soluble in water and alcohol, but insoluble in ether. When an acid is added 
to ito aqueous solution, an oily substance separates, which soon changes into needles 
of benzosulphenamide. 

Benzosulphopbenamide, like many other amides, behaves like a hydrate when acted 
on by peiitachloride of phosphorus, forming the chloride of a peculiar body, wMch 
Gerhardt calls hmzo8%dphophenamidyl. 

C»H“NSO* + PCI* « C>’H*»NSO» Cl + PCPO + HCL 

Chloride of bento* 

•ulphopheiiamldyl. 

The reaction does not take place till heat is applied. The new componnd is decom- 
posed by heat into benzonitrile and chloride of sulphophenyl. When it is tritu- 
rated with carbonate of ammoniam it forms an amide, hmzosvtlphophenamidylmmde, 
N.C**H ®NS0*,H*, which crystallises from alcohol, and is very slightly soluble in 
ummouia. (Gerhardt, cited in Handw. ii. [1] 884.) 

Benzo$ulphop henar gent amide, C**H*®AgNBO* c=N.C^HK).C*H*SO®. Ag, — ^When 
nitrate of silver is added to a boiling aqueous solution of benzosiilphophenamide con- 
taining a little ammonia, there is no precipitate ; but on cooling, this compound separates 
out in colourless needles. It is but slightly soluble in cold water, re^ily in ^cobol. 
It is decomposed by heat, giving off sul{murou8 anhydride and benzonitrile, and leaving 
a residue of metallic silver and carbon. Its solution in strong ammonia yields on eva- 
poration, fine rose-coloured crystals, which contain tlie elements of 1 at benzosulphb- 
pheuamide 1 at. ammonia. They are readily soluble in boiling water ; the solution 
on boiling deposits crystals of benzosulphophenargentamide ; the addition of an acid 
separates benzosulphophenamide. Gerhardt regards this compound as a ^amide, 
N’‘.0’H*0.G*H*S0*,Ag,H*, a view which the absence of a diatomic radicle renders 
improbable. 

Benzosulphonhenylsodamide. C»»H*®KaNSO» - N.C»H*O.C*H*SO*Na.--Ben- 
zosulpliophenamido dissolves in sodic carbonate with evolution of carbonic anhydride ; 
tlie solution is evaporated to dryness, and the residue exhausted with boiling alcohol, 
w^ich deposits the compound on cooling in opaque nodules. It is soluble m water ; 
acids separate from it benzosulphophenamide. (Gerhardt, cited in Handw. iL 
[1] 884.) 

Dibenzoaulphophenamide. C*®H**NSO* «» N.(C’H*0)*.C*H*S0. (Gerhardt 
and Chiozz a, too. dt .) — Obtained by the action of chloride of benzoyl on benzosnlpho- 
phonargentamide. Chloride of silver is formed, together with a viscid mass, wmch 
dissolves in ether, and crystallises in large brilliant prisms. It melts at 105® G., and 
is slightly soluble in ammonia. It cannot be obtained by the action of chloride of 
benzoyl on benzosulphophenamide. 

Benzoyl enters into the composition of certain hiamides and triamidea, forming 
compounds, wliich will be described under the original diamidee and triamidea 
referred to. 

Sybstitutum'produeU of Benzamide. 

’ Bromohene amide is not known.-<-Benzamide dissolves in bromine, without evo- 
lution of hydrobromic acid ; the solution, after some days, deposits deep-red crystals, 
having the composition C^ITNOBri, which may be reg^ed as the bydrohroniate of 
hromobenzamide, C’H%*NO.HBr. The aystals are deoompoeed slowly by water, im- 
mediately by ammonia, with separation of benzamidou (Laurent.) 

Chlorohene amide. C'H^CINO N.C'H^CIO.H* (Limpricht and XTalar, 
Ann. Phann. cii. 263). — Obtained by dissolving chl^de of chlorobenzoyl in 
etrong aqueous ammonia; the solution deposits yellow huninie of ehlorohenzamide^ 
whidk ore ptitified by recryutalliaation from hot water or alcohoL It is ms<diihle in 
cold water ; it frues at 122® C., and sublimes in small quantities. The eompound db^ 
tained by Gerhardt and Drion (Ann. Ch. Phys. [3] zlv. t02X by tritmatiiitt 
eUoride cf cUorobeiiaoyl with carbon^ of ammonium, 1^ the same oompositioa wilS 
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th« abote. bat diiflas from it slightly in properties, being imolabte in ^ter, solable 
io a]coh<^ or omxnonife, whence it cxystauises in fine needles. It evolTes ammonia 
when boiled with potash. 

rntrobenramide. C»H*NW - N.C»H<(NO*)O.H». (Field, Ann. Ch. Pharm. 
bcT. 4d. Chancel, Compt. Chim, 1849, 180.)~Obtained in small quantity by fbsing 
nitrobensoate of ammonium. Better, by adding aqueous ammonia to a solution 
iiitrobensoie pther in a rather large quantity of alcohol, and allowing the mixture to 
stand for some days till it^ is not render^ turbid by water. It is then eTapo- 
rated on the water-bath till it crystallises on cooling ; and the crystals are punned 
by reciystallisatipn from mixed alcohol and ether. It is also formed by the action 
of ammonia on chloride of nitro^nsoyL Nitrobenzamide is slightly soluble in 
cold, readily in hot water; also in alcohol, other, or wood-spirit. From these 
latter solutions it crystallises in long needles, or, by slow evaporation, in large tables 
reseiiibling gypsum. It fuses above 100^ C., and crystallises on cooling. When boiled 
witli strong potash, it forms potassic nitrobenzoate. Its aqueous solution is decom- 
posed by smphide of ammonium, as follows : 

C"H«N*0« + 3H*S - CWITO + 2H*0 + SP 

Plien}’!* 

carbamide. 

(Phenyl- urea.) 

Dinitrohene amide, C^H*N*0* « N.C’n*(NO*)*O.H* (Voit, Ann. Ch. Pharm. 
xcix. 105.) — ^When dinibxibenzoic ether is digested for some days with alcoholic 
ammonia, it forms a blood-red solution, which deposits dinitrobenzamide in yellowish 
laminie and prisms. It has a bitter taste, and dissolves sparingly in cold, more readily 
in hot water; the solution is neutraL It molts at 183^ G., and is decomposed by 
further heat. Its ammoniacal solution is not precipitated by nitrate of silver. 

Thiobeneamide, Schwcfeihenramid. Hemamide stdfuri, C*H*NS N.C^H*S.H* 
(Cahours, Compt rend, xxvii. 329). — ^When a solution of bcnzonitrile in slightly 
ammoniacal alcohol is saturated with sulphuretted hydrogen, the liquid becomes 
browniKh-yellow; and if, after some hour^ it is boiled down to its volume, and 
water added, it deposits yellow flakes, which dissolve in boiling water, and separate 
on cooling in lonu yellow silky needles of thiobenzamida It is decomposed by mer* 
curie ^oxide, yiriding mercuric sulphide, water, and benzonitriJe ; by potassium, 
yielding potassic sulphide and cyanide. F. T. C, 

BBWZABKZSi. C*H*^*0* (?) (Laurent, Bov. scient. xix. 446.) — Crude 
bitter-almond oil, shaken up with potash, is distilled till almut has passed 
over, the residue dissolved in ether-alcohol, and ammonia passed into the solution. 
T!ie dep<Mit which forms is separated and boiled with a large quantity of ether ; and 
the elution on cooling deposits silky cxystals and a white powder: the latter is ben- 
zamil. It is nearly insolulile in alcohol, diffic^tly soluble in ether. It melts at 170^ O., 
and solidifies very slowly. On dry distillation, it yields a substance soluble in pther. 

It dissolves in alcoholic potash, and the solution, on cooling, deposits crystals which 
have not been examined. F, T. C. 

BBWZABmxBBc Syn. with Phenylbonzamide. See pHBNrr-AMnrB. 

BBJISLBMB or BBMBOB. C*lf * or Hydride, of phenyl^ Iticarburei 

of kydrog^, (Faraday, Phil. Trans. 1825, 440. Mitscherlich, Ann. Ch. Pharm. 
iz. 39. jP5Iigot, Ann. Ch. Phys. [2] Ivi 59. Mansfield, Cbem. Soc. Qn. J. i. 244.) 
—Discovered by Fara^y. It is a product of the decomposition of manr organic com- 
pounds, being formed: 1. When benzoic odd is beatea with caustic lime or boi^ta 
(Mitscherlich), or when its v^ur is passed over red-hot iron (Darcet, Ann. 
Ch. Phys. [2] Ixvi. 9^ — 2. When phtalic add is heated wira caustic lime 
(Marignae, Ann Ch. Pharm. xlli. 217), or insolinic add with baryta (Hqf- 
mann). 3. By dry distillation of quintc acid (W’ohler). — 4. By passing vapour 
of iMcr^mot-oil over red-hot lime (Ohme, Ann. Ch. Phann. xxxi. 318). — 5. By 
passing fats through red-hot tubes (Faraday), — 6. By dry distillation of coal 
(Hofmann, Mansfield). — 7. In small quantity, whan acetic add or alcohol is 
pMed through a rod-hot tube (Berthelot, Comiii. ronA xxxiiL 210). It is also 
found in Rangoon tar. (De La Rue and Mflller.) 

The readiest method id preparing pure benzene, is to distil 1 pt benzoic add with 
^ pt«. slaked lime at a gent^ ineroasiiig heat; the mixture of benzene and water which 
Tf'^oee over is shaken up with a little potash, the benzene decanted, dried over 
1‘nloridf* of calctum, and reetifled on the water-bsth. 8 pts. bcnaoic add yield 1 pt. 
b^ene. The moet abandant eouroe of benzene ie coal-tar ; but the product obtaum 
^*** tbis eoaree is veiy impnre, oontainiig several higher hydrocarbons, volatile 
vkoloidi^ and other eabetanece. To obtain benzene pore, Hansfleld sbakfe dim 



light oil obtained by the distillation of coal-tar with dilute Bulphnric ^eid, th&a witb 
water, and then with potaab, in order to remove all the aezda apd ^aloida that it 
containa, and submits the washed oil to ideated factional distillation ; the portion 
which passes oyer at 80® — 90® 0. is cooled to — 12®, when the benzene ciTstallises, 
and is purified from liquid substances by pressure. A better method is to distil 
the washed li^ht oil in a metal still, to pass the vapoiu: upwards through a tube 
surrounded with boiling water, and t»n into a cooled receiver ; thus the oils which 
boil above lOO® C. are condensed apd run back into the still. The distillate is 
similarly treated, the water round the condepslng-tube being l^t at 80® C. and the 
distillation stopped when the heat in the retert rises to 90®. lliis second distillate, 
(only hiilf of vduch solidifies at 20® ), is shaken up with ^ vol. strong nitric acid, de- 
canted, and shaken up with i vol. strong sulphuric acid, rectified without decantation, 
and the product purified as before by cooling and pressure. Commercial benzene is 
always very impure, containing many higher hydrocarbons ; it may be approximately 
purified by distillation in the water-bath. 

At the ordinaiy temperature, benzene is a limpid, colourless, strongly refracting 
oil, of specific gravity 0*8o at 16®-5 C. (Faraday, Mitscherlich), 0*8991 at 0^ 
(Kopp). When cooled, it solidifies int^Wem-like tufts, or into hatd masses like 
camphor, which melt at 6®*5 C., expanding in bulk at the same time, and solidify 
again at 0®. At —18®, it is hard, brittle, and of specific gravity 0‘956. It boils at 
80®:4 at 778 mm. (Kopp), at 86® (Mitscherlich), and volatilises undecomposed. 
Its vapour-density is (expt.), 2*77 (calc.), 2*704. It has a pleasant smell. It is 
scarcely soluble in water, but imparts a strong odour to it ; readily soluble in alcohol, 
ether, wood-spirit, and acetone. It dissolves sulphur, phosphorus, and iodine, espe- 
cially on heating; fixed and volatile oils, camphor, wax, mastic, caoutchouc, and 
gutta-percha, abundantly; gum-lac, copal, anime, and gamboge, in small quantity; 
quinine, somewhat readily ; strychnine and morphine in small quantity ; cinchonine, 
not at aU (Mansfield). Impure benzene is much used to remove stains from 
silk, &c. 

Benzene is vei^ inflammable, and bums with a bright smoky flame. A mixture of 
1 vol. benzene with 2 vols. alcohol of 0*85, frrms a very good lamp-oil ; a larger pro- 
portion of benzene gives a smoky flame. When vapour of benzene is passed through 
a red-hot tube, carbon is separated, and a gaseous hydrocarbon formed. Chlorine and 
bromine (not iodine)^ act upon it in the sunshine, forming substitution-products (see 
below). Strong nitric acid converts it into nitrobenzene ; according to Abel, the same 
result is obtained by repeated distillation with dilute acid. Sulphuric anhydride or 
fuming sulphuric acid converts it into solphobenzide and sulphophcnylic acid ; strong 
non-fuming sulphuric acid into the latter product only (Gerhardt). According to 
Mansfield and Mitscherlich, the non-friming acid has no action upon it. Potassium^ 
aqueous alkalis^ and pcrchloride of phosphorus^ do not act upon benzene, even when 
heated to its boiling point; neither does aqueous chromic acid (Abel), or phosgene 
gas in sunshine. (Mitscherlich.) 

Church (Phil. Mag. [4] xiii. 41d) describes, under the name of Parabenrene^ a 
hydrocarbon obtained by lum from the light oil of coal-tar, which is isomeric with 
benzene, but has a different smell, boils at 97®'8 C. and does not solidify at ^20®. 
Nitric acid converts it into nitrobenzene; fuming sulphuric acid into an acid isomeric 
with sulpliophenylic acid, but whose copper- and barium-salts are somewhat dififerent 
in properties from those of that acid, 

Hofmann (Ann. Gh. Pharm. Iv. 201) gives a good process for the detection of 
benzene in a mixture of volatile oils, founded on the facility with which benzene is 
converted into nitrobenzene by nitric acid, and nitrobenzene into phenylamine by 
reducing agents. The liquid to be examined is warmed in a test-tube with fuming nitric 
acid, diluted with water, and shaken up with ether, which dissolves the nitrobenzene. 
The ethereal solution is separated by a pipette, and mixed with equal volumes of 
alcohol and hydrochloric acid, and granulated zinc added. After five minutes, the 
mixture is saturated with ^tash, again shaken up with ether, which dissolves the 
liberated phenylamine, and the ethereal solution evaporated on a watch-glass ; the 
addition of a drop of hypochlorite of calcium to the residue gives the intense pm]^ 
colour characteristic of phenylamine. 

SubsHHUion-products qf Benzene, 

BfwmSmiS jdlssolves in benzene, forming compounds in which 1, 2, and $ at H 
M^laeed by Br. 

Bfornohknzene, Monchremchenzid, Bromide of phenyl, C*H*Br (Coup#?# 
Ann. Ch. l^yfl. [8] lii, 809). -—The vapour of an equivment quantity of hwiniiijp; li ^ 
passed into a laige- flask in which eome benzene is heated to boiling; the picdiiel ^ 
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wsslied with potash, dried, and distilkd ; most of it passes over about IdO^ a It is> 
colonriees Hqaid, smelHng like benasene ; it does not solidify at - C. ; its 
density is d*631. It is not deeompoi^ when heated to 200® G. with acetate of silyer, nt 
with a solution of sulphate of silver in s^ng sulphuric acid. Heated with potassiutti 
in a sealed tubet, ,it explodes ; ^th sodium, it yields benzene and a ctystallino bodfy. 
Fuming nitric acid converts it into hramonUrAenrene^ C*H<BrNO*, amtystallinobocly 
which melts below 90^, and dist ils und^composed. Fuining sulphurio acid dissolves it^ 
forming Irromosulpkcpien^ie act'd. 

J}i6romchenjsene, aihrcmsbemid^ (Couper, ett *) — When mono* 

Vromobenzene is acted on for some time by excess of bromine, bydrobromic acid is 
•volved, and cijrstals seppate, which, by reciystallisation from ether, are obtained in 
largo oblique prisms, which melt at 89® C. and boil at 219® without decomposition. 

J'ribromobenjrene, Terbromobenzid, C*H*Br* (Mits cherlich (183d), Po» 
Ann. xxxv.*374. Lassai g n e, Rev. sciont. v. 860). — A mixture of benzene and bromma 
('X}>osed to sunlight gradually forms a solid crystalline body, which is purified by 
was) ling with boiling etlier. This is the hydrohr^maU of tribromobi'nsme^ C^H^Br* •• 
C<IPBr*.3HBr. It forms a white inodorous tasteless powder, insoluble in water, 
sparingly soluble in boiling alcohol or ether, whence it crystallises in microscopic 
oblique rhombic prisms. It is fusible, and crystallises on cooling. Whan heated, it 
partly sublimes undecomposed, and is partly resolved into tribromobenzene, hydro* 
bnirnic acid, bromine, and hydrogen Iieated with hydrate of calcium, it yields iri^ 
hromohmzene. This compound is best obtained by boiling the hydiH)bromate with 
alcoholic potash, adding water, dissolving the precipitated oil in ether, and eyaporating 
tlie solution; it forms silky, voxy fusible needles, soluble in alcohol and otW, and 
volatile without decomposition. 

Monochlorobcmene, Seo Phenyl, CnLOumu of. 

Trichlorobcnzene, Chlorobcnzid, C*H*C1* (Mitscherlich, loc^cit^ FSligot, 
Ann. Ch. Phys. [2] Ivi. 66. Laurent, ibid, Ixiii. 27). — The action of chlorine in 
stinsliino upon benzene is similar to that of bromine, resulting in the formation of 
crystals or hydrochlorate of triMorobenzem^ OH^CP ■■ C*II*C1*,3HC1, which are 
washed with ether or recrystallised from boiling alcohol. It forms colourless shining 
luminte, or rhombic prisms with truncated lateral edges, insoluble in water, soluble in 
alcohol or ether: melts at 132® C. (Mitscherlich ) ; 136® — 140® (Laurent) ; distils 
completely at 288®, with partial aecomposition, without leaving any residue. In its 
decompositions, it resembles the.corrosponding bromine compound. IVichlorobenzenB 
is obtained by the repeated distillation of the hydrochlorate alone (M itscherlich) ; 
or by heating it with hydrate of barium or calcium, washing the distillate with water, 
and rectifying it over chloride of calcium; or by boiling it writh alcoholic potash 
(Laurent). It is a colourless oil, of specific gravity 1*467 at 7® C. ; boils at 210®; 
vajH)ur-density 6*37 ; insoluble in water, soluble in lucohol, ether, or benzene. It ifi 
not attacked by chlorine, bromine, acids, or alkalis. 

Chlorodinitrobenzene, Sm Chlobidb of DiNZTnopHSMTr., nnder Phbntl, 

ClILORlDB OF. 


Nitrobenzene, Nitrohmzol. Nitrobenzid, C*H*NO* (Mitscherlich (1884), 
Pogg. Ann. xxxi. 626). — ^^ormed by the action of Aiming xiitnc acid on benzene, or by 
the dty distillation of nitrobenzoates. Prepared by gradually adding benzene to warm 
fuming nitric acid ; the nitrobenzene separates as an oil on cooh’ng, is washed wi|)|( 
water, and rectified over chloride of calcium. It is a yellowish liquid, with* a ve^ 
sweet taste, and a smell like bitter-almond oil; specific gravity 1*1860 at 14®*4(5« 
(Kopp); bofls at 213®C. (Mitscherlich), 219® — 220®(iropp); vapo.ur-den8ity 4*4. 
Below 3®C, it crystallises in needles. It is insoluble m water, readily soluble in 
alcohol and ether. It is much used by perAuners. under tbs name of Eaeenee de mir* 


l>ane. It la not attacked either by chlorine or bromine at the ordi 




mg hy^hoclilorie acid. Fuming nitric add dissolves it, and on headng. converts it 
mto dinitrobenzene. Strong sulj^arie add dissolves it, and on heating decomposes 
It. forming a dsrk-coloured solutioii, and evolving sulphnroTis anhydnds. Dilute 
nitric or sdphuric add does not attadk it, even at 100® Cf. It is scarcely attacked by 
boiling irith aqueous potash or ammonia, or by distillation over caustic lime; when 
lulled with alcoholic potash, it yields azozybenzide (p. 470) ; sad when distilled with 
alcoholic potash, azobenzide. When a solution of nitrobenzene in alcohol is mixed 
With ammonia, and saturated with sulphntetted hydrogen, snlphurii depositsd, and the 
product, when cooled to 0® CL, aolidifles to a masa of yellow needles, wnich are soluble 
»tt water or aloohd and have a bidng taste ; on driving off the alcohol hy heat, more 
sniphur Is deposited, and pbenylamue is finally left: 


4- 8H*S - OTra 4 2H*0 4 S». 
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Other reducing agenl^ zinc with s mixture of alcohol and hj^droddoric add, 
iron filing and acetic acid, and orsenite of potassimn, conrert nitrobenzene into 
phenylan^e. 

Dinitrobenzene. - (>H<(NO*)* (Deville (1841), Ann. Oh. Phya. 

£8] iii 187. Muapratt and Hofmann, Ann. Ch. Pbarm. Ivii. 2I4).-^Formed yezy 
elowly bj boiling nitrobenzene with fuming nitric acid ; rapi^j when nitrobenzene is 
dropped gradnaSv into a mixture of equal Yds. fiuning nitric and strong sulphuric 
acid as long as solution takes place. The mixture is boiled for soine minutes, and the 
crystalline magma which forms on cooling is washed with water and reciystallised 
firom boiUng alcohoL It forms long shining needles or laminae, which melt below 
100*^ O. and solidify into a radiated mass. It is insoluble in water, soluble in warm 
alcohol Sulphide of ammonium converts it into nitrophenylamine, and separatee 
sulphur. Zinc and hyivocUoric acid convert it into nitrosophenylin {q. o.) Accord- 
ing to Hilkenkamp (Ann. Ch. Pharm xcv. 86), sulphite of ammonium converls 
it into a peculiar aci^ dithwbenzolw or phenqldistd-phodiamic acid^ C*H*N*S*0*. He 
obtained this compound by the action of sulphite of ammonium on nitrobenzene, as 
follows ; but he attributes its formation to the presence of dinitrobenzene. He heated 
80 grms. nitrobenzene with 240 grms dry sulphite of ammonium, 1 litre absolute alcohol, 
ana some carbonate of ammonium, for 8 or 10 hours on a water-bath. The liquid was 
filtered from the sulphate of ammonium which separated on cooling, and evaporated to 
a syrup, when it deposited at first abundance of fine wliite lamince, which quickly 
decomposed, and then a smaller quantity of hard needles, which are the ammonium- 
salt of this acid. 

C«H^N-0* + 6SO*N*H» - C«H*N»S*0« + 4SO‘N*H* + dlSTH* 

DInitrobensene. Dithiolienzolic 

acid. 

It is readily soluble in water or dilute alcohol, slightly in absolute alcohol, insoluble 
in ether. Nitric acid colours its solution yellow ; chlorine forms with it abundance 
of cMoranil, with traces of a brown resinous substance. The barium-salt is crys- 
talline, soluble in water, insoluble in olcohoL The acid has not been obtained in the 
firoe state. F. T. C. 

SBirZBTB&AMEIXta* Hydride of Cyanasohenzoyl, (Laurent, 

Ann. Ch. Phys. [2] Ixvi. 180; Laurent and Oerhardt, Compt Chim. 1860, 114). 
— ^A product of the action of ammonia on crude bitter-almond oil ; or of cyanide of 
ammonium on hydnde of benzoyl. 

3CWO + NH^CN « C**H'*N*0 + 2H*0. 


Crude bitter- almond oil heated to 100® C., is saturated with diy ammonia, and the 
product dissolved in ether-alcohol: after twenty-four hours, the solution begins to 
deposit ciystals, which go on increasing for three or four days. The mother-liquor is 
decanted, and the crystals treated with lioiliug alcohol, which leaves a white residue, 
benzoyl<izotide. The solution, on spontaneous evaporation, deposits small needles, mixed 
with drops of oil : these are washed quickly with a little ether-alcohol, and reciys- 
tallised from boiling alcohoL It is also formed in the process for the preparation of 
azobenzoyl (y. v.) 

Bonzhydromide forms colourless, microscopic, rectanguLir prisms, with two terminal 
faces intersecting at an obtuse angle. It is insoluble in water, sparingly soluble in cold 
aloohoV readily m hot alcohol or in ether. It is very fbsiblc, and solidifies on cooling 
to a resinous mass, without decomposition : when farther heated, it gives off hydro- 
^anio acid, and yields an oil, a ciystalline sublimate, and a little carbon. It is not 
decomposed by cold dilute hydrochloric acid ; but, on boilings it yielda hydride of 
benzoyL hydrocyanic acid, and chloride of ammonium. If\ T. C. 

BSarurniBOCnr JLirZBmi Syn. with Bbz«ziicidb (;. e.) 

BBWXBTlIBOSto BWZBmBO&ZO B.C8I8. Bochleder uid Hlaaiwetz gave 
the name of benzhydrol to a canrohor obtained by them from oil of cassia. Fuwer 
investigation by Imhleder and Schwarz, has shown that this camphor contains two 
substances, one richer in hydrogen, the other in oagrgen : they call the fimner benzky- 
ifro/, the latter, benzkydrolie acid. F. T. 0 

Syn. with PHBHTnAKXMS (g. w.) 

. C'W*N» - (Zinin, J. pr. Chem. xxxH. 93; UiL 

173 ; Ann. Ch. Fharm. Ixzxr. 328.)— An oigaoie dknli formed by th. rediutiod at 
asobeaseae or mxybenzene. It is obtained by saturating with snl^uretted hy ~ 
a solution of aaobensene in alcoholic ammonm : the liquid turns brown, nne 
hsated, d^osits sulphur abundantly, whidi is filtered off The filtrate, on | 
deposits orystals of benzidine^ which ars purified by dissolving them in t 
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a» p^p..,- 

benxidiiM in white shuiiiigMiaM. ^en an solntion ***?“'•■ 

bcoteae ii treated with anlphttroas acid. aulphiSrrf ®f “«X- 

Benidine ia inodoroua ; scarcely soluble in cold wato re^illf 
or ether ; its solution has a bitter burning taste. It melts at i^^n* 
ciystalline mass : fhrther heated, it port^sulilimes and ia “ 

a solution of bensidine, or its salts, is treated with chIortnA^*?*Si^*****!P***®?; 
cUrk brown, and depute scarlet cirSK^lvJSnbS 
alcohol (proUly aXnsene). 

ijiul iM)nvert it into asobenzene (Noble). It is decomTvuutri ^ i P«ntle heat, 
B.^nr.idine combines with acids, foming de&SS^ .. 

orystalhsable : their solutions are precipitated by caustic dkalis m .11* 
rUo hfjdrochloraU, C'*H‘’‘N-.2HCI, cr^stallisoJ ^ ^ ftikahn© ttrbonates. 

s.>liible in waU*r or nloohol, almost insnluKlo aV rhombie prisms, 

( '*M '*N^2HCI.PtCP, isayollow crvstaUine oreeinifRfA^ k ^ 

of pliitiiium to the aqueous or alcoholic solution^nf ternichJonau 

HoLle in water, int'olubk ^er When^^ 

with alcohol or ether), it is converted into a dark vinl-i t'oadily 

n-i tangular prisms, soluble in water The ofid forms 

white, silky. ‘radiated needles. eligrtlTiolubte in watcT^ iLf 

(;'“H'*N».SO‘H* separates as a duU white n^ider wLn ^rr ^- 

solution of bensidiue: fcomaTeryriute iSuS.B i. to a 

soluble in boiUng water or alcohol. The Won**^ 

3.E';:£,Suar* '»""• 

s'l •»! 5 

Ann. Ch. Phari c*?. 362 ) ^ ' ‘ «oy. Soc. a. $96; 

hy drate N*(C'^I*)"(C*H*)\ChV f ^ strongly ulkuhno solution contaiaing the 

.vllowwh six-aid^ .®^P«"«fao° of >te alcoholic or ethereal aolutioii in long 

I' is witbATif — .y .«« .«»n»nK»nly hollow. Obsereed fscr^ »P.oP.“ 

I huiic acid *»>•«•. «d warm 

“"1 Bolidaeito between WOwd^io, 

."^th aqueous ^h • brt^iShSe/lM."? ^ with nitric JSdm 

b«Kilii acid. . ^eiAohc potash, it tama blna and forms 

•woidiM to ^»t h ammoni a nn a^hobc aolntion of bansil forms yariona arodnatiL 

H N 
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yields two or three dlfierent products, among which is hydroberurU «,) ^’nsedwitb 
potassium, it gires off violet vaMnrs and leaves a carbonoceoiis zesiaiUL 
Bemdl is polymeric with the nypothetical radicle benzoyl, C^H). 

HydroeyanaU of BenzU, C**£P*N*0^ » C*^H*®0®,2HCy (ZiniiO* — 'When benzil 
is dissolv^ in boiling alcohol, and an eqnal weight of nearly anhydrous prussic acid 
is added, the mixture gradually deposits white shining rhombic tames of hydrod^aaste 
of b^iL This compound melts and decomposes when heated, leaving pure benzil 
It is not attached when boiled with water or strong hydrochloric add : when heated 
with nitric add or ammonia, it yields benzil Its alcoholic solution mvea with nitrate 
of silver a predpitate of cyaniae of silver, and benzil crystaUises from the solution. 
When its iucobolic solution is heated with mercuric oxide, mercury is reduced, and the 
smell of benzoic ether becomes distinctly perceptible. F. T. C. 

MIVKELAaB. (Laurent, Bev. scient xix. 443.) — Formed, together 

with imabenzil and benzilim, by the action of ammonia on benzil It is best pre- 
pared by dissolving imabenzil or benzilim in sulphuric iMud, and adding water, 
when an oil separates out which speedily solidifies : this is washed with water and 
a little alcohol crystallised from ether-alcohol It forma colourless rhombic 
prisms readily soluble in alcohol or ether. It melts at 105^ C. : if imperfectly fused, 
it quickly crystaUises on cooUng, but if perfectly fused, it solidifies much more slowly, 
without crystallisation. It is volatile without decomposition. Boiling alcoholio 

S otash has no action upon it : nitric acid decomposes it, yielding an oil which ciystal- 
ses on cboling, and is insoluble in ether : it is soluble In sulphuric acid, and is repre- 
cipitated by water. F. T, C. 

Bsirxmo ACZ2>. StUhic Add. (Liebig [1838], Ann. Ch. Pharm. 

XXV. 26. Zizin, ibid. xxxi. 329.) -—Formed by the action of alkalis on benzil or 
benzoin. Benzil is dissolved in boiling alcoholic potash, in such quantity that the 
solution remains distinctly alkaline, and the whole is boiled until a sample of it gives 
no turbidity when mixed with water. The solution is then evaporated to dryness on 
the water-bath, the residue powdered, and exposed to an atmosphere of carbonic anhy- 
dride tiU all the potash is converted into carbonate ; it is then extracted with alcohol 
the solution mixed with water, and, after distiUing off the alcohol decolorised with 
animal charcoal, and evaporated to cry^^tollisation. The potassic benzilate thus ob- 
tained is redissolved in water, and mixed with boiling dilute hydrochloric acid : on 
cooling, benzilic acid crystallises out. 

It forms hard, shining, colourless needles, which are sparingly soluble in cold, more 
readily in hot water, easily in alcohol or ether. It has no smell, a bitter metallic 
taste, and a strong acid reaction. It melts at 120^ 0. ; when heated more strongly, 
it turns red, and emits violet vapours which condense to a brown-red oily liquid a 
residue of carbon being left. This oil is volatile, insoluble in water, soluble with a 
red colour in alcohol or other : the solution is not decolorised by water, or by hydro- 
chloric or sulphuric acid, but it is decolorised by potash, ammonia, or nitric acid. 
Benzilic acid bums vdth a very smoky fiame. With strong sulphuric acid all 
benzilates give a fine crimson colour, which is not easily destroyed by heat disappears 
on adding water, but reappears on evaporation. It dissolves in warm nitric acid, and * 
is precipitated unchanged by water. Pentachloride of phosphorus converts it into 
chlorobenzil 

Boneilatts . — Their general formula is The Icad-salt is obtained by 

adding the aqueous acid to neutral acetate of lead. It is a white powder, slightly 
soluble in hot water ; it is unalterable at 100^ C., but when strongly heated melts to a 
red liquid, and emits violet vapours. The •pQtQ»du}n~8Qlt forms colourless, transparent» 
anhydmus crystals, readily soluble in water and alcohol insoluble in ether. It melts 
at 200 and solidifies on cooling : heated more strongly, it decomposes, yielding a 
colourless oily distillate, smelling like naphthaline, iDsoluble in water, sohihle in 
alcohol; the residue contains carTOn and potassic carbonate. The dlver-^salt is a 
white, crystalline powder, obtained by precipitating nitrate of rilver by the potaasinm* 
salt. It IS slightly soluble in hot water ; at 1 00^ C. it turns blue, without loeumg weig^t^ 
and melts when mrther heated, emitting violet vapours and leaving metallic silver. 

F. T. C. 

annUCLZac. BenrUimide. C?“H”N*0* (Laurent [1846], Bev. scient. xix. 442)* 
—One of ^e products of the action of ammonia on benzil. It is most easily obtained 
{Nue by dissolving imabenzil in boiling alcoholic potash, and adding water to the 
aoluUon. It fbrma white, ailfcy, rsTy fine needles, i^>aringly soluble in alcohol or 
e£her. It melts at 130^ G. and solidifies slowly in cooling to an amorfdiona nuMaM * 
distils apparently nndecomposed, but the distillate ia readily soluble in etliiNj. y 
ciystalliaee from it in needles. It is not attacked by boiling potash or by hy^MiSfrhiiii- ^ f 
amd : wann nitric acid attacks it; evolving red frimes, and yielding a jeUoY nil ' 
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fTTslaHiaes o® coolings and is insoluble in mmonts, but ^luble and cmtallisable 
fhnn ether. It dissolyes in warm sulphuiie acid, and the addition of water separate 
beosilaiii. . F. T. 0. 

aanxioo AOIB. ^aurent) Oompt. Chim. i. 37.) ~ The name giyen fw 
Laurent to a peculiar acid which is formed in the preparation of amarine (^. v.) It 
is best prepared saturating an alcoholic solution of bitter-almond oil with ammonia, 
letting it stand for 48 hours, and adding water, ’'which takes up benzimate of ammo- 
nium. The addition of hjrdrochlorie amd to the aqueous solution precipitates the 
acid, which is purified bj dissolying it in alcohol containing ammonia, boiling the 
solution, and neutndising with hydrochloric ^d. It tbrms white sUky needles, 
insoluble in water slightly soluble in alcohol : it melts when heated, and cannot he 
distilled undecompoacid. It has not been analysed. F. T. C. 

BBMKXMOCBB. BeneJ^drocyanide, Hydridt of Q/anobentoyl, G**H>*N*0^ 
(Laurent (1836), Ann. Ch. Phys. [2] lix. 397: Ixyi. 193; Key. scient x. 120. 
/inin, Ann. Gh. Pharm. xxxiy. 188. Gregory ilnd. liy. 372. Laurent and 
Gerhardt, Compt. chim. 1860, 116.) — ^Formed by the action of hydrocyanic acid on 
hydride of benzoyl: 

3C’H«0 + 2CNH » C»H«N*0* + H*0. 

Hydride of benzoyl mixed with 4 its yolume of nearly anhydrous jurossic acid is 
shaken up with an equal volume of strong alcoholic potash diluted with 6 pts. alcohol, 
and the whole gently heated : lAer a time a white curdy precipitate separates, which 
is Ixiiled with water, and purified by solution in alcohoL Benzimide also occuis, 
mixed with hydride of ’benzoyl and benzoin, in the resinous residue of the rectification 
of oil of bitter-almonds : it may he extracted by treating the residue with hot alcohol. 

Benzimide forms a light loosely-coherent mass, white, with a greenish tinge, and 
leaves a stain when rubbod or pressed. It is insoluble in water, or in cold potash or 
hydrochloric acid ; spatugly soluble in boiling alcohol or ether. When heated, it melts, 
and finally volatilises with decomposition, leaving a carbonaceous residue. It dissolves 
ill strong sulphuric acid with a green colour, which soon changes to red, and is re- 
precipitated by water. Nitric acid dissolves it with decomp<^tion : heated with nitric 
Hoid and alcohol, it evolves red fumes and yields ammonia and benzoate of ethyl. 
Boiled with hydrochloric acid, it yields hydride of benzoyl, sal-ammoniac, and probably 
also formic acid. 

+ 5RK) - + 2CH»0» + 2NH*, 

Heated with strong bases, it yields benzene ; and with potossio hydrate moistened with 
alcohol, it forms ammonia and potassic benzoate. F. T. 0. 

BBWXnra. Syn. with BsNZEini {q, v.) 

BBVZOAOBTXC jUTHTBBIBB. See Aesno Amhtdbidb. 
BBVZOAVOl^lO ABrBTBBaCBB. See Bbnzoio Akhtobidb. 
BBSTMOABBO^XO ACID. Bbmzoatb of pHBNvn. See Bmczoio Aon>, 
BaBrBOOBMBanriimiir,C>«H“C10* (Bertbelot, AnD.Ch.Phys. mxh. 802}. 
—One of Berthelof s artificial fats, containing the elements of benzoic and hydrochlone 
acids and glycerin, minus water : 

+ HCl + C*H»0* - C'*H"C10* + 2H*0, 

It is prepared bv saturating with hydrochloric acid gas a mixture of ^eerin* and 
l»enzoic acid, which is kept for several hours at 100^ 0^ and removing the excess of acid 
V 0odic carbonate : the benzochlorhydrin then sinks to the^ bottom as an oily liquid, 
when pure, it is a neutral oil, solidifying at —40®. It m decomposed by po^h, 
yielding potassic chloride and benzoate : and by hydrochloric acid and alcohol, yield- 
ing glycerine and benzoate of ethyl The chlorine is not withdrawn fiwm the 
compound even by long dig^ion at 100® wiUi oxide of silver. F# T. 0. 

BBSnBOennrAJBip AVamUPB. See Bbnzdio Axhvdbidb. 

BBBBOCVBBTBSinuraKOnanr AMZPB* See BnirzAMlDlL 
UnoBW, Syn. with Toluol See Bbvztl, HrinXDB or. 

BBJrBOBBSno AOSP- Amorphout beriMotc aeid, ParaheMOio oM (EL Kopp. 
fmnpe. chim. 1849, 154).— An amorphous powder, obtained faeatii^ 

*ith 6 or 8 pts. nhrie add, not strong enough to form nitiobeiiseio add. When 
quite pme^ it k white; but it is oommomy yeU^rish, owing to the presence of a small 
quantify of a vdlow nesin, which aeeompames it into all its eonq>onB^ It is readily 
Mlulde In ntcpliel, ether, and boUing water. It has an aromafcu^ fofotfy sour and 
mitertaste. I| mdts at 118® O.|boi]s at 258®, and by dry distillation yields purs eiyv 

u V 2 



548 


BENZOQLYCOLLIC ACE&. 

talliM bemsoLc acid, and, if not qnito pnre, a slight cazhonaceons Mndusu Wbra 
gentler heated, or expos^ to the si^ it becomes corered with small ciTsttds of 
benzoic acid. Distilled with lime, it yidds benzene. It forms salts whidi oystaUiss 
with difficulty, and are generally less soluble than the correi^nding benzoates. 
Different specimens have yielded different results to analysis : but in some cases the 
composition is very near that of benzoic acid. F X C. 

aanoaXiTCOUZCAOn. C*H*0*«(C*H*0y'.C’H»0.H.0*(Strecker[1847|, 

Ann. Ch. Pharm. IxviiL 64. StreckerahdSocoloff, t^zd.lux. 18. Gossman, ibid, 
xc. 181; xci. 369).-— Formed by the action of nitrous anhydride on hippurie acid : 

2C»H»NO* + N*0* « 2C»H*0« + NW H*0. 

It is prepared by rubbing hippurie acid to a thin paste with strong nitric acid, and 
passing a current of nitric oxide into the mixture : nitrogen is then evolved, and the 
hippunc acid gi^ually dissolved. After some time, the clear solution becomes opaque 
from the deposition of benzoglycolUc acid : the current of gas is kept up unul the 
liquid assumes a greenish colour, when a large quantity of water is added, ana the whole 
idlowed to cool. The acid then separates out in considerable quantities ; it is collected 
on a Alter, washed with cold water, suspended in water, neutralised with milk of lime, and 
the resulting calcium-salt is purified by recrystallisation and pressure between paper, and 
subsequently decomposed by hydrochloric acid (Socoloff and Strecker). It may also 
be prepared by slowly passing chlorine into a solution of hippurie acid in excess of 
moderately dilute potash : when the evolution of nitrogen ceases, the mixture is 
carefully neutralisea by hydrochloric acid, concentrated by gentle evaporation, and 
mixed with a slight excess of hydrochloric acid, when it solidifies to a crystalline mass. 
This is purified by solution in ether, and distilling off the ether from the wateiy layer 
below it, when the acid separates as an oil in the midst of the water (Gossman). 
The acid obtained by either of these methods generally contains a lar^e quantity 
of benzoic acid, which is removed by partially neutralising the acid with milk of 
lime and evaporating to dryness : benzoic acid, being the weaker acid of the two, 
remains uncombined, and is extracted from the residue by ether. 

Benzoglycollic acid crystallises firom alcohol in colourless prisms of 37*^ 40' and 
142^ 20', which often take the form of thin plates : when precipitated by acids from 
aqueous solutions of its salts, it separates as a white cryst^line powder. It is scarcely 
soluble in cold, more so in hot water, readily in alcohol and ether : it melts in hot 
water before dissolving. It melts when heatra and solidifies to a crystalline mass ; 
heated more strongly, it gives off vapours containing benzoic acid, and leaves a slight 
residue of carbon. When boiled for some time with water, it is gradually decomposed 
into benzoic and glycoUic acids : 

. + HH) «= + Cr*H<0». 

This decomposition is accelerated by the presence of a mineral add. 

Binzooltcollatbs are mostly crystalline, soluble in water, some of them in alcohol 
also. ^ They are neutral to litmus, and have a faint but peculiar taste. Their aqueous 
solutions may be boiled and even evaporated to dryness without decompositioD. 
most of their solutions strong adds separate benzoglyrollieacid as a crystalline powder. 
The add being monobasic, their general formula is C'H'MO*. 

The Ammonium-^alt is obtained by saturating the acid with ammonia, or decompos- 
ing the calcium-salt with ammonic carbonate. It loses ammonia when eTaporated. 

The Barium-BtUty 2Aq, forms delicate silky needles, which lose their 

water at 100® C. 

The Calcium-salt, •!> 2Aq, forms delicate silky needles, united in nonps, 

which lose their water at 120® O. It dissolves in 42*3 pta cold, and 7*64 pts. ixiilijig 
water. It possesses in a remarkable d^^ree the property of forming supersatexted 
solutions, so that a solution saturated at boiling heat firequently fjiltAM imme days to 
deposit all its crystals in suocesdve crops. When a strong solution of this salt is siva- 
porated with diloride of oaldum to a syrupy oonsiatenoe, a double salt separates out 
on cooling in octahedrons, which are permanent in the air, but are decomposed ty 
water or alcohol into bemK^lycoUate and chloride of caldum. 

Copper-salt crystallises on oooHng in drandant blue rhombic tables, when a 
boiling saturated Solution of the calcium-salt is mixed with nitrate of copper. It 
becomes {^reen and opaque at 100® G, but retains its lustre ; is scucely solnbw incold, 
mors so in hot, water. 

The JFWrie salt, 2Fe*6*.8C’*H'K>* -i- 28Aq, is a voluminous flesh-cdouxed precipi- 
tate, insoluble in water, which becomes darker when dried. After drying in the air, 
it loses 27*86 per cent. (28 at) water at 100® C. 

There appsnr to be at least two basie Lead-salU besides the nonnal one. Whsil || 
oold solution of benaogtycoUate of calcium is mixed with normal acetate of IsaA a 
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iloccnleiit precipiUte u Ibzined, which u m mixturo of oevenil sidts. If this be 
diasoWed in cold water, the solutioii, on opontaaeoas evaporation, yields, first, orystala 
of the salt b, and subsequently soft etany ciystaleof the normal salt 0*H*PbO*, which 
melt with partial deoompoeition at 100^ 0. 

b, -f 3Aq, forms hemispherioal groups of crystals, which melt 
at 100®, and lose Ij at water. 

c. C**H'^Pb''0^.6l*b''0 + 2Aq, — When the cold solution of the calcium-salt is mixed 
basic acetate of lead, and the precipitate digested in cold water and filtered, this 

salt crystallises after some days. It loses 1 at. water at 100® C. 

The precipitate obtained by adding the calcium-salt to a boiling solution of normal 
acetate of lead, is a mixture of several basic salts. 

The Ma^fnesium salt forms long, very slender needles, readily soluble in water and 
aicohoL 

The Potassium- and Sodium-salts are obtained like the ammonium-salt. The former 
crystallises with difficulty, being very soluble. The latter crystallises more readi^ 
from a hot saturated solution iu rhombic tables ; it contains 3Aq, which it losee at 
100® C. 

The Silver-salt, C*H*AgO\ is obtained as a curdy precipitate when the neutral 
ammonium salt is mixed with nitrate of silver ; this precipitate is washed in cold, and 
ditwolved in boiling, water, whence it separates !n white microscopic crystals, which ' 
when moist quickly blacken in the light ; when dry they are not changed at 100® OL 

Zinc-sal f , + 4Aq. A boiling saturated solution of the calcinm-calt 

mixed with chloride of zinc, yields on cooling long thin needles, which are dried ^ 
filter paper and recrystallised. They lose 2 at. water at 100® C. F. T. C. 

BmnOBS&lOIir. (Piria, Ann. Ch. Phys. [3] xxxiv. 27S; xliv. 366.) 

i — The product of the action of the nitric acid on populin. It may be regarded aa 
hclicin, (C**H'»0»), in which 1 H is replied by benzoyl, C"H“0* wi 
It is to populin (benzosalicin) as helicin is to salicin. 

Obtained by dissolving populin in pure nitric acid of specific gravity 1*3, the solu- 
tion becomes yellow, and ^nzohelicm soon crystallises out. On diluting the mother- 
liquor with water, more ciystals separate out. It forms silky needles closely resem- 
bling helicin. When boiled with water and magnesia, it is converted into helioin and 
benzoic acid. Synaptase has no action upon it. Acids and alkalis convert it into bensoio 
acid, hydride of salicyl, and glucose : 

+ 2H*0 - C^HK)* + C’H»0* + OTI'HP. 

Hjdride GIucom. 


snnoxo ACXB* Fhwers of Benaoin, Hydrate of Bmaoyl, Bmaoeblumm, 
Brncoesaure. Acids bensotque. C»H*0» - C"HK).H.O. [or C^*JP(P - (P*JPO.HO.} 
History and Sources, — ^First noticed by Blaise de Vigenire {Traiti du feu et du 
sel, 1608). Its true oomposition was determined by Liebig and Wohler (Ann. 
Cli. Pham. iii. 2491. occurs ready formed in gum-benzoin, df«(ron*s blood, 
storaz, Peru and Tolu balsams, and in many other resins and balsams ; also in casto- 
ream (Wohler, Ann. Ch, Pharm. IxviL 360), in the spindle tree, Buonymus europesus^ 
(Sch weizer, J. pr. Ohem. 411, 437), and in the putrefied urine of man and of grami- 
nivorous animals (Liebig, ilnd, L 168). 

Formation, — It is formed in a great number of organic reactions. 1. By the oxida- 
tion of hydride of benzoyl, even by its exposure to moist air. 2. By the action of 
water on chloride, bromide, or iodide of benzoyl 3. By heating bensylio alcohol with 
aqueous chromic add. ' 4. By the action of nitric acid on hydride of cmnamyl, cinna- 
mic add, dnnamol, cumol, and cuminol. 5. oxidising casein or j^latin with sul- 
phuric add and binoxide of manganese (Guexelber||er, Ann. Ch. Pharm. Ixiv. SO). 
6. From hippurie add^^ putrefSecUoii, or by boiling with adds or allmlis. 7- By toe 
action of dilute dt popoUn. 8. By tne dry wtillation of ioaoUnic (Hofmann) 

and quinie adds (Wohler, ^n. Ch, Pharm. li. 146). 

Preparation, — Gum-bensoin is employed for tiie preparation of benzoic add on the 
large scale ; the p r oc e ss may be oonducted either in the dry or wet way. The beat 
method of preperiog it in the dry way, or by sublimation, b that given ^ JCohr, 
Ann. Ch. naim. 177 ^ The ooamely-powdered reein b placed at the bottom of 
s round shallow iron-pot; 8 indies in diameter and 2 mehes deep ; the month b doeed 
ly a dbphragm of coane filter-pimer, doeely cemented to the sisAsa of tiie vesfml; and 
over tbb b tied m oovering of thusfc paper, io abe and shape like a bat The vemel 
then heated gently and slowly on a sand-bath (1 lb. of gum requires 3 or i liom)» 
removiiig the paper-oonr when the whole boool. it b found lined with a mstalHiie 
soblimaio of beimoie a ciA The diaphragm allows the vapours of b en z o ic add to paM 
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tlirough it, purifies them in great measure f»>m eropyreumatic products, and preTentt 
the sublimed add fi:om filling back into the ycssoI. About 4 per cent, ada is thus 
obtained: if the residue in the iron Tcssel be broken up and again heated, the yirid 
may be increased to 12J p^ cent. The add prepared by this method, which is on the 
whole the b^ for pharmacentical purpoeea, is qnite pure, with the exception of traces 
of a volatile oil, which gives it a smell like that of vanilla, and on which its medical 
properties depend, at least to some extent. — The extraction of the add from gum- 
^naoitt may D6 effected more completely in the wet way. Scheele’a proem (Opnsc. 
ii. 23) is to mix 2 pis. resin with rather less than 1 pt. qnick lime, which is first 
slaked to digest the mixture for some hours with 20 pts. cold water, and to boil the 
whole for half an hour. The solution containing benzoate of calcium is filtered 
from the residue, which is then washed with hot water, evaporated to one>half, and 


mixed with excess of hydrochloric acid ; the benzoic acid which crystallises out on cooling 
is purified by recrystaliisation from hot water, or by sublimation. If sodic carbonate bo» 
employed instead of lime, a portion of the resin is apt to be dissolved, which colours the 
benzoic add, and cannot be removed without difficulty. Wohler (Ann. Gh. Pharm. 
xlix. 245) gives the foUowing method: — ^Powdered gum-benzoin is dissolved by the 
aid of heat in an equal volume of alcohol of 90 — 95 per cent., the hot solution mixed 
with fuming hydrochloric acid till the residue begins to be precipitated, and the whole 
disdUed as long as its consistency permits ; it is then allowed to cool, and again dis- 
tilled with wato as long as any benzoic ether passes over. Tlie joint distillates, con- 
taining benzoic ether, alcohol, and hydrochloric acid, are heated with caustic potush 
until ether is entirely decomposed, and the resulting solution of potassic benzoate 
decomposed hy hydrochloric acid. The acid thus obtained precisely resembles that 
pr^ar^ by Mohr^s method. 

loenzoic acid may also bo prepared from hippuric acid by boiling it for half an honr 
with strong hydrochloric acid, and washing the product with cold water. Benzoic 
acid is sometimes met with in commerce, which is prepared from the urine of grami- 
nivorous animals. The urine is allowed to putrefy, then mixed with milk of lime and 
filtered ; and the filtrate is evaporated and preeipitated by hydrochloric acid. If the 
resulting benzoic acid be coloured, it is redissolvea in thin milk of lime, the whole boiled 
with chlhride of calcium, hydrochloric acid added, and the precipitate recrystalUsed from 
boiling water. The acid thus prepared is inferior to and cheaper than that obtained 
by sublimation. It always smells of urine, and never has the peculiar smell of the 
stiblimcd acid. 


Properties, — Benzoic acid crystallises in colourless, transparent, pearly needles or 
Intldmr, which, under the magnifying glass, appear to be six-sided prisms. It has no 
and a fuint but persistent sour and warm taste. It reddens litmus. It melts 
at 121*4® C. to a colourless liquid of specific gravity 1*0838 (water at 0® being taken as 
unity), and boils without decomposition at 249*2® (at 740 mm. pressure) (Kopp). It 
begins to sublime at a much lower temperature, and distils over abundantly with 
vapour of water. Its vapour-density is 4*27 (Mitscherlich); the vapours excite 
coughing. It dissolves in 200 pts. cold, and in 24 — 30 pts. boilu^ water, much more 
readily in alcohol and ether. Fats and volatile oils dissolve it abundantly. It dissolves 
in strong sulphuric acid without decomposition, and is reprecipitated by water. It is 
not attacked by boiling dilute nitric or chromic acid ; and is thus distinguished fixim 
cinnamic acid, whirii, under these circumstances, yields hydride of benzoyl. 

JDecompooitiona. 1. By heat — When vapour of benroic acid is passed through a 
red-hot tube filled with fragments of pumice-stone, it is decomposed into benzone and 
carbonic anhydride. The same decomposition takes place at a tower temperature when 
1 pt acid is heat^ in a retort with 5 or 6 pts. coarsely pondered pumice. If too 
much heat be applied, naphthalin and some empyreumatic pr^ucts are also formed, 
and a residue of carbon left (Barreswil and Boudault). If benzoic add be heated 
with lime, only benzene passes over, the carbonic anhydride being retained by the lime. 
Heated in contact with air, benzoic acid bums with a bfiight<^oky flame, and leaves 
no residue. 2. Dry chlorine acts upon benzoic add in sunlight, forming a reddish, 
totmh, gummy mass, whence i^otassic caibonate extracts chloroMnzoic add (see below), 
ana leaves a bro^-red residue, which smells of benzoin, and contains chlorine 
{Hersog). - Bromine acts on benzoic add in similar a manner. When chlorine 
Is passed into a hot aqueous solution of benzoic add, or when benzoic add is boiled 
with aqueons chloride of lime, or with potassic chlorate and hydrochloric add, a mix- 
ture of mono-, di-, and tri-chlorobenzoic adds is obtained ; but these adds have not been 
separated and examined (Stenhonse, Ann. Ch. Pharm. Iv. 10). When a sohition of 
bemaoie add in eaccessof j^tash is saturated with chlorine, chloronicdc add, 
is produced (St. Evre). 3. When benzoic add is heated with strong nii/rio mdd^ 
nitiobenzote add is formed : a mixture , of sulphuric and framing nitric add oonrerto it 
into dinitiobenzoic add. 4. Faming intlphuric aoid converts it into snlpbotMmaoiu 
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•rid 0* Heated to 200^ C. with a mixture of anhydrous add sulphate of 
(Sik^O*JSO*) and chloride of sodium, it yields chloride of benspyl together with l^ydfo» 
ehloric acid. 

CmH)» + SO» + 2NaCa « CWOCl + HQ + Ka^O*, 


The neutral sulphate of s^ium is associated with the sulphuric anhydride to prevent 
the latter horn converting the benzoic add into sulphobenzoic acid (Betetofl^ 
Ann. Ch. Fbarm, cix. 206). 6. BerckloriiU of pko^horta does not act upon bensoie 
acid till heat is applied, when hydrochloric add is evolved, and chlorides of bensoyl 
II nd of phosphoiyl formed. 7> In the animal organism, benzoio add is converted into 
hippuric add, which is found in the urine. (Wohler, &c.) 

Bbnioatbs. — Bensoie add decomposes carbona^ hut an alcoholic solution of 
potassic benzoate is decomposed by caibonio anhydride, potassic carbonate being pre- 
cipitated. It is a monobasic acid, but forms some acid and basic salts. The normal 
benzoates are mostly crystallisable, and roluble in water and alcohoL Their squeous 
solutions are decomposed by almost all acids, bonzoic add being predpitated. ABcdixie 
and alkaline-raHhy benzoates yield, bv dry distillation, benzene, benzone, solid hydro- 
carbons isomoric with naphthalin, and a metallic carbonate. A mixture of be nff oa t e 
and formate of potassium yields, when heated, hydride of benzoyl (Piria)^ 
chloride of phosphoryl, alkaline benzoates yield chloride of benzoyl and a phosphate ; 
M'ith chloride of benzoyl, an alkaline chloride and benzoic anhydride. With 
port'hlorido of phosphorus or chloride of sulphur, they yield dther chloride of beni^l 
or benzoic anhydride, according to the proportion of benzoate present 

Beneoate of Ammonium, a, Iformal, — Obtained in crystals by cooling a solu- 
tion of benzoic acid in strong warm ammonia ; or by evaporating a more dilute soItttioQ 
with addition of ammonia from time to time. It deliquesces in the air, and is stable 
in wnter and alroliol, but less so in the latter than the potassic salt When heat ed 
in a retort it loses water, and is converted into benzo-nitrile. Its soluUoii loses 
ammonia on evaporation, yielding ; 

b, Aeid Bolt, — Obtained in huge irre^ar crystals by the spontaneous evimcmtion of' 
the solution of a. Less soluble than a in water and alcohol. 

Btnsoait of Barium, + 2Aq.— Slender permanent -^tieedles 

(Tromrosdorf), or loige tables, whichsbeoome opaque at 100® C. (Plantamonr), 
and lose their water at 1 1 0® (L i m p r i c h t). 

Benzoate of Cadmium, + 2Aq.— By evaporating a solution df 

c.irbonate of cadmium in ^ueous benzoic acid, shining aggregate needlM are obUdasdi 
Milublo in hot water, sparingly in alcohol. (Schiff.) 

Benzoate of Calcium, + 2Aq.---CryBtalli sea in feathery noedlii^ 

ill granules, soluble in 29 pta. cold, and in less hot water. 


Benzoate of Copper,-— K hot solution of sulphate of copper ^ves with notasiio 
lamzoate an aggregate of bluish-green needles (Ettling), which are anhydrou 
(Mi tsc herlich). It dissolves in warm dilute acetic acid, and crystal^es thence in 
small green needles. It is insoluble in alcohoL By dry distillation it yields benzene, 
b4>iizoic acid, benzoate of phenyl, and an oil which boils at 260® 0., and, when heated 
with sulphuric acid, is decomposed into hydrate of phenyl and a solid hydioeaxbont 
C*1P ; the residue contains salicylate of copper. 

Ferric Benzoate,— The normal salt ciyst^ises in yellow needles from a solution 
of ferric hydrate in aqueous benzoic acid ; it is soluble with ^decomposition in water 
and alcohol, a basic salt being left behind A still more basic sidt is obtained when 
a solution of ferric chloride, containing enough ammonia to give it^a diadk-red oolow, 
is mixed with an alkdllne benzoate : it is a flesh-coloured precipitate, insolnble in* 
and not decomposed by, cold water, and eontd inin g 17*6 per cent. iron. (Berselina) 
Ferroue Benzoate oystallisos in needles, which effloresce and turn yellow u^eo 
exposed to the air, and jm soluble in water and alcohoL Benzoate of ammonium does 
not precipitate ferrous , 

Benzoate of Lead, + Aq.~A light ciystalline powder, obtainrfj^ 

prisei pi tating normal lead-salts with potaMic benzoate. It melts a little above \ 
and gires off its water (Berzelius). When digested with basic acetate of iM, it 
gradually beeves heavy and granular, being convert^ 
lenzoate and acetate of lead (Varren-trapp). A basic salt, C*^H* Q .2Pb 
obtained by digesting the normal salt with ammonia, or precipitating benzoate of 
ammoninm with sub-acetate of lead. 

Benzoate of dfapasssam.— Feathmy effloieseeiit eiystals, readily solnbla in 
water. 

^anaanouz Benzoate, Ct^H*^lCn''0* + Aq,— Transparent, ookniriess, per nans nt 

If m4 
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needles* soluble in 20 pts. cold, and in a much smaller quantity of boiling water; 
sparmgly soluble in alcohol 

Mercuric Beneoate, + Aq.—A white piednitato, made up of 

slender nee^es, obtained by adding an aUcaline benzoate to a solution of oorrusive 
sublimate. It is insoluble in cold, tolerably soluble in hot, water ; alcohol and ether 
decompose^t, learing a basic salt, which may also be obtained by boiling benzoic acid 
with water and excess of mercuric oxide. When treated with ammonia, mercuric 
benzoate is conyerted into ammonio^merourio benzoate^ a white powder, insoluble in 
water, almost insoluble in alcohol or ether ; potash turns it yellow, and eliminates 
ammonia: it contains 69-92 per cent, mercuric oxide. (Harff.) 

Mercurous Benzoate, C>*H‘®(Hg*)"0* + Aq.—A bulky crystalline p^ipitete, 
consisting of slender needles ; insoluble in cold water ; decomposed by boiling water 
or alcohol, with separation of metallic mercury. Becomes light-yellow when exposed 
to the light. Treated with ammonia, it is converted into a black powder, containing 
80*9 per cent, mercurous oxide. 

Benzoate of Botaesium, a, Nortnal, CWKO* + Aq. — Crystallises with diffi- 
culty from an aqueous solution, more easily from hot alcohol, in feathery needles or 
pearly laminse. It is very soluble in water, has a sharp burning taste, and at 100*^ C. 
iMes its water. Heated with arsenious hydride, it yields benzene. (Darcet.) 

b. Acid salt C’H^KO* + — Formed in the preparation of acetic anhydride 

tcom chloride of benzoyl and acetate of potassium ; the residue is washed with water, 
^ed, and dissolved in boiling alcohol, when the acid benzoate crystallises in pearly 
laminse. It is slightly soluble in cold water, or in boiling alcohol (G-regory,) 


Benzoate of 8ilver,^X white curdy precipitate, obtained by double decomposition : 
it dissolves in a large quantity of boiling water, and crystallises thence in long shining 
laminae. When heated, it melts and swells up, and leaves very white metallic silver. 
It diplolves in 1*96 pts. alcohol, at 100° C. (Mitscherlich.) 

Benzoate of Sodium, Effiorcscent pointed crystals, soluble in water, sparingly 
& ido^hdl 

nickel-, and zinc-sedts are crystallisable and soluble in water and alcohol : 
^e^^Z0minium-sali^ crystalline, tolerably soluble in water ; the litMumsalt, uncrys- 
taHishble, very soluble : the bismuth-, cerium-, tin-, yttrium-, and zirconium-salts, are 
white precipitates, sparingly soluble in water. 

Benzoic Etubus. Benzoate of Methyl, Benzoeformester, C*H"0* C^H*(Cn*)0*. 
(Dumas and Peligot [1835] ; Ann. Ch. Phys. [2] Iviii. 50; Malaguti, ibid, [2] 
Ixx. 387.) — Formed, according to Scharling, in the dry distillation of tolu-balsam. 
For its preparation, 2 pts. benzoic acid, 1 pt. wood-spirit, and 2 pts. strong sulphuric 
acid, are distilled together, the residue redistilled two or three times with &e8h wood- 
spirit, and the unit^ distillates mixed with water. The impure benzoate of methyl 
which is thus precipitated, is washed, dried over chloride of calcium, and rectided 
over oxide of le^, that portion which comes over above 198° C. being collected apart. 
It may also be prepared by distilling sulphate of methyl with classic benzoate. It 
is a colourless, oily liquid, with a pleasant balsamic smell, insoluble in water, soluble 
in alcohol and ether : boils at 198*^*6 C, at 761 mm., or at 199°*2 at 746 mm. (Kopp). 
Specific gravity 1*10 at 17®, or 1*0876 at 16*3 (Kopp): vapour-density, bv exp^- 
ment, 4*717. Its vapour, passed through a red-hot tube filled with lime,- yields, among 
other products, benzene. It absorbs wlorine without apparent alteration : when the 
■atuzated liquid is heated, hydrochloric acid and chloride of methyl pass over first, 
and then chk>ride of benzoyl m abundance ; the coloured residue contains benzoic acid, 
benzoate, and (probably) ehlorobenzoate of methyl 

Benzoate of Eth^, Benzoevinester. C*H**0* = C W(C*H*)0*. (Seheele^ Opu^ 
ii 141 ; Dumas and Boullay, Ann. Ch. Fhys. [2] xxxviii. 20; Wohler and Liebig; 
Ann. Pharm. iii 274 ; Deville, Ann. Ch. Phys. [8] iii. 188.) — ^Benzoate of ethyl 
IS not formed by the mere contact of bensoic acid and alcohol however jirolonged ; but 
the reaction takes place gradually when the mixture is heated to 100°C. in a seiued tube, 
or when a small quantity of a strong acid is added to it The statements of Deville and 
Pahours, that it u formed by the dj^ distillation of tolu-balsam and gum-benzoin, seem 
to require eonfirq ation. It is prepared by distilUii|; 4 pts. alcohol with 2 pts. bensoic 
acid* and I pt filming hydrochloric acid, uU two-thuds hare passed over, and pouring 
back the distillate into the retort two or three times : a little of the ether passM over, 
but the greater p^ remains in the residue, whence it is separated by addition M 
water. Or a solution of 3 pts. benzoic acid in 2 pts. boiling ahxihol of 80 per een\ is 
heated for some time. Liebig and Wohler prepare it by dissolving chloride of benzoyl 
in absolute alcohol : heat and hydrochloric ada are evolved, and the addition of witmr 
sepamtes the ether. The ether prepared by any of these methods, contains 
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bensoic acid» from which it is puriflad bj agitation with aodic carbonate, waahing with 
water, and recttfioation over oxide of leiA 
^juEoate of ethyl is a colourless oil, with a pleasant aromatic smell, and a pungent 
taste; boils at 212*9° 0., when the barometer stands at 746*6 mm, Spedae grarity 
1 0566 at 100*6 C. (Kopp). Vapour-density by experiment, 6*406. It is di^tly 
aoluhle in water, soluble in all proportions in alcohol and ether. It bums with a bright 
Hmoky aamo. Chlorine does not act upon it below 60° or 70° C., when hydrochlorio 
acid and chloride of ethyl pass over: on heating the mixture, a colourless distillate 
jKisses over at 190°, to which Malaguti (Ann. Oh. Pl\ys. [2] Ixx, 374), assigns the 
formula C*"H**CI*0*, regaling it as a compound of chloride of benzoyl with mohloro* 
vinic ether : the black residue, when ftirther heated, yields chloride of benzoyl. Kitrio 
acid, or a mixture of nitric and sulphuric acids, converts it into nitrobenzoate of ethyl. 
It is not attacked by perchloride of phosphorus (Cahours). Wlieii distilled over fiised 
chloride of zinc, it yields chloride of ethyl and benzoate of zinc, which latter is dc- 
omiposed by further heat, forming benzoic acid and benzene.. Ammonia acts it 
slowly, at the ordin^ temperature ; but, if the mixture be heated above 100° u in a 
sealed tube, benzaimde is readily formed. Aqueous potash converts it very slowly into 
alcohol and potassic benzoate : when heated with solid potash or potash-lime, hy- 
drogen is evolved, and benzoate and acetate of potassium formed (Dumas and Stas). 
Sodium acta upon it between 60° and 70° C. : the liquid turns brown, witliout evo- 
lution of gas, yielding, among other products, the ether of a peculiar acid. (See Hypo- 
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liensoate of Kihylcnt, litneoate of GlyeoL — (C’II*0)*.(C*H*)''.0’. 

(M. Simpson and Wurtz, Ann. Ch. Phys. [3] Iv. 400.) — Obtained by the action oi 
dibroinld of ethylene on benzoate of silver. It Is soluble in ether, and c^stallises 
from the solution in colourless, shining, right-rhombic prisms. Melts at 67° 0., and 
distils without alteration at a temperature above the boiling point of mercury. 

Benzoate of Amy L * CW(C‘H“)0* (Kieckher, (1847), Jjj 

Pharm. xiv. 16). — Obtained by distilling 1 pt. fusel-oil and 2 pts. siUpburio 
exct!8s of alkaline benzoate. It is a yellowish oil of peculiar smell : boils at.9 
when the barometer stands ut 746*6 mm. Specific gravity 0*9926 at 14°*4 (IJ 
readily decomposed by alcoholic potash. 

Benzoate of Ally 1. Benzotpropyfmyl, C'*H**0**»CW(C*IP)0*(Zinin, j 
Pharm. xevi. 362; Cahours and Hofmann, ihid, cii. 297; Bert helot sod De 

3 ual quantities of 
Lie carbonate, and 

rectifying over oxide of lead. Also by the action of chloride of benzoyl on allylic 
alcohol. A yellow aromatic oil, heavier than water : boils at 230° — 240° C. : insoluble 
in water, soluble in alcohol or ether: decomposed by boiling with potash. 

Benzoate of Benzyl, Benzoate of Tolyl, (Oanizzaro.) C'*11'*(P»»C*H*(C'H’)0*. 
-—When chloride of benzoyl and bcnzylic alcohol are distilled t<»ether in equal propor- 
tions, hydrochloric acid is evolved, benzoic acid and chloride of benzyl pass over, and 
tinally benzoate of benzyl, in the form of a yellowish oil, which ciystalhses on cooling. 
It is purified by pressure between filter-paper, rectification over benzoic anhydride, 
waslii]^ with sodic carbonate, and another rectification. It forms colourless crystal- 
line laminie, which melt below 20° C., and boil at about 346°. After fiision, it reciys- 
tallises with great difficulty, often requiring the aid of a freezing mixture. It is isomerio 
with benzoin. 


Lneo, Ann. Ch. Phys. [3] xlviii. 286). — Obtained by 
iodide of allyl and Mnzoate of silver, washing the distillate witli i 


Benzoate of Glycyl. See Bbxzoxodt. 

Benzoate, of Phenyl, Benzophenid, Benzoeoxyd, Benzocarbolioaeid, 0*^*0^ 
C’H\OH*)0*. (Ettling (1846), Ann. Ch. Pharm. liiL 87; Stenhouse, liit. 
91 ; Laurent and Gerhardt, ilnd, Ixxv. 76; List and Limpriebt, ibid, xc. 100.) 
—Obtained by the action of cldoride of benzoyl on phenylic alcohol or phenylate of 
potassium : by the dry distillation of benzoate of copper (Ettling) : by heating ben- 
2osalicylie annydride (Gerhardt). List and Idmpricht have shown the identity of 
the substances obtained by all these methods. It is best prepay by heating phenylic 
alcohol with chloride of bcnz<^l, as lon^ as hydrochloric acid is evolved, washing the 
crystalline product with potash, exhausting it with etber-aloohol, and eTaxH>nting the 
solution to mystalUsation. To obtain it benzoate of copper, the dry mU h* dis- v 
ti^ ovmr the open fire as long os vapours are evolved; the distillate again distilled 
?rath excess of eQNficcari>ooate^ as kmg os benzene passes over with aqueous vapour ; th« 
insqlTible residue in the retort separated from the alkaline liquid, wasbed with water, 
and dissolved xxt hot' alcohol ; and the mystols which sepanto on cooling, purified by 
('^eated czysteUiMrion from hot aloohd. (List and Limpriohl)^ 

Benzoate of phenyl frimii hard, shinuig, eolouriesi, Khombio prisms often half an 
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infh loDg. It melts at 66° C., arfd cools to a crystalline mass : at a higher teinperatum 
it volatilises nndecomposed. It has a faint smell of geraniums, or, when heated, of 
lemons : is insoluble in water, soluble in alcohol and ether, especi^^ on heatup. It 
boms with a red, very smoky flame. Chlorine and bromine convert it into subititution- 
products (see below^. Sntoburic acid dissolves it readily; the addition of water 
separates benzoic acid, while solphophenylic acid remains in solution. Boiliiig hydn>. 
chloric acid does not attack it. It is not decomposed bv boiling with paeons potash, 
but, if the mixfure bo heated to 150°^ — 170® C. m a sealed tube, potassio benzoate and 
phenylate are formed : the same decomposition is effected by fhsion with irolid potash, 
or by contact with alcoholic potash, even in the cold. It may be boiled with alcoholie 
ammonia without decomposition ; if the mixture be heated to IdO® C. in a sealed tube, 
phenylic alcohol and benzamide are formed, but no aniline. It is similarly decom- 
posed when distilled in a stream of dry ammonia. Perchloride of phosphorus does not 
attack it. (Lis t and Limpricht.) 

Sulstitution-prodvets of Bengoate of BhenyL 

1, 2, or 3 at. H in benzoate of phenyl may be replaced by Br, Cl, or NO*. These 
substitution-products are obtained either by the direct action of chlorine, bromine, or 
nitrosulphuric acid, on benzoate of phenyl; or by the action of chloride of benzoyl on 
the substitution-products of hydrate of phenyl. 

Benzoate of Bromoph cnyl, C**H»BrO*-C^H*(C*H*Br)0* and of Bihromo^ 
phenyl, C'*H*BT®0**=sC’H*(C*'H^Br®)0* Bromo^ and IHbroirw^henzophenid, (List 
andLimprich t, loc. cit,') — 'V^en diy benzoate of phenyl is treated with bromine as long 
as any hydrobromic acid is evolved, the excess of bromine distilled off, and the residue 
repeatedly cryetallised from hot alcohol, large colourless needles are obtained, which 
melt below 100® 0., sublime undecomposed, and are insoluble in water, but soluble in 
hot alcohol and ether. From the great variation in the analyses, this compound is 
certainly a mixture of at least two substitution-compounds : and it is probable that 
tribromobenzopheniile is present also. The substance is dissolved and decomposed by 
cold alcoholic potash, into benzoic, bromophcnylic, and dibromophenylic acids. 

: Benzoate of ChlorophenyL CMorobenzophmid. C**H*C10* « C*H*(C"H*C1)0*, 
(Stenhouse, loc, cit,') — When dry chlorine is led for some days over fused benzoate 
of phenyl, a dark-yellow mixture is produced, consisting of an oily and a solid body, 
having a very pungent smell : this is pressed between filter-paper, and the solid resi- 
due repeatedly crystallised from ether. Large flat crystals are thus obtained, which 
melt at 84® C., and sublime in four-sided prisms : they have a faint smell, like that of 
sesquichloride of carlxm. From iinalyses, this substance appears to be a mixture of 
chloro- with dicliloro-benzoplienide. The oily substance contains more chlorine, and 
probably consists in part of trichlorobenzophenido. Both compounds, when heated with 
alcoholic x>otash, yield chloride and benzoate of potassium, and on addition of hydro- 
chloric acid, a dark, resinous body, smelling of creosote, whicli is probably impure 
chlorophenylic acid. 

Benzoate of Dinitrophenyl, Binitrohenzophmide. C**II"N*0* ™ C*H*(C*H* 
(NO*^*)0*. (Laurent and Gerhardt, loe. cit,') — Linitrophenylic acid is heated with 
chloride of benzoyl, as long as hydrochloric acid is evolved ; and the product is extracted 
with dilute ammonia, washed with cold alcohol, and crystallised from boiling alcohoL 
Yellow rhombic laminae, insoluble in water, slightly soluble in hot alcohol, more 
readily in warm ether, partly soluble in^tash. 

Benzoate of Trinitrophenyl, Trinitrobenzophenid^, C**irN*0* «» C’H*(C*H* 
(NO*y)0* — Prepared like the preceding compound, trinitrophenylic (picric) acid being 
sulistituted for dinitrophenylic acid. Shining yellow rhombic laminae, less soluble in all 
menstrua than tlie dinitro-compound. '\^en heated, it melts and solidifies to a 
ciystalline mass : heated more strongly. It explodes. Dissolves in boding potash, form- 
ing a dark-red solution, whence acids precipitate crystalline flakes. 

Suhetitution-produetz of Benzoic Acid. 

Bbomobbnzoic Acid. CjH‘BrO*. (Piligot [1836], Ann. Ch. Pharm. xxviii. 246; 
Herzog, N. Br. Arch, xxiii. 16 ; Muller, Compt. rend, xxx, 325.) — Benzoic acid is 
treated with bromine in the sunshine, the excess of bromine distilled the residus 
dissolved in sodic carbonate (when an oil containing bromine remains undissolTedX 
and the solution precipitated by nitric acid (Herzog). P41igot makes bromi^ 
vapour act upon benzoate of sUver, by placing the salt, together with a tube contain- 
ing bromine, in a dos^ vessel, and leaving it mr twenty-four bouis: from the product , 
the bromobenzoie acid is dis^lved out by ether. The solution, on evaporation, yields, 
a brown oil, which erystsIUses on coolinjg; thb is diffsolved in potash, treated with 
ahimal charroal, and rqprecipitatcd by nitric acid. It ibnns a oolouric&s crystitUiiie 
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mass, which melts «t 100^ C., and sublimM at 2d0^, ]ea;vins a maidua of earbon. It 
boras with a smokj green-edged flame: is sparing! j^Mfluble in water, leadLly in aloo^ 
aud ether* 

BrwnobetuoaUB are genenUv soluble rad erystallisable : the lead% eopptr^, and 
fitmTaretts-sa/te are less soluble. The silver’^mt, C^H^AgBrO*, is soluble in warm 
water. 

Ohix>robbnzoio Acid. Chlorcmichmylio acid. C»H*C10* (Hersog, 1840, N. Br, 
Arch. xxiu. 16 ; Scharling, AnmCh. Pharm.xli.40; xliu2()8; SteiihouBe,t*6ikIlT. 1; 
Pield, ibid, Ixv. 65; Limpricht rad y. Uslar, ibid. cii. 269; CUiossa, Ann. Ch. 
Phys. [3] xxxvi. — When dry bensoic acid is acted on by chlorine, a moist viscid 
rtHiilish mass is formed, which appears to contain a mixture of mono-, bi-, and tri- 
fhlorohenzoic acids ; these acids (which Stenhouse also obtained by treating bensoic 
iicid with chloride of lime and hydrochloric add^, cannot be separated from et^ other, 
i.iinpricht and Uslar obtained pure chlorobenzoic acid flrom chloride of chlorobonioyl. 
According to them, the acid obtained by Chiossa, by the action of perchloride of 
phosphorus on salicylic acid, is not identical, but isomeric, with chlorobensoic acid ; 
wo snail describe it separately as parachlorobenzoic acid. There is no doubt that the 
ehloromichmylic acid obtained by Scharling by distilling urine with nitric acid, is 
idi^ntienl with chlorobenzoic acid. 

Limpricht and Uslar boil chloride of chlorobensoyl (obtained by the action of per- 
cliloride of phosphorus on chlorosulphobenzoic acid) with potash, and saturate the 
solution witli hydrochloric acid : the precipitated chlorobenzoic acid is purifled by re- 
combination with a base and rcprecipitation by an acid. It forms coloorloss, concen- 
trically-grouped prisms, which melt at about 140^0., but sublime at a lower tempe- 
rature in small needles. It dissolves sparingly in cold water, readily in hot water, 
alcohol, or ether. Fuming nitric acid converts it into nitrochlorobcnzoic acid. The 
rhhrohmcoaUa are generally soluble. The solution of the ammontum-so/f gives off 
HTI 1 monin abundantly when evaporated, so that the residue is nearly pure ehlorobsniloic 
acid. The acid which Field obtained by boiling benzoic acid with potassic chlorate and 
hydrochloric acid, melts with difficulty, and blackens when heated. The barium^ rad 
calcium-aalta eryst^dlise with 3 aq., which they lose at 100° C. The lead-salt is a white 
precipitate, which melts and turns yellow at 110°. The f otassiui^ and eodium^aHe 
are uncrystallisable. The eilver-aalt^ C’H^AgClO*, is a white precipitate, consisting of 
microscopic needles. Chlorobenzoic ether (chlorobenaoate of ethyl), 0*H*C10* ■■ 
C’H*(C*H*)C10*, is obtained by treating the acid with alcohol and sulphuric acid, or 
chloride of chlorobemsoyl with alcohol, and precipitating the product with water. It 
is a liquid smelling like benzoate of ethyl, ana boiling at 246° Cf. It dissolves in nitro* 
sulphuric acid, and water precipitates from the solution an oil which gradually solidifles 
into orj'stals, probably of nitrovhlorobtnzoic ether. 

Parachlurvbtnzoic Acidy C'H‘C10* (Gbiozza, loc. cit.) — Salicylic acid is distiUed 
with pcrcliloride of phosphorus, and the distillate rcctifl^ when a heavy, strongly re- 
fracting oil passes over between 200° and 260° C., which is converted gradually by ool^ 
immediately by hot water, into hydrochloric and parachlorobenzoic acids: the oil is 
probably the chloride correspon^ng to the acid. Farochlorabepzoie acid forms 
colourless shining crystals, like those of salicylic acid, from which it is distioguiahed 
by giving no violet colour with ferric salts. It melts at 130° C., and sublimes unde- 
comfxised: dissolves readily in hot water, and the saturated solution solidifles on 
cooling into a mass of needles. Some of its salts differ the eorrssponding chloro- 
benzoiitea in the amount of water of ciystaUis^tion which they contain: tnns the 
iHiriumsalt is anhydrous, and the calcium-salt contains 1 aq. The atlver-salt may bs 
obtained in nitber large ciystals. 

Nitkoeenzoic Aan, C’H^NO* «« C*H*(NO*)0*, (Flantamonr n839], Ann. Ch. 
Pharm. zxx. 849; Mulder, ibid, xzxiy. 297; Abel, ibid, Ixiii. 313; Bertranibi, 
tW. Ixxix. 259; Blumenan, ibid, Ixxkvii. 127; Gerlan^ ibid.xeL 186). Mulder*s 
method of heating benzoic acid with faming nitric acid, is a long process. Gerland 
recommends sgitating 1 pt. benzoic acid and 2 pts. nitre with strai^ sulphnm acid, 
and beating the whole tiU it softens: tbe resulting nitrobenzoic acid is pnrifled by 
ciy stallisarion from boiling water. The acid is. also fonned hj the decomposition of 
several organic compounds : by the oxidation of hydride of nttiobcnzoyl by chromic 
acid (Bertagnini) : by boiling cinnamic acid and other dnnamyl-componndb (Plan- 
tamour, Mulder), enmene (Abel), or drraon's blood^ (Blumenan), wifh^tria 
acid: by heating idtrohlppnric arid with l^drodbloric arid (Bertagnini). Kitro- 
benzoie arid frims colounM htawwia, genenuy grouped together. It melto at 127^^0., 
but Bublimea at 110°, rad if pure, leaves no residue : tiie vapours excite con ghim L 
boiled it Uackens and dec^posee. It disiolTes in 400^ pts, 
in 10 pts. at 100°, Ihrmtog strongly arid solutions; it melts m water briov 
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to a heavj oi! ; is* readily soluble in alcohol and ether. Strong nitric or hyt&ochlorie 
acid dissolves it without decomposition : but it is decomposed by prolonged boilmg 
vitii nitric add. It dissolves in cold sulphuric add : on neating the solution, some 
nitrobenix>ie add sublimes, and near the ooilins point of sulphuric add the mhctum 
becomes red, a peculiar compound beii^ formed (Mulder). It is not altered by 
sublimation in dry chlorine. Perchloride of phosphorus attaclm it when heated, 
yielding chlorides of nitrobenzoyl and of phosphoiyL With sulphide of ammonium it 
forms benzamie add (q, o.) In the animal system it is converted into nitrohippuric 
add, which appears in the urine. 

J^itrobentoates are generally crystallisable and soluble in water and alcohol : they 
explode when heated, and give off nitrobenzol. Nitrobenzoic add is a strong add, and 
decomposes the salts of many other acids. The normal ammantum-safi loses ammonia 
when heate(^ and yields an acid salt, which also ciystallises when the solution of the 
normal salt is evaporated : the normal salt on prolonged fusion, yields nitrobenzamidi^ 
(Field). The bartum-salit -f 4 aq., forms fine crystals which lose their 

water at 100^ C. The calcium-salt contains 2 aq., which it loses at 130^- • 180^ C. 
The copper-sail is a blue powder, which separates on cooling from a hot mixture of the 
add wim cupric acetate : at 130° C. it loses water and some add. The firric salt is 
anhydrous ; it is obtained as a bulky fle8h*coloured powder, when a boiling solution 
of the acid is precipitated by ferric chloride. The normal lead-salt is obtained in crys- 
tals when a boiling solution of the add is added to basic acetate of lead, untU a perma- 
nent predpitate is formed : it is decomposed by washing with water, and yields basic 
sdts. 

The manganf se-salt contains 4 aq., two of which it loses below 100°, the other at 
133° C. The potassium- and sodium-salts crystallise with difficulty : when heated, 
they are decomposed, emitting sparks. The silver-salt, C^H^AgNO*, is obtained in 
pearly lamin fe^ by crystallising from hot water the precipitate which, nitrobonzoate of 
ammonium gives with nitrate of silver: at 120° C. it turns grey, and loses add, at 
250° it explodes in closed vessels, forming nitrobenzene!. The zinc-salt contains 2^ aq., 
which it loses at 140° : it crystallises fri>m the filtrate which runs off from the gelatinous 
precipitate formed by nitrobonzoate of ammonium with sulphate of zinc : this pre- 
dpitate is a basic salt. 


Nitrobtnzoic Ethers, Nitrobenzoate of Methyl, C*H’NO**C'H^(CH*)(NO*)0 
(Chancel, Compt. Chira. 1849, 179; Bertagnini, Ann. Oh. Fharm. Ixxix. 269.) 
■— Prepared in a similar manner to nitrobenzoate of ethyl, which it resembles 
in all its reactions. It forms small, white, nearly op^ue right rhombic prisms, 
which melt at 70° and boil at 129°0. : are insoluble in water, slightly soluble in 
alcohol and ether, somewhat more in wood-spirit: have a faint aromatic smell, and a 
cooling taste. 

Nitrobenzoate of Ethyl C*H»NO* * C'H«(C»H*)(NO*)0*. (E. Kopp, Compt. rend, 
zxxiy. 615; Chancel, loc, cit , ; Bertagnini, loc, eit . ; List and Limpricht, Ann. 
Ch. Pharm. xc. 206.) — A boiling alcoholic solution of nitrobenzoic add is saturated 
with hydrochloric add : after soma time water is added, and the predpitateil ether is 
agitated with hot sodid carbonate, washed with cold water, dried between filter-paper, 
and crystallised from ether-aloohoL Berta^ini prepwes it by crystallising a solution of 
chloriae of nitrobenzoyl in alcohol ; and List and Limpricht, by dropping benzoate of 
ethyl into a mixture of 1 pt. nitric and 2 pts. sulphuric acid. It forms right rhombic 
prisms, which melt at 42°, and boil at 298° C. : smells like strawberries, and has a 
fresh taste ; is insoluble in water, readily soluble in alcohol and ether. Boiling potash 
decomposes it into alcohol and nitrobenzoic acid ; with ammonia it forms m^ben- 
zamide and alcohol : with sulphide of ammonium, benzamate of ethyl 

Nitrobenzoate of Dibromophenyl, {N^itrobibromobenzophenide^ C ^H’BrNO^ • 
C^H\0*B[*BriJ(N0*)0* (List and Limpricht, loc, cit ) — ^parates as a resin when 
benzoate of dibromophenyl is added to nitrosulphuric acid; the addition of water 
scarcely precipitates anything more. It crystallises from hot alcohol in nodules^ com- 
posed of small needles : from a concentrated solution, it separates as an oiL It melts 
^tween 90° and 100° C.: is insoluble in water, sparingly soluble in hot aloohoL 
Aloobolio potash decomposes it into nitrobenzoic and dibromophenylie acids. 

mtrobmzoaie of Dinitrophenyl (List and 


a white oysti^ne powder, which tuns yellow when heated, and melts at 150^ C. : on 
cooling it soHdifies to a yellow glass, wbldi g^ually becomes opaqusL It is insolutde 
in cold water or alcoboi, spairi^y soluble in hot alcohol or in ether. Heated oil 
platinum-lbil, it bums with yellow smo^ flame : heated in a lul^ it explodes freUy. 
iTis deoompoaed by alcoholic potash. Sulphide of amoioiiiam dia^ves it with deep' 



f«a eolour : bj era^tion on « water-bath, a dark-violet xeeihoiu maw k oVtauied 
pa^y soluble in adds. 

Diniitobenifoie Acid, — C’H\K0*)*0* (Cahonrs, Aim. Cfli. Fhva^ 

[3] XXV. 30).— When fused benzoic acid is ^ptkdnally ^ded to a warn mixture of nitrie 
and solphurie acids, it dissolves with sl^ht evolution of gas : the whole is then 
boiled (for 1 hour, Cahours ;-~for 6 hours, Voit), and as soon as it be^^s to be turbid, 
it is cooled and water added, which precipitates vdlow flakes, which are washed with 
water, dried, and ^stallised from boiling alcohol Dinitrobeneoio acid is thus ob- 
tained in short shining prisms, which m^t at a gentle heat, and sublime in delicate 
needles. It is slightly soluble in cold, more in M>iling, water ; readily in alcohol or 
ether, especially on heating. It dissolves in hot nitric acid, and ciystallues on cooling, 
('old sulphuric acid dissolves it unaltered, but decomposes it when heated strongly, 
Sulphide of ammonium and other reducing agents convert it into diamidobonzoic acid. 
The alkaline diniiroben^oatea are soluble and c^stallisable : the lead- and silvcr^alts 
are slightly soluble. Dinitrohensoic ether (dinitrobenzoato of ethyl), C*II*N*0* «■ 
C'H*fC*H*XN0*)*0*, is obtained by saturating absolute alcohol with the acid, or heat- 
ing the acid with alcohol and sulphuric acid: it forms oily drops, which solidify on 
cooling, and are washed with dilate ammonia, and crystallised from hot alcohol. Long 
delicate needles, with a slight yellow ti^; decomposed by strong potash, especially 
oti heating, into alcohol and potassic dinitrobenzoate. Digestion with alcoholic ain- 
monia converts it into dinitrobenzamide : sulphuretted hydrogen converts it into di- 
amidobenaoic acid. (Voit, Ann. Ch. Phami. xeix. 100.) 

i^iiroohlQTohenzoic Acid, C^H^NCIO* ■» C*II*(N0*)C10* (Limprieht and 
V. Uslar, Ann. Ch. Pharni. cii. 261). — ^Wlion chlorohenzoic acid is dissolved in fluning 
nitric acid, there is no immediate precipitate, but the solution continues for sevenu 
days to deposit colourless tables of nitrochioiobenzoic acid. These melt at 1 18^ C. ; are 
soluble in alcohol and ether ; melt in warm water, dissolve on boiling, and do not 
poparato out on cooling. The barium^ and ailver-aalts only are known: the latter, 
C’lPAgClNO^ + ^ Aq (?), forms small shining laminae, tolerably soluble in water. For 
uiirochlorohensoic itheTt sec above, cMorobenzoic ether, P, T, 0, 

BavzOlO AZeOBOXta Syn. with Bxnztlxo Axoobox. {q, «.) 

BBZrZOZO AWanmillB. Benzoate of Benzoyl, « (OH*0)*.0 

(Crorhardt (1862), Ann. Ch. Phys. FS] xxxvil 299 j Wunder, J. pr. Chem. Ixi. 
498 ; Heiiitz, Pogg. Ann. xcii. 468). — Formed by the action of chloride of benzoyl on 
alkaline oxalates or benzoates : also of oxychloride or perchloride of phosphorus, or 
< Itloridc of sulphur on alkaline benzoates, the first st^ of the reaction Wing the 
formation of chloride of benzoyl : also by the dry distillation of acotobenzoic and similar 
anhydrides: 

<?H»KO» + C'H*OCl « C»H«0* + KCl 

C^O^K* + 2C»H*OCl « C'*H'*CP + 2KC1 + CO + CO*. 

2C»H»KO* + POP • C«H'*0* + 2KCI + POCl* 

8C’H*KO» + 8SCI* « 4C'«H'*0> + eXCl + SO<K* + S*. 

Equal parts of dry benzoate of sodium and chloride of benzoyl are heated to 180^ 0. on 
a sand-bath, whereby a clear liquid is produced, from which chloride of sodium separates 
out : the cooled mass is washm with cold water containing sodic carbonate, and eiys- 
Ullised from ether or worm alcohol The previous preparation of chloride of beneovl 
is avoided by employing perchloride or oxyrchloride of phosphorus (6 pts. omhlorido 
to 1 pt. benzoate). Oxalate of potassium is heated with an ecjual weight of chlorids 
of benzoyl *vith constant agitation, till the smell of chloride of benzoyl kas disappeared i 
Olid the cooled mass is suspended in cold water, washed with water containing ammonia^ 
and crystallised from alcohol (Oerhardt). In pr^ringhiige quantities, itisbettef to 
purify the product by distillation than by cryat^Iisation from fucohol 

Benzoic anhydride forms oblique rhombic prisms, sometimes smelling of bitter-alaaond 
oil or benzoic ether: it melts at 42^ C., and distils undecomposed at about 810^. It 
is insoluble in cold water, soluble in alcohol and ether : the solution when fresh baa no 
acid reactioii. It melts in boiling water, and remains fluid for a long time, even when 
agitated, and is dowly convert^ into benzoic acid, which dissolves. Gaiutic alkalis 
convert It much more rapidly into benzoic add. Aqueous ammonia does not attack it 
in the cold, bnt dissolves it on beating forming l^nzamide and benzoate of amino* 
niom : the same reaction takes {dace when it is Seated in dry ammonia : 

0**H‘*0* + 2 NH> - (rH*NO + (rH*(NH*)0*. 

Aniline acta wmllMfy , fawnti^ ^enylbenzamids. fGerbardt.) 

90® atom o 4 beuoyl in benzmc amiydride k capable of bdw replaced bjt other aeid 
^Idem teutng a aeries of anbydridM containing benzoyl Thigr are obtained by tha 
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action of chloride of bensoyl on the alkaline aalts of other monohasie aefda^ er; eon* 
vemriy* hj treating alkaline benzoafos with the chlorides of monohasie add radi^ 
They are eenerallv decomposed by heat into two simple anhydrides : ly water, and 
more rapimy aUbdis, into two adds. 

Sbnsboagbtio Amhtdbidib. See Acetic Anhtdbide. 

Bbnzoakoblio Anhtdbidb. C’®H'*0*a=C*H'O.O^H*0.0 (Chiozza, Ann.Ch. Phyi. 
[3] 210). — Produced by gently heating chloride of benzoyl with angelate of 

potassinm. It is a limpid ou, heavier than water, somewhat less fluid than aa^io 
anhydride, and auite neutral to test-paper. It smells like angelic anhydride, but emits 
much more aend vapours when heat^ In a mixture of ice and salt, it thickens 
slightly, without crystallising. 

Benzocinnamio Anhydride. Beneoate of Cinnamvl. C *H*®0* « C’H*0.(?H^0.0 
(Oerhar dt, toe, d^.) -“Obtained by heating 7 pts. chloride of benzoyl with 10 pts. dry 
cinnamate of sodium, and purifying the product as in the case of benzoic anhydriae. It is 
a thick on, colourless and odourless, which gradually becomes acid when exposed to moist 
air. Specific gravity 1*184 at 23® 0. Is decomposed by distillation, yielding a yellow 
oil, smelling of cinnamol, which gradually deposits crystals of benzoic anhydxid^ and 
an acid substance soluble in sodic carbonate. 

Benzoouminio Anhydride. Bmeoate of Cnmyl. C**n**0* = C^H*O.C**H*'0.0 
(Q-erhardt, loe. cit.) — Obtained like the preceding, eliminate being substituted for 
cinnamate of potassium. Kescmbles the preceding in appearance and behaviour in 
moist air. Specific gravity 1*1 15 at 23® C. Is decomposed by distillation : when heated 
in a closed vessel, it appears to volatilise without decomposition. Aqueous ammonia 
converts it into cuminamide, and benzamido, or benzoate of ammonium. 

Benzokybistio Anhydride. Benzoate of Myristyl, C®’H**0* =» C’H*0.C**H”0.0 
(Ohiozza and Malerba, 1855). — Obtained by heating chloride of benzoyl with m^- 
ristate of potassium. Ciystallises from boiling ether, in which it is slightly soluble, in 
shining laminm : melts at 38®, and solidifies at 36® 0. 

Benzocsnantktlio Anhydbidb. Benzoate of (Enanthyl, C*W*0*»C^H*0.C^H'*0.0 
(Chiozza and Malerba, Ann. Ch. Pharm. xci. 102). — Obtained by the action of 
ohloride of benzoyl on oenanthylate of potassium. Colourless oil, of specific gravity 1*043 
at 11® C. ; smells like cenanthylic anhydride : exposed to the air, it yields crystals of 
benzoic acid. 

Bwzofslaboonic Anhydride. Benzoate of PelargonyL C**H*'0» = C^H»O.C*H*^0,0 
(Chiozza, Ann. Ch. Phys. [3] xxxix. 310). — ^Prepared like the foregoing compound. 
A heavy oil, resembling pelargonic anhydride. A little below 0® C. it solidifies to the 
consistency of butter : is decomposed by heat into benzoic and pelargonic anhydrides. 

Bbnzostbabio Anhydride. Benzoate of Stcari/L -* C'H*0.C*"H“0.0 

(Ch iozza and Malerba, /oc. CTf.)-“Preparcd by heating chloride of benzoyl and potassic 
stearate in an oil -bath. Shining scales, which melt at 70® C. 

Bekzovxlbrio Anhydride. Benzoate of Valeryl. C**H“0* «« C’H*0.C*H*0.0. 
(Chiozza, Ann. Ch. Pharm, Ixxxiv. 106). — Ohloride of benzoyl acts Yiolently on vale- 
rate of potassium : the product is a heavy, neutral, strongly refracting oil, smelling 
like valeric anhydride. At about 260® C. it is decomposed into benzoic and valeric 
anhydrides. 

Subeiitution-froducU of Bmzoio Anhydride^ 

Beneonztbobbnzoio Anhydride. Benzoate of Nitrobenzoyh C**H*NO* — 
C^HK).C'H*(N0*)0.0. — 3 pts. ohloride of benzoyl are heaM with 7 pts. diy nitio- 
benzoate of sodium, and the product is purified as in tiie case of benzoic anhydrides 
Ciystalline : more stable than the following componnd.. (Gerhardt, loe, cit,) 

Nitrobbneoio Anhydride. Nttrobenzoaie of BUrobmzoyl, « 

[C^H*(N0*)0]*.0. — 8 pts. nitrobensoate of sodium are heated to 150® C. with 1 pt. 
oi^riiloride of phosphorus, till the smel] of chloride of niteobenzoyl disappeared. 
On treating the product with cold water, a white mass is obtained, almost insolul^ in 
alcohol and ether, less fusible than nitrobenzoic acid, into which at is quid^fy con- 
verted by washing with water. (Ger hardt, Uk, cit,) F. T. C. 

SSnoZOXIfa (Berthelo^ Ann. Oh. Phys. [3] xH. 200.) — ^The name given by 
Berthriot to the artificial fats obta ined by the .action of bcaisoie a 4 ^ on i^yeerin* 
Glrcerin being a triatomic alcohol, C*H*.H*.0*, contains 3 at. H rsplaeeable 
radides; and Berthdot has succeeded in obtaining the oompounds m which 1 ai^ t H 
reqf^ectivdy are replaced by benioyl. 



Meuobeng^Mn, JBetuoaU b/ . C?n\CnjK),mO», ^Ob- 

tained by beating benaoie add vbb glycerin in a seated tnbe^ for foiiy-Anir 

120 ° 150^ 0. if the add be in excess, to 200° 0. if the glycerin be in exeesa; at a 

higher temperature a shorter time aufficea. The product is jpuiified by waahhkg ^til 
pc^assie carwnate. It is a colourless, neutral, very viscid oil, with a bitter aromatic 
t^te, end a slight balsamic smell; specific gravity 1*228 at 16°*5 C. At 40° it is a 
transparent nearly solid mass, that can be drawn out into threads ; it boils at 320°, but 
decomposes at the same time, yielding acrolein and bensoic add. It is insoluble in 
water, scarcely soluble in bisulphide of carbon, readily in alcohol, ether and benaone. 
It oxidises very slightly in the air. Heated with potash it forms jiotuBsic benzoate ; 
with ammonia, benzatnide. Alcohol and hydrochloric acid convert it in the cold into 
crlycerin and benzoate of ethyl ; the same decomposition is effected when its alcoholic 
Bolufion is heated to 100° C. for forty-eight hourci. 


Tribenzoicin. Tnhtnz<^ie of GlycffU C"II“0* « (^H».(C»H»0)*.0» — Ob- 
tain^ by heating monobcnzoicin for four hours to 250° C., with 10 or 15 pts, benzoic 
acid ; the product is washed with sodic carbonate, and repeatctlly mystaUiscd from 
ether. Large white needles, unctuous to the touch, and fUsiiig pretty readily. 
jUcohol and hydrochloric acid decompose it like monobonzoicin. F. T. C. 

Brnmoxw. Bitti-r-aJ.mond^oH^am.phor. (Liebig and Wohler, 

Ann. Ch. Pharm. iii 276; Robiquet and Boutron-Charlard, Ann. Ch. Phyn. 
[2] ^iv. 352 ; Lanrent, ibid. lix. 402 ; Ixvi. 193 ; Zinin, Ann. Ch. Pharm. xxxiv. 186.) 

First described by Stange, 1823 ^Report, Pharm. xiv. 329) ; first correctly examinea 

by Liebig nnd Wohler in 1832. It is frequently contained in crude bitter-almond oil, 
and is obtained os a by-product when the oil is purified by lime and ferrous chloride ; 
the miduo is treated with dilute hydrochloric acid, and dissolved in alcohol. Pure 
bitter-almond oil (hydride of benzoyl) is converted into benzoin by cyanide of potas* 
sium. To prepare benzoin from crude bitter-almond oil, the oil is mixed with its own 
volume of a saturated alcoholic solution of potash ; after a few minutes, the whole 
solidifies to a mass of crj-stals, which are purified by recrystallisation from alec^ol. 
As the amount of benzoin in different specimens of the crude oil varies considerably, 
according to their age and to the amount of prussic acid which they contain, it is alwava 
advisable to test a small portion first with alcoholic potash; if it does not iq>eoduy 
solidify, the crude oil had better be first freed from prussic acid, and then treated by 
the ensuing method. Pure oil of bitter-almonds is readily converted into benzoin by the 
addition of a dilute alcoholic solution of cyanide of potassium, or of alcoholic potash to 
which a few drops of hydrocyanic acid have been added : this reaction it difficult to 
account for. 

Benzoin is isomeric with benzoate of benzyl, and polymeric with hydride of ben- 
zoyl. It forms shining, trdnsparent, colourless prisms, without smell or taste ; melts nt 
120° C., and ciys^UsM on cooling ; if further hoate^ it distils nndocomposed. It is 
insoluble in cold, slightly soluble in hot water, whence it crystallises on cooling ; more 
soluble in hot than in cold alcohol. It bums readily in the air, with a bright smoky 
fiame. Its vapour passed through a red-hot tube is reconverti'd into hydride of bon* 
zoyl. When heated in chlorine^ it yirids benzii and hydiwhloric acid. Bromine at- 
tacks it, evolving hydrobromic acid, and forming (probably) benziL Strong nitrio 
acid converts it into benzil Sulphuric acid dissolves it, forming a violet solution, 
which blackens when heated. Boiling potash does not attack it; fosedwith soliil 
potash, it evolves hydrogen and yields benzoic acid: + 2KHO ■■ 2C^H*KG‘* 

+ IV ; boiled witii alcoholic potash, it is coloured violet, and yields benzilic acid, with 
evolution of hydrogen: C**K**0* + KHO » C'*H”KO* + H’*. With ammonia^ it 
yields, among other products, benzoinam and benzoinamide. Ptreh/oride of ph^» 
p5ortis attacks it violently, yielding chloride of phosphoryl, and other produete diffi- 
cult to obtain pure. (Cahours.) ^ 

Benzoin combines with chlorides of acid radicles, yielding compounds presenting 
bt'uzoin in which I H is r^laced by on acid radicle. Ziiiin (Ann. Ch. Fharm. civ. 
116) has obt^ned the following: — 

Acetyl-benzoin. C”H'\C*H^O)0».— 4 ptsu of benzoin dissolve in 8pts. 

chloride of neetyl at 40P - 50° 0 ., with evblntioii of hydrochloric acid ; when the solution 
is complete, the whole is bested to 100° as long ae vapours are evolved : on cooling, the 
product slowly sblidifles into o^^stabi, which ore rcciysts) Used from alcohol or ether. 
It crystallises frma tbs ethereal eolation in Uoge rhombic prims and six-sided tables ; 
from the aleohoKe aolution in ♦bin shining crystals. It is insoluble in water, tnelto 
below 100°, and does not always esystaUwe on cooling. Sulphuric or bydrocldorie , 
acid, CT a q u e o u s potadb does not act upon it; with alconoUc potash it yields achate 
snd benzoate of potassiuiii. Strofig nitric acid converts it into a mixture of two niti^ 
produete in the wm of a yis^ cobrnries^ maiw, Insoluble in water, solnble in aloooM 
and father ; the solution depo^ eiystals, ' . 


Sentroyi^en goin, b**ir*0* • C* W*(Cf^HK))0*.— -Cfhlij^ of behin^l^om not set 

upon benzoin in cold, but kt about 70° C* the beiuxun dissolves and hycunochlbric add 
is erolved ; the 'Whole ie then heated to nearly the boiling point chloride of benzoyl 
XI 96° 0.), when a yellowish oily liquid is obtained, which solidJfles,intb. eiystals on 
Cooling This product is purifiM by being poured whUe liquid into cold 76 per cent, 
alcohol, when benzoyl-benzoin separates as a ciystalline powder, which v washed on a 
filter with cold alcohol. It is inscdnble in water, sparingly soluble in celt ideohol, soluble 
in 6 pts, boiling 80 per cent alcdiol, whence it ciystallises in thin- colourless needles; 
readily soluble in other, and ciystallises by spontaneous evaporation in l^e shining 
rhombic prisms ; soluble in chloride of benzoyl, and may be heated with it to 160° C. 
without alteration. Melts at 126° O., and crystallises very slowly on cooling. Chlorine 
does not attack it, neither does hydrochloric or dilute sulphuric acid ; strong sulphuric 
acid decomposes it. Aqueous potash does not attack it ; alcoholic potash disso^es it 
with a violet colour, and, on boiling, converts it into benzoate and benzilate of 
potassium. 

NitrohemayUhengoin. C**H'*NO*a=C' W(C’H\NO*)0)0® — Strong nitric acid 
(specific gravity 1*61) dissolves benzoyl-benzoin, which, if too little acid be employed, 
crystallises out ^ain unaltered ; but if at least 1^ pt. acid be taken, and the yellowish 
solution poured into cold water, a resinous substance separates, which is a mixture of 
two nitro-products. Ether dissolves one of these, and abandons it on evaporation as a 
thick oil ; the other, which is nitrobenzoyl-benzoin, remains undissolved as a ciystal- 
line powder, which is recrystallised from boiling alcohol. White shining scales, com- 
posed of rhombic tables, aggregated into (Ksalariform groups, insoluble in water. Melts 
at 137° C., and solidifies at 110° to an amorphous mass, which veiy slowly becomes 
ciystalline. 8ti*ong nitric acid dissolves it unaltered and in large quantities, especially 
if gently heated ; on boiling the solution a new body is formed, soluble in ether, 
which separates as a powder on cooling. F. T. C. 

mmanoiMJkm. C“H«N*0. (Laurent, Compt. Chim. [1846] 37). — Formed by 
the action of alcoholic ammonia on benzoin : 

2C*<H»W + 2NH* = C“H«N*0 +3H*0. 

Obtain^, together with benzoinamide and other products, when a mixture of alcoholic 
ammonia and benzoin is left for some months in a closed vesseL Forms white mi- 
croscopic inodorous needles, insoluble in water ; slightly soluble in hot ether or rock- 
oil, whence it ciystallises on cooling in very bulky needles, readily soluble in hot 
alcohol containing hydrochloric acid, whence it is partially precipitated by water, 
entirely by ammonia. Melts when heated, and partly solidifies on cooling. Potash 
does not attack it ; strong sulphuric acid dissolves it with red colour, and water pre- 
cipitates orange flakes. F. T. C. 

BSlTMZarAMZlIB. (Laurent [1837], Ann. Ch. Phys. [2] Irvi 

189.) — Formed by the action of aqueous ammonia on benzoin : 

8C>*H‘*0* + 4NH» » + 6H*0. 

Obtained as a white powder when benzoin and aqueous ammonia are left for eight 
weeks in a closed vessel ; it is boiled in alcohol to remove excess of benzoin, and 
crystallised from boilii^ ether, A white, tasteless, odourless powder, consisting of fine 
microscopic needles ; insoluble in water, very sparingly soluble in alcohol or ether; 
melts when heated, and solidifies to a fibrous mass ; distils without decompositioii. 

F, T. C. 

SKMfBOUW-OimK. The commercial name of a resin which flows firom the bark of 
Siyrtue benzoin^ a tree growing in Sumatra, Borneo, Java, and Siam. It csomes into 
the market in difiTerent forms. The Siamese gum occurs in irregular fiat fragments!, 
about HU inch long, which ore reddish-yellow on the outside, white and shining in the 
inside. The common or Calcutta-gum fimns larger irregiilar hampa, brittle, d " a dirty 
* reddiah^rey or brown colour, with many Ught (K^ured spotsi, ana often containa 
ments wood and bark, Siamese abnond-gom appeim to be a mixture of b^ 
these kmds. The comme^al gum has a tdeMant smell, especially when lieated, and 
a sweetish, sharp, balsamic taste. It meite when heated, evolves vapours of benzoic 
a4^ imd bums with a smoky flame. Specifle gwvitsr 1*063—1-093. Alcohol d»* 
Mlves it csompletely, excepting in^urities; ether partial^ ; boiling vatei dissolves out 
bensoie amd. ^ 

According to TJnverdorben (Fogg. Ann. viii. 397), Stolze (Betl Jahrb. Pharm. 
xrvi 76), Van der Vliet (Ann. CL Pharm. xxxiv. 177), and B. Kopp (Compt 
rend. xix. L269),gam-beni^in is a mixture of three reidns, whirii may be disiisguisli^ 
us a, 0, and % together with benaoic acid^ and a smaUquanti^ of a volatils o£ The 
whole of the bensotc acid cannot be driven ofiThy heat. AcoorcBitt to Kolbe and Lunte>- 
man n (Ann. Ch. Phann. cxv. 1 13), some varieties of gum^benimn, espeeiallj the almond 



mim of SmnAtn, oonliiii not heiwoie Imt an add iaomerio with toKgrHa 
e‘H*0*, irhieh mdti to a doar ^nid under hot water» eiyetiilliBee in fbnne qoitit 
di0erettt fiom that of benaoio ackt and yidds hydride of benaoyl when treated with 

*^nnv^c^^ aeppatee the resina in the following manner : — ^The powdered gani ia 
extracted with bouing aodie carbonate» which diesolTea out all the bensoio and and 
the resin 7 : the aOuiJine solution is jirecipitated by hydrochloric acid, and the preci- 
pitate treat^ with boiling 'water, which dissolves tha^ acid only, leaving the resin 7 
uisolubld. The portion insoluble in sodic carbonate is washed, dried, and dieted with 
ether, which dis^lves the resin a, and leaves the resin 3 undissolved. According to 
KoptH the ethereal solution of a gi^ually deposits a small quantity of a fourth rosin, hi 
of a reddish-brown colour. Analyses of two specimens of gum gave the following 
results (Kopp) : 



I. 

11. 

Benzoic add 

• • . . 14^0 

14*6 

Resin a • 

. . . . 52*0 

48*0 

Resin 3 • • 

. . . . 26*0 

28*0 

Resin 7 . 

• . . . 8*0 

36 

Rosin 9 • 

. . . . 0*8 

0*5 

Impurities 

• . • « 6*2 

6*6 


Kopp ftirthcp states that the white spots in the gum are comp^od only of resin a, and 
contain 8 — 12 per cent, boneoic acid ; while the brown portions consist of resins 3 
and 7, and contain as much as 16 ]x;r cent, acid (18 per cent, according to Unvordorben). 

The rosin a is readily soluble in ether and aleohoh insoluble in naphtha; soluble in 
pohish, and nut n^procipitutcd by excess ; insoluble in ammonia. Salts of the earthy 
or heavy metals give, in its alkaline solution, precipitates which arc insoluble in e(^er« 
According to Van der Vliet it is a mixture of resins 3 and 7, for it is decomposed into 
tliese two resins by prolonged ebullition with sodic carbonate. Resin 3 is a brownish 
mass, rolttble in alcohol, insoluble in other and volatile oils ; soluble in potash, and re- 
precipitat^ by excess ; insoluble in ammonia. Resin 7 is dark-brovni, soluble in 
alcohol, slightly in ether and volatile oils, insoluble in naphtha. Potassio carbonate 
slowly dissolves it, and the solution is precipitated by sd-auimoniac. Its slooholio 
solution precipitates acetate of lead, but not acetate of copper. Rosins a and 3» whan 
precipitated by acids from their alkaline solutions, are converted into 7 by expostua to 
the air. 

The following are the results of the analysis of these resins, and the (unreliable) for- 
mulae, which Van der Vliot has deduced therefrom : 




V.d. 

V. 

Mulder. 


Resin a 

Carbon 

Hydrogen 

7?9 ^ 
7-2 

“7T5 

71 

73*1 

7'3 


Resin 0 

Carbon 

711 

71-0 

71*7 


Resin 7 

Hydrogen 

6*2 

6*8 

6*9 

Carbon 

73*2 

73*2 

73*2 

C'‘H"0- 


Hydrogen 

8*6 

8*4 

8*6 


By the dry distillation of the resins of gum-bensoin, completely freed from bena^o 
acid, Kopp obtained a solid suhetance, which he regards as the odorous prinidple of 
the gum, and a roae-rsd distillate, which gradually becomes darker, and contaiiis crys- 
tals of bensoic acid ; the fluid portion appears to be hydrate of phenyl. By the same 
process, Cahours obtained an oil, which Ileville (Ann. Ob. Fhjrs. [3] iii 192) rsffsrds 
a.^ benzoate of cthyL When they ore distilled to dryness, wi& excess of nttrie'' sciA' 
nitrous frimes are abni^iaBtW evolved, and a distillate is obtained, containing hydrids 
benzoic a^ and hydrocyanic acid ; boiling wafer extracts picric acid ftm 
the residue, and leaves a ydlow pomer, bentoereUo acid (q. v.) Sulphuric sold dis- 
a^Jves the resins to a oonunon solution, whence the addition of water separates thsm 
almost completely as a violet prodpitaie; the acid liquid decanted and nsutrslissd 
witli lime yidos i| solahle calcium-salt. F. T. 0» 

BmnpxjLqlMl Aom. fSmzomUckMure. 

^ocoloflT and ^reeksr, Ann. Ch. Phsrm. Ixxx;, 46, ^Streeker ihid, xA 869).^ 
^is add is analogous to btitaB^ycoUic add, rqnusentiiig lactic add in which 1 at of 
of basic hydrogen is ti^Iacoa by benzoyl, just as bsnsog^yoollic add reprssentii 
glycoUic amd in which 1 at of bs^ l^drogen is similsrW mlaeed. 

. ia prepared ty heatlim 10 pta. of i^^^nmy laetio add wfm 14 pCs. of bensdo sod 
jn an oa.b£th to 160^ OlTmlty misiiig the teinpefatnre to 200®, m fcaiS’ing it there 
•w Some hcMi^ Water diSifls over, and some benzoic add sublimes. The rcetoits m 

you t 00 



562 


tlie retort Bolidifiee on oo<^n^ to a csrytsalliiie mass of benzoic and benaolaetie addip 
^lese are separated bj partial satnration with sodic carbonate, whidi takes op the 
benzoiactie acid first ; the solution is filtered from the benzoic add, and fteed fion 
the small quantity of benzoic add which it contains by agitation with ether; on the 
addition of hydrochloric ad^ benzoiactie acid separates in crystals, wbii^ are purified 
by reciystallisation from boiling water, or from ^er-alcohol. 

It forms colourless tabular or spear-shap^ mystals, nnetuoos to the tondi : melts at 
112^ G., and solidifies yeiy slowly on cooling to a crystalline mass; snbliines unde* 
comiKised when heated considerably above 120°. It dissolves in 400 pts. cold, and in 
much less boiling water: when boiled with not enough water to dissolve it, the 
excess of add mdts and the solution becomes milky on cooling, and darifies veiy 
slowly, with separation of crystals. It dissolves readily in alcohol or ether, the Utter 
removing it entirely from its aqueous solution ; after diying in the air, it does not lose 
any water when heated to melting. By prolonged boiling in water, it is decomposed 
with benzoic and lactic adds: the decomposition is accelerated by the addition of a 
dilute acid. 

The heitzolactatcs are mostly crystalline, soluble in water, and closely resemble the 
benzoates, from which, however, they ere dietinuuiehed by their neutral solution not 
being predpitated by normal acetate of lead. The harium-saii, -i- 6 aq, 

crystallises in thin, shining, six-sided laminse, which lose their water at 100° C. The 
ailver^salt, C'®H*AgO\ is a fiocculent precipitate, soluble in boiling water, whence it 
crystallises in fine needles. The sodium-salt ciystallises in colouriess needles from 
boiling alcohol. F. T. C. 



lOS^C AXiCOBOIa, See Benz¥X.ens, 
fiOXtXBB. Syn. with Auajeune (q.v,) 

LOXiOBB, (?) (Kochleder, Ann. Ch. Pharm. xli. 94).— .Formed 

together with benzostilbin, when hydrobenzamide is heated witli solid potash. Tlie 
mixture must be heated tiU it blackens ; the product is powdered, extract^ with water, 
wa^ed with cold hydrated alcohol, and the residue dissolved in strong sulphuric add. 
The blood-red solution thus formed becomes greenish-yellow on addition of dilute 
alcohol, and deposits small c^stals of benzolone : on addition of water, it eeparates in 
the unezyataUine state. It is insoluble in water or alcohol ; melts at 248° 0., and 
sublimes almost without decomposition, when more strongly heated. Strong nitric 
add dissolves it with a reddish-yellow colour, and it is repreeipitated by water; fuming 
nitric add decomposes it, forming a yellowish resin with evolution of nitrous fumes. 
It is not attacked by aqueous potash. KochlederU analyses give a mean composition of 
0 83-5, H 6-2. F. T, C. 

See Bbnzamidb. 


JUnfSOMmiBTXO AITBTBMEBS. See Benzoic Aithtdeidb, 
B3BIVSOBB- Bene^henone. TKenyl-henziiyL {P41igot» 

Ann. Ch. Phya. [2] Ivi. 69. Chancel, Compt. rend, xviii. 83.; Ann, Ch. Phann. 
Ixxx. 26). — >^6 acetone of benzoic add ; it is formed'by the dry distillation of benzoate 
of caldum: 

- C*»H»*0 + COKJa'*. 


Bzy benzoate of calcium is mixed with ^ of its weight of quick lime, and distilled in 
an iron mereozy bottle, fitted with a b^t gun-bai^. The red liquid which pasess 
over (which P4ligot called beozone), contains, — ^besides benzone,— benzene, hjdnde of 
benzoyl, and two solid hydrocarbons isomeric with napHthalin. On diidrilling it in a 
tubulate retort, benzene first passes over ; and the temperature risea lapiSly : the 
portion whidi comes over at 316° — 326° C. is collected apart, and consists of nearlr 
pure benzone, which solidifies on cooling, and may be obtained quite pure by zoetyatal* 
lisation from ether-aleohol. 1 kilogr, benzoate of caldum yielda about 260 grauL 
benzone. 

Benzone forme colourless, transparent czystuls, often of considerable size^ beloittmg 
to the trimetric system. It melts at 46° C. to a thick oil which 4oee^ not sdidi^ 
unless it be agitated ; boils at 316° and distils undecomposed: its vapour is vmyiiiflam- 
mabU^ and boms with a bright flame. It has a rieasant smell, somewhat like that of 
benzoic ether. It is veiv soluble in ether, less so m aloohol, not at all in water ; strentt 
nitric or 8ol]^uric add dissolves it abundantly, and water renree^tates it unehangem 
'When heated with soda-lime to about 260° C. it is decompose^ yielding sodie benzoate 
and benzenei bat not a trace of hydrogen: 

Cra-.C'HK) ^ HaHO » 

Biniir0k4n9am€.J>Mn6ena 


BSMZckmirmB. $0 

idtne Mid eoararts bMWOBe into » thi«k oil, wbicli KdidiUM Teir dmrW ; uMiw 
golTwitMidd^ontaitapaediViiitlMfomof BTdlowMi MTMilliiMiMwder.' irUtA 
if dimtcobanaime. Badoang agents eonrert it into dtphenjl-eariiamide (flavine): 

C'HWO* + eHW = C“H'»N*0 + 4HK> + S*. 

llavitM. 

Of the two hydroearbonB, isomeric with naphtludin, mentioned ahoTOi one try^ 
gtallises in large needles, fbisible at 92^ 0., the other, much less soluble in alcohol 
ether, forms small nodules foible at 65^. The former is readily obtained by 
diasolying in strong sulphuric acid the liquid obtained by the dry distillation el 
calcic bensoate ; it immediately solidifies on the sur&oe, and u remoyeX washed, dried 
by ^terpaper, and crystallised from hot aloohoL The latter is best prepared by the dry 
distillation of potassic benzoate with potash-lime : it then passes oyer mone, in solution 
ill benzol, which is distilled off in a water-hath, and the residue mystaJlued from 
alcohol It is also formed together with benzol, when ammonio bemsoate is passed 
over heated baryta. F. T. O. 

unowzm&a. Oycm^o/PAenyl, CTH^N.C^H^CN (Eekling (1844), 
Ann. Ch. Pharm. xlix. 91.^ Limpricht and y. tJslar, iM, IxxxyiiL 1S3). — S^sai* 
zonitrile is obtained by yarious methods : — 1. By the dry distillation of bensoate of 
ammonium, or by heating benzamide, either alone or with caustic lime, or baryta, 
l>hos|>horic anhydride, or perohloride of phosphorus: the reaction in sJl these eas«| 
oousuts in the abstraction of the elements of water : 

C»H*O.NH«.0 - 2H»0 - C»H*N. 

Bens. amm. 

N.C»H*O.H* - H*0 - C»H*N. 

Bensamtde. 

2. By heating hippmc acid, either alone (Limpricht), or with chloride of sine 
(doss m an n). 3. By the action of chloride of bensoyl or benzoic anhydride on benza- 

tnide, or by heating benzamide with potassium (see BnxzAinDB). 4. By tlie action of 
chloride of benzoyl on ozamide (Chiozza): 

CrHK),a + N*.CH)* - C»H‘N 4^ CNH + HCl + CO* + H»0. 

or on salpho<yanate or innate of potassium (Schiff, Ann. Oh. Pharm. zciz. 117i 
ci. 93) : • 

2CmH).Cl + 2CKSK - + 2KC1 -h CO* + CS». 

6. By heating benzoic anhydride with cyanate or sulphocTanate of potazaiam (Schiff) : 

Oi«H>*0* + 2CN0K - 2<PH*N + CO*K* + CO*. 

0. By the action of mercuric oxide on thiobenzamide (^, v, under BbhzamixiB). 

Preparation, — 1. When dry benzoate of ammonium is heated in a retort immoBla 
crapes, benzoic acid sublimes, and water passes oyer with a few oily drops of b«iao> 
nitnle; as most of the bCnzonitrile remains in the fused residue in the retort tlds It 
covered with water (to which a little ammonia is added), again disrilled to d t yn eas t 
and the operation repeated as loi^ as any oil passes oyer with the water: 12 oa. 
benzoic acid yield in 6 days, 6 oz. impure ^nzonitrile. This product is washsd with 
dilate hydrochloric acid, then with water, dried oyer chloride of ealenun, pid reetiw 
ficd (Fehling). Accoiding to Laurent and Chancel (Compt. ehtiiL A8^9t in)i 
bcnzonitrile is more easily prepared by passing the yapour of ammonia bisnsoato orer 
heated baryta. — 2* One pt dzy bip{)pic acid is mixed m a warm mortar with an equal 
bulk of quartz-sand and 2 pts. ehlmds of zine dried as completely as possiUe^ apd tbs 
mixture IS heatedinadiy retort to 300^ — 350^.: benzontrile then distils orer, eamnio 
anhydride esomes, and a little carbon is deposited ; 100 arms, hippurie acid (the utmost 
precautions being taken to exclude moii^nre) yielded 33-— 40 grms. benzoirit|^et 
^Iculation remiires 57 grm. (Qossmann, Ann. Ch. Pharm. c. 72). — 3. Aooordsllv to 
Buckton and wnftnflmn, beosonitrile is bmt jm^^ared by distilHiig benzamido wUh 
phosphoric anhydride. 

BensonitrOe u a dear, eoUmfleai» stnmriy refraeting oil, smeOiag lika bittSMlaoud 
^ and hayiim a bnznhig tastei spedfie gra s r i W 1*0230 at 0^, 1*0084 at IM^ O. 

At higher tempwztiires it is less danse than water, fbr it sinks in cold water, 

l>ut rises to the surfhee when heated. It boils at 190*6^ 0. with tim tiaio amty r 
ft 733*4 mm (Kopp), and distils uadeeonqiofsd: its Timoiir dmudtf ht 3*7 I 

Its ooefleieiit of l uoa ctfam is 1*303 (Beaseh). It msolTSS in 100 pta. 
water, and aqsaiatas out again on coolW; it mixes with slsohol and ether In aH 
l*'''TMiona Subhar daastKw in It wm tha aid of batO^ and erytUJMm§ out on 

ouoUii^ 


oo 2 
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Benscmitrile burziB with a b^ht smohj flame. Cold agueous pptask does aol- 
attack it^ but on boiling, ammonia is evolved and potassic benzoate formed { a^auniUir 
decomposition is by ^lute acids. Strong sidphuric acid dissolves it, and on. 

heating, sulphobenzoic and disulphobenzolic acids, and scid^ si^hate of ammonium 
are formed, and carbonic anhydrids is evolved : (Buck ton a$i Hofmann): 

2C’'H*N + 5SO*H* + H*0 - (TH-SO* + C«H*S*0« i 2(NmH.SO*.) CO*. 

With fuming nitric acid it forms a substitation-product (see below); when heated 
with potassium in a sealed tube, it assumes a carmine colour, and at 240^ C. fields a 
sublimate of fine needles ; water extracts cyanide of potassium from^ the product, and 
the residue yields on distillation, a gpreen oil smelling of creosote, in which crystals 
again form (Bingley, Chem. Gaz. 1854, 329). With sulphide of ammonium, it farms 
thiobcTLsamide (g. v, under Benzauidb). 


Substitution-prodveis of Benzonitrile, 

Chlorobenzonitrile or Cyanide of CMorcjfhenyl, C’H^CIN, has not been obtained 
by the action of chlorine on benzonitrile ; but it is the principal product when sulpho- 
benzamide or sulphobenzamic acid is distilled with ^rchloride of phosphorus. The 
distillate is mixed with potash, and rectified, w'lien chlorobenzonitrile passes over with 
aqueous vapour, and collects in the receiver, forming er^'Htuls which are obtained in largo 
colourless prisms by reciystallisation from alcohol or etlier. It smells like bitter-almond 
oil, is in.«)oIul)lo in water, but readily soluble in alcohol or ether ; melts below 40®, and 
•olidifios at 36® C., volatilises slightly at the ordinary temperuturc, more rapidly at 
a gentle heat. Prolonged boiling with dilute nitric acid converts it into chlorobenzoic 
acid; heated to 100® with ammonia in a sealed tube, it yields chlorobonzumide. 
(Limpricht.) 

Nitrohsnzonitrile or Cyanide of Vitrophenyl, C'H^N*0^=C“II^(N0*)N. — ^Pre- 
cipitated as a white solid body when benzonitrile is heated gently with fuming nitric 
acid and water added to the solution ; it is tolerably soluble in hot water, and sep;t- 
rates on cooling in small white silky needles, soluble in acids, and reprecipituted by 
water. When heated, it evolves irritating vapours, and leaves a residue of carbon. 
When boiled with acids or alkalis, it yields ammonia and a nitrobenzoate. It cannot be 
obtained by the dry distillation of nitrobenzoate of ammonium (Gerland). F. T. C* 

BBVKOirZTROBSJrZOXC BBSYBBZBB. See Bkkzoic Anhtdbidb. 


BBBTKOBZXBO CtTlMCZBB. See Oumyiaminb. 

BBXrXOCBBJLirTBmc BaranBXBB. See Bbnzoic AiramitiDR. 
BBBBOVBXJUROOBXC BBBYBBZBB. See Bekzoic Anhtouidb. 


BBXIBOFBIBXmiB. Syn. with Bbnzoatb ur Phbntl. See Bbnzoio Acid. 
BBMrSOBBBSrOSrs. Syn. with Bemzonb { y , v.) 

BSBrSOBXVBBXBB* See PiPsnromB. 


’BMntOBBOPYXBirsrXi. Syn. with Bbkzoate of Aixtu See Bbnioio Acid. 

JHBMiO^ABXOZB’. Syn. with Pofuxin {g, o.) 

- B liTOYBBimo BCXB. Benzosalicylamide, 

,,jp|Gerhardt and Chiozza, Compt. rend, xxxvii. 80 ; Limpricht, Ann. 

^ Ob. Pharm. xjiv. 249.)— When equivalent quantities of salicylamie acid and chloride of 
benzoyl ace heated toother to 120—145® 0., as long as hydrochloric acid esesM, the 
product remains li^u^ a long time after cooling, but crystallises on adding a few of 
alcohol or ether ; it is washed with ether, and dissolved in boiling alo^ol, whence it 
crystallises in rionder needles united in flocks. It is sparingly soluble in alcohol, 
even im boiling. When heated, it ^ves off water, and is converted into benso- 
salieylimide. It is readily soluble in ammonia, and is repredpitated unchanged 
on evaporating the solution, dr om addition of an acid. It dissolves in the fixed 
alkalis, forming deep yellow solutions, but is generally decomposed into benzoate and 
Zfilieylate. It is attacked by chloride of benzoyl, yielding a c^stalline prodnef, 
^hich appears to be converted into benzosalicylamic acid the addition of water or 
i^pjlDohoL ^ After fusion, it is no longer completely soluble in hot ammonia ; the yellow 
‘kaaidue is soluble in alcohol, fikrming a yellow solution which deposits on ev^oim- 
. Ahm small mystals, apparently of an ammonium-salt : the solution is decdorised by 
. ti^bochloric acid. 

^Anmosidieylafnates.^Tho ammoniaeal solution of the acid forms a lighf^ydloaiMprs- 
| 3 ipitaU» with normal acetate of lead, and a light-blue wiUi sulphate of copper. With 
nitrate of silver, it forms the silver-sait, C**H*fAgNO*, a yellow precipitate^ which 
becomes heated on contact with chloride of benzoyl, forming a viscous imodiiet^ wliidi 
dissolves in akohol, leaving a residue of cJiloride of silver. 



BENZOSikMCTtAMmE — BENZOYL. 


m 


If MalScylic acid be vtfpxM aa monobaaic^ thia oompottii4 becomes ben/nmiUcyhmidg^ 

K.C'H*0.C*HH),*H. F. T. C. 

See BB2aK>8ixiCfTLAiiio Aem. 

BSnOBJLUOTniQ AC’™. - C«H«O.C’HH>.H.O>. (Oerhardt 

(18d2)i Ann. Ch. Phj^ [ 8 ] xzxTii. 322.) — ^Formed by the action of chloride of bensoyl 
on sali< 9 'lat 6 of potassiam, os a viacous mass difficult to purify* soluble in ether, de- 
compoeed by bouing water into benzoic and salicylic acids. By dry distillation, it 
yields benzoate of phenyl* and other products ^luble in potash. 

This compound is analogous to bonzoglycolHc and benzoluctic acids. If salicylic acid 
bo regarded as monobasic* it becomes bonzosalicylio anhydride* C’H*0.C’HH>*,0. 

F* T. G* 

jmnOAAUCnrxzmBB. See Bbnsaiixdb. 

LMTHTSMUia. See Bjwsoio Anhtdbzdk. 

r. C**H’*0 (?) (Bochleder* Ann. Ch. Pharm. zh. 93).— The 

yellow powder obtained by fusing hydrobenzamide with solid potash consists of a 
mixture of three substances* a pecidiar yellow oil* benzostilbin* and bonzolone ! the pro- 
portions of these throe compounds vaiy with the duration of the fhsion, benzolone not 
tjeing formed at all unless the mixture has been heated till it blackens. The two former 
are separated from the third by alcohol, in which benzolone is insoluble. The alcoholic 
solution is mixed with a little hydrochlorie acid, when it becomes red, but is decolo* 
rised by standing, and deposits benzostilbin in small crystals ; the same result is pro- 
duced more rapidly by passing chlorine into the solution. The crystals may be 
oUained larger by the slow evaporation of their solution in other. When quite free 
from the yeUow oil, they are but slightly soluble in alcohol. They melt at 244*3^ 0., 
and sublime when fUrther heated* being in great meaaure decomposed. They dissolve 
with a red colour in sulphuric acid, and may be boiled without decomposition in 
aqueous potash of 1*2 specific gravity. Kochleder’s analysis gives 86*3—86*6 C, 
3*2— 3*3 H. * F. T. C. 


C*^H**0*. — The name given by Van Bommelen (J, pr, 
Chem, Ixiz. 84) to a glyceride or artificial fat obtiiincd by heating glycerin, to 200^ C, 
with l^Dzoic and succinic acids. It is a soft dark-brown mass* which is decomposed by 



Bsnosir&vMorasir ABKZO Bom. See Bmoaifini. 

nr A1ICZ2IB. See Bbkiamzdb 



iT&v CHnoBZDii* and Aiodb. See BmailtDi. 
See BBNZikiiiDB, 

See Bexoaiczds. 

See BsNETrjiiis-PiisNTi.AiciNn. 

C>»H»0^-(C*H0*)''.C^*0.H.0*. 


:• ' V A**' ' 


J. de Pharm. [3] xxxii. 47.)--Obtained W heating a mixture of 
tartaric aci^ to 130^ C. The acids melt at first w 



water, som4 
fodiocarbo- 


benzoie and 

last form a homogeneous brown mass. When this is dissolrsd in ^ 
benzoic acid ciystaUises out ; the mother-liquor is partiaUy neutfiHiSa ^ ^ 
nate* decolorised by animal charcoal, and acidulated witn hydrochlorm acid. After 
some time* nodular masses separate out, which are formed of microsoopic ezyitalf* and 
are not altered in form by reorstallisatioxL The acid is more solnbU in cold water 
than benzoic acid* but less soluble in alcohol ; its solution has no smeUL No saUgaate 
is formed when it is heated to the melting-poin# of benzoic acid; when ii% ffirther 
heated, benzoic acid sublimes, and the blown resfdne smells of heated tartaHe amd. 

A cold aaturated a * ^ 1— **-♦* i:—-— 

or nitrate of sUver , 

of lead. When neul „ . ^ - , - , . - 

cihloridc^ hat does not precipitate idiloride of calciiun. When its solution Is one-fci 
oeutrali^ with aminonu, it gives with nitrate of silver, a predtutate, wMefa at^ ^ 
redissolTed: it contains 46*33 per cent, diver, correspon^im to the MSW 
C**IPAg*0^ From tbU the acid would appear to be dibasic m whieb casyt 
analogous to henaogllycdUe and fasnzolactic ad d s. ^ ' ^ 

anUBO AnmMML See Baasoio AjiffToama. 

(THH).— The hypothetical radicle which, acearding to Idebig and 
o o 8 
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Wear’s QtwinBl snggeatii^ conndMed as ackta^/'iif-taicoie aaid aoi 

tnaDT of its Ibrndred compoi»id8,-^S«teoic acid, C'JW,'bSiig’'Tf!i|ei*dad at ^diate of 
benzoyl, C»H*O.HrO, bittwyalmood oH^JESO, ofbenitoyl, &q. This vieir 

ezpli^s the reacUons of satLB&doiy 

manner than that of BeRelini» vho, in aeoovdanos ^mhis oniniotf tliat oxjgsti nerer 
entered into the composition of^ omnio xiidBeli^ omde^ C*H' as the radide of 
this gronp of oompotmds. The^dkanrinitl^^ mas^ benzoyl-oompoonds pam 
into phen^’Oompoimds rendeis it nrobalde that" benzoyl should be regarded as a 
compound of phenyl, with carbonyl, CO ; Just as acetyl may be ngarded as a 
fBompound of methyl and carbonyL One or more atoms of hydrogmi in benzoyl is 
capably! pf being replaced by a monatomic radide (Cl, Br, KG’, fommg what 
may be called secondary or substitution-radicles (chlorobenzoyl, C^H^'CIO, nitrobenzoyl, 
0'HXNO*)0, &C.), which may be suwwsed to exist in chloro- or nitro-benzmc acid, &c. 
Benzoyl has not yet been isolated. Benzil, which has the same composition, does not 
exhibit any analogy with other organic radicles. F. T. G. 

T f A** Brombenzaldid* CrH*O.Br. (Lie big and Wohler, 

Ann- Ch. Pharm. iiL 266.)— When hydride of benzoyl is mixed with bromine, heat is 
'mired, and hydrobromic acid giren off: the mixture is then heated, to free it eom- 
pletely from hydrobromic acid and excess of bromine. Thus obtained, bromide of 
benzoyl is a soft, brown, broadly laminar, crystalline mass, semifluid st the ordinary 
temperature, and melting at a rezy gentle heat to a brownish-yellow liquid. It has 
a famt aromatic odour, somewhat like that of chloride of benzoyl, and is readily soluble, 
without decomposition, in alcohol and ether. When heated with water, it mel^ and 
remains at the bottom, as a brownish which is decomposed into benzoic and 
hydrobromic acids only by prolonged boiling. It fumes sligntly in the air, strongly 
when heated, and burns with a bright sooty flame. F. T. C. 

BnrZOTXb, CB&Oiailta or* CUorhtmaldid, C’H^O.Ol. (Liebig and 
Wohler (18321, Ann. Ch, Pharm. iii 262; Cahours, Ann. Ch. Phys. [3J xxii. 
334; G-erharat, iJbid, xxxvii. 291). — ^Formed: 1. by the action of chlorine on 
hydi^e of benzoyl (L. and W.) — 2. By heating perchloride of phosphorus with 
benzoic acid (Ca hours). — 3. By the action of oxychloride of phosphorus on benzoates 
(Gerhardt). Also in small quantities, by the action of chlorine on mandelic acid, 
or on benzoate of methyl or ethyl (Malagnti, Ann. Ch. Phys. [2] Ixx. 374), and on 
einnamein (Fremy, ibid, 180). — 4. By heating benzoic acid to 200^ C. with a mixture 
of chloride of sodium and anhydrous acid sulfate of sodium or potassium. 

Pr^ratunu — 1. Dry chlorine is passed into hydride of benzoyl, the liquid being 
gradually heated to bouing, till no more hydrochloric acid is evolred: the product is 
freed by heat from dissolyed chlorine. — 2. A better and easier method is to warm equi- 
valent nropoitions of benzoic acid (122 pts.) and perchloride of phosphorus (209 pts.) 
in a tabulated retort ; a violent reaction takes place, hydrochloric acid is evolved, and 
a mixture of chbrides of benzoyl and phosphoiyl distils over, heat being gradually 
applied. Themixedchloridea are seporaM by fractional distillation: at chloride 

of j^osphozyl passes over ; from 110^ to 196^, a mixture of the two chlorides ; andfrom 
196^ to 200^, nearly pure chloride of benzoyl, which is readily freed from tra^sof oxy- 
chloride by washing with water, and dried over chloride of caldum.— 3. Sodic ben- 

ohloride of phosphorus: the reaction is 
ride be sli^tly in exoesss, chloride of 


aoate is tieat^ds a similar manner with ox; 
violent even in the cold, and if the oxy< 
banK^ and aodie phosphate are the only products : 

serffNaO* + POOT - 8C»HH).a + POW, 


otherwise beaioie anhydride is also formed. The distillate below 196^ obtained in (2) 
■u^anhiuitageously be employed for this purpose. 

Chbride ou bensoyl is a dear colourless liquid, with a peculiar smeD, which resem- 
bles that of horso^fadish and makes the eyes water, Swdflc gravity 1*196 (L. and 
W.); Id^a (Cahours): boils at 196^: vapoor-deiu^ 4*987 

(Oahoura) ; 4*901 (calc.). It is insoluble in water, but is decompose^^nwiy oj ool^ 
|ttd quickly by hot water, into benzoic and hydnx^orio add : tne sUina daoompod- 
dOBi ja ak»wW effected when it is eoqposed to moist sir. It is decomposed by aloobol, 
avofaitjoii of heat, into benzoic ether and bydrochloric add: it does not fmt 
iqKm pore ether. It is soluble in all proportions in bisulphide of ear^n, witfaoui 
deommosition, and with the aid of heat diasolves sulphur and phosphonu^ whisli 
eiyatailise out on ooolitig. 

It burns with albr^^ green-edged, v^ smoky flame. When BMlBd wiffi agiimes 
alMii; it is immediately deoompoeed into benzoate and ehtekU^ but it saay ba 
dktillcd without alteration over anhydrous lime or baiyta. With dry ammonkt oram- 
mtmic carbatuUe, it fbrms benzamide and chloride of anunonium ; it is similariy dooom- 






|a»d Ijy 
Msedbj 
iodide^ snlphide, 
beat, and jW* 

Ch. Phaim. xcix.*417): 
bensojl: 

^ l»(C»S.C^) - 


It is not attacked % 


Itlideooai^ 
^Inwnidd^ 
V it vnhm 

iii 4 Vnioaitnle (Sekifi; Anik 
of «i^0QS7«ail» at 


knoted leith Jn^ridc qf co^ptfr^ it' Jfidb3i 
iosaa). With cA&ride 4^ 

it forms a cryatalline oonipound, but not with the chlorides of emper» mimeilain, or 
sine : it is decomposed by fercUori^ of Hn (Oasselm ann). Wm thejSiiHb salts 
of many oigiime monobasic aeids» it yields an alkaline emos&de and as anhydride^ 
with sodfo binzoate^ beneoic anhydride ; with zodio ' ... 


e. 

an] 

0X14 


hydride, foe. ^Gerhardt). Heated with formaU of oodwin^ it yields earh 
ide, chloride ot sodium, and bensoic acid : 


CHNaO* + C»H»0C1 - CO + Naa + CWO» (Oerhardt). 

Heated with potaeoie osnlate^ it yields bensoic anhydride, potassie chloride^ aad Saipt 
bonie oxide and anhydride (Gerhardt) with oxanriirfo, bensonitrile and other prodnsiif 
(see BassoNiTniL), with most amides, a secondary or tertiary amide containing bensoyL 

When finely powdered aldikyde-ammonia is gradually added to chloride S bimioyl, 
sal-ammoniac and bensoic acid are formed, together with a substance which mysta^ 
lines from hot alcohol in needles having the composition C'*H**NH)*, iaomerie (perha|ia 
identical) with hipparaffin. It is insoluble in water, readily soluble in hot aloohol ev 
ether ; is fusible, and sublimes partly undecomposed ; is slowly decomposed by boiling 
potash or sulphuric acid into bensoic acid and a brown resin ; is not attacked by boiling 
with water and peroxide of lead, till salphuric acid is added, when aldehyde is efvolved 
and benzamide formed; is similarly decomposed by nitrous acid. (Limprieht, Ann. 
Ch. Pharm. xcix. 119.) 

Pentachloride qfphoaphorvs dissolves in hot chloride of bensoyl, and is deposited on 
cooling (Gerhardt). According to Schischkoff and Rosing (Compt rend. xivi. 
867), when equivalent quantities of the two substances are heated together in a sealed 
tube to 200^ 0. for some days, a compound, CTH^Gl*, is formed, which they call imt* 
chloride of henzovl. The contents of the tube are heated in a retort to about 110^ 0^ 
washed first with strong potash, and then with water, and dissolved in alcohol ; tho 
addition of water precipitates the compound as a yellowish neutral oil, heavier thou 
water, soluble in alcohol or ether. It blackens at ISO*’ — 140^, and cannot be distilled 
without decomposition. It is decomposed when heated with water in a sealed tube^ but 
not by mere contact with water or aqueous or solid potash ; it is also decomposed .to 
fumi^ nitric acid, evolving nitrous fiimes ; with acetate of silver in the cold it yieloi' 
chloride of silver. 

By the action of chlorine on bensoate of ethyl (g. tr.) a compound is obtained, having 
the composition C**H'*Cl*0*, which may be r^^rded as a compound of chloride w 
benzoyl with tetrachlorovinio ether, C**H**CrO* ■■ 2CrH*0CLC*H*Cl*0. It is • 
colourless liquid^ boiling at ISS** — 190*’ 0., of spedflc gravity 1'346 at 10*8^, smells Hks 
chloride of beuzoyl, fiimes in moist air, and is slowly decomposed by water into hydro- 
chloric, benzoic, and acetic acids. (Malaguti, Ann. Phys. m lax. 87A) 

CThloride of benzoyl appears to form a compound with bydrioe of bsmoyl, Oeo 
Bbnzotx., Htdbidb or.) 


Su&etitutfOH'-produc^ of Chloride ef Benzoyl, 


Chloride of Cklorohenzoyk (PH^OIO.CL (Llmprieht add 

tlsUr, Ann. Ch. Pharm. eii. 262).— Obtained: 1. By the aetioa of psrdilottde of 
phoephome on diloiobeiuoie add.— 2. By the decomposition of std^MMaaolo 
chloride: 

- . CH^CPO -r BO^ 


1 snlphalienzoic acid is heated with 2 at. perchloride of phoaphoma, as 1 
thing distils over ; by repeated rectification of the distillate^ a yellowisli UqiSd 
tain^ which boils at 285^ C., and omisists of impure diloride of cUorobcnnigd* irh^ 
cannot be poriied by diidnalaiwL As obtained by (1) Hie a dear, eoloiffiesa strin! 

&fabmls it 226^0.: is slowly deeompossd ^ botUsg wiW 


idWmting whieh I . , , , 

^foBobensoio epibydiisShloffe neidi, snd quickly by sts^ sqnms 
obennsni^S ana ehiorids of ommoiiinm. 

r^i 
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+ 2 POCP + 2 HGt 
iblv piir«; is A heavy stroi 

^ deboft^^^^ iio^iy hy cold* ir*— 
j^ydrochlme M when goi 
flcsd and 8ali(7lido of benj^yl. 



liidi 


^ liquid* 
hot water, 
^Kilicyloiu 
fotyet 

mioridkSf J^trobeil^^ 0^*(N0*)0.CL ^ihdura (1848). 

Ann. Gh. Fhjnk^|^if|pcui*^3|l; xlertaghini* »Wrf. [8] xxxiil. 465.)-^Fonn6d the 
action of ehljQt&^^ the sunsldne on hydiide of nitrobenzoyl. Also by heating nitro< 
bensoic acid with^pmx^laride of phosphorua ; a mixture of the cUoridra of phosphoryl 
and nitinbcnaoyl Ipiitils over, wnich is resided, and the portion wh^h passes over 
last, is imhed wit^^ter. dried over dilcwide of calcium, and again distilled. It is a 
yellow liqitid, header than, and insoluble in, water, somethii^ like chloride of benzoyl, 
and bqilui| at 26d^ — 268^ 0. It is gradually decomposed in moist air into nitrolion- 
nbie mid hydrochloric acids. It is similarly decomposed by strong boiling potash. With 
Amn^nia,^ forms nitrobenzamide ; withpbenylamipe, phenylnitrobenzamide. Witlt 
sJodhbl or wood- spirit, it forms nitrobonzbate of ethyl or methyl : it is not decomposed 
;% eth«Ef _ F.T^. 

PNO«C’H*O.CN. (Liebig and Wdhler(1832), 
Ann. Oh. Pharm. iii. 267 ; H. S trecker, tdid. xc. 62.) — When chloride of benzoyl is di«- 


iOTAiriBBOr. C*H^NO:= 
n. iii. 267 ; H. S t rec ker, tdid 
tilled with i^anide of mercury, n yellow oil passes over, which may be obtained colour- 
lem by (L. and VS^.) ; after a time, it solidides to a crystalline mass, wliicTi, 

after'ihiilfibg with water as long as any mercury-salt is washed out, and drying with 
fllter-papetr^d over sulphuric acid, leaves pure cyanide of benzoyl. It is a colon rless 
crysttulinif widy. which melts at 31® C., ana crystJillises by slow eo<ding in tables an 
inch long J ft has a pungent odour, exciting tears ; boils at 206® — 208® C. ; is heavier than 
water ; is inflammable, and burns with a veiy smoky flamo. It is very slowly decom- 
posed by water in the cold, and not rapidly, even on heuting ; is decomposed by aqueous 
potash ; also by ammonia, into benzamide and cyanide of ammonium ; and by zinc and 
hydrochloric acid, into hydride of benzoyl and benzoin. p, T. C. 

SSmOTX^ BYBBXXm or. Bmzaldine. Bitter^ Almond Oil. Oxide of 
Bvitomyl. Oxide of StUhene. C^H*0 « (Liebig and Wohler (18321 

Ajin. On, Pharm. xxii. 1.) — The principal constituent of crude bitter-almond oil, the vo- 
latile oil which is obtained by distilling bitter-almonds with water (see BiTTSn-AnMONn 
Oil). It is also formed by the dccomp^ition of many organic substances. 1. llytlio 
ogtidation of amygdalin, amygdalic acid, benzylic alcohol (Cannizzaro^ Ann. Ch. 
i^llparm. Ixxxviii. 180), oinnamon-oM* cinnamic acid (Mulder, Dumas, And P<^ligot), 
and gum-benzoin, by nitric acid ; of stilbene and styracene by aqueons chromic acid 
(Lauren t) ; of mandelic acid, styrone, and (with several other pr^ncts) of oAlein, al- 
bumin, fibrin, and gelatine, by suipliuric acia and binoxide of manganese. — 2. By the 
action of hydride of copper on chloride of benzoyl (Chiozza, Compt. rend, xxxvi. 031). 
r*3. By the rapid diy aistillation'^ a mixture of benzoate and formate of : 

(C»H*0*)»Ca + (d6o»)»C» - 2COK!« + 3C*H*0 

a blows ofly liquid puM over, whence hydride of benzoyl iz aepantted by Mid aul- 
^ pbite o# ammonium (Piria* Ann. Ch. Phanm c. 104). — 4. By the action of nascent 
hydrogen o n qy anide of benzoyl. Cyanide of benzoyl is heated gently witii hydro- 
chlo^ add ana excess of zinc ; the cyanide turns yellow, and the zinc becomes covered 
with an nuMth oontaining hydride fif benzoyl, hydrocyanic add, and benzoin. 

Tkvi when heam with potosh, yields reddfthjydlowoily dzo^ which, when 
yiddniife hydride of bmuoyl (Koibe, Ann, dll. Pharm. xevui. 3441 — 6. By t]m>ao- 
tioB4i^iaxaIateaf^^aa ehloride of benaylenc^ f : ^ « ■ 

+ (?Ag*0‘ . C^m^.CiO' + CO + 2dcCl 
smBt bd very cautiously hiat^ under rock-oil, otherwisa 
plans, attended with oomp^ae deatmetion of tM oiBania 
jr, Ann. Cfh. Pharm. cxi. 
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st^iccidc grarity fi 1*0499 tk 14*6 or 1*003 at 0® C. (Kopp) ; boils with the 

barometer at 7^1*3 fom, ; Tapoiu^density (calc.) 3*66. It is soluble ui 30 pte, water, 
and in all proportions in alcohol and ether ; when foee from pruMie acid, it is not 
ixnKonous; in the animal organism it is conVei^d into hippurie a||d (W^ler and 
tricrichs, Ann. Ch. Pharm. IzyL 336). It dissolves in sulphurous amd ii|pf9 ene^ 
than in water, and separates out on evaporating the solution. It is general)^ 
a*} the aldehyde of Uie bonaoie mup, since it exhibits many of the roactiohf^du 
hyde, combining with acid sulphites of alkali-metals, and oxidising in 
benzoic add ; but it does not reduce silver-solutions. " 

It burns with a bright very smoky flame. It may be passed through a 
dull redness without decomposition ; but if the tube be fllled with fongmenlts 
stone, it is decomposed into benzoyl and carbonic oxide (Barreswil and Boudiult, 
J. Pharm, [3] v. 267). Heated to 100® C. in a sealed tube Vflth ferric hydtilts'!(pi#^: 
viously driM At 100®) it is oxidised, and yields a considerable Quantity of 
zoatc, part of the non-combined ferric oxide lieing also reauced to foniwiipos^ 
((iriiger, Ann. Ch. Pharm. cxi. 124). Dry chlorine converts it into ebb^ifi of ben- 
zoyl and hydrochloric acid ; this decomposition is seldom complete, esp^^Sy if tho 
gas be moist, a compound of chloride iind h^'drido of benzoyl being formed (sie below). 
liromnc converts it into bromide of benzoyl and hydrobromic acid, lodhu does not 
attaek it. Cold strong nitric acid di^lvcs it uiidecomposcd, and on heating, slowly 
oxidises it into benzoic acid : Aiming nitric acid, or nitrosulplmric acid, converts it into 
hydride of nitrobenzoyl (sec below). Strong srd/phwrio acid dissolves it, forming a 
red solution, which blackens and gives off sulphurous anhydride when heated. 'V^th 
sulphuric a»4//(fndcitformsa snlpho-coiyugatcd acid, sulphomandolic acid (Hits- 
cherlich, Lehrb. 4** Aufl. i. 163). With p&rchJIoride of phoaphorvSt it yields the oUo? 
rides of benzylcne and phosphoryl (Cahoiirs, Compt. rend, xxv. 726). Heated with 
chhirifir of acttylin equivalent proportions for several hours to 120® — 1?0® C. jn a s< ’ * 
it yields hydrochloric and cinnamic acids (Bertagnini, Ann. Ch. Ph 
C.126): 

C»H*0 + C*H*0.a - C*H»0* + Ha 

With cuiphydric acid or sulphide of ammonium, it yields peculiar products oontoining 
sulphur, and varying acooimng to the amount of alkali present, and the medium in 
which the hydride of benzoyl u dissolved. In an 4 il||diohc solution, it yields hydride 
of tliiobenzoyl (see below) ; in an ethereal 8olulM^'lSiiohrnra/dine, With amrnom# 
and tulphide of carbon it yields sulphoeyancbencvlcnc. It dissolves jpotosstnm, becxmi- 
ing thick and dark, but without evolution of hydrogen (Lflwig), When heated with 
^lidpoiosA, it evolves hydrogen, and ia converts into benzoate; with olcoluAid jpotash, 
into benzoate and benzylic ucohol. Cyanide of ywtosstuiiHoonrerte i^wts I^CfioUL 
With ammnia it forms various products (Ijaurent) ; with aqwNme amnMdflii 
benzamide and azobenzoilide; witirafoeAo^ ammonia amarine^ ^e«i si 
acid, and sometimes, dibenzoylitnide (KobsOn). With yirida iSvh 

sylene-phenylamine; with ^ensoylnride. . > 

^^tcnhinathnc^ JSencoato^A Hydride of BencoyL See ] 

Hydride of Meneoyl with Chloride of pensoyl, C*W*C1^ 

(Laurent and Geni|»rdt, Oompt ehim^ ll^O, p. 123.) — Fonq^ i 
by^dajg^ Lenzoyl ia^imperfoetly saturaisd isrith chlorine, it even i 
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and dried over snktihric add in vacuo. It is inodorous ; boils at 170® 0. %)ef^c 


gravity 1'24. Sl^itiy soluble in water, forming a bitter or neutral solution, readily 
in deohol or ether, jre begins to decompose at 100® 0.,. and when boiled is entirely 
resolved into hydride of benzoyl and hjdroqyanic acSM ; it is siiniltfly decomposed 
by aqueous potash. When evaporated with strong hydrochloric add, it tiJces up water 
and forms mondelic add and ammonia : 

+ 2H*0 - GOTO* + NH^ 


^f^hardt (Triiit^, iil 193) mentions a compound obtained by distilling in a brines 
t>atlL a mixtlge of 2 pts. hydride of benzoyl, 1 pt. cyanide of mercufy, and 1 pt. hy- 
dnodUorie add : it is an oil which smells like hydride of benzoyl has aspecific gravity 

i'lO; ia somewhat soluble in water, more in alcohol readily in ether; does not solidi^ 
at 12® C. ; boMat 312®, yielding a distillate which crystallises on cooling. 

lotVA Chloride of Ca/ctwm.~When dry pulveris^ 
chloride of is added to anhydrous bitte>almond oil heat is evolved, and a 

solid compo^tUid^^ formed, wliich separates from the liquid in easily deoomposibla 
crystals, apparent^ containing 2*3 to S*3 at. Cad® to 2 at. hydride of benzoyl (£k* 
mann, Fharm. cxii. 151.) 

Hydride ii!f Benzoyl with Aeid Sulphites of Alkali-metaU. (Bertagninl 
Ann. Ch. Fharm. Ixxxv. 183.) 

a. With Acid StdphUe of Ammonium . — Hydride of benzoyl dissolves in all propor- 
tions in add sulphite of ammonium; but the resulting compound cannot be obtained in 
the crystalline state. The solution dissolves an excess of hydride of benzoyl which 
f>eparatea out on addition of water. Ammonia renders it turbid, and padually preci- 
pitates a body having the properties of hydrobenzamide. When the £7 compound is 
neated with excess of slaked lime, it yields amarine and lophice. (Gbssmann.) 

5. With Acid Stdpkite of Botassium . — ^When hydride of benzoyl is shaken up with a 
solution of this salt of 28® — 30® Bauni5 (specific gravity 1*24 — 1*26), a crystalline mi^a 
is speedily formed, which must he dried with filteivpaper, and dissolved in dilute boiling 
alcohol (u boiled too long decomposition takes place) ; the solution on coolini deposits 
the compound in shining rectangular laminin. It is very soluble in water, less so in 
presence of alkaline sulphites, not at all in a saturated solution of these salts ; spar- 
ingly soluble in cold, readily in boiling, alcohol. It is permanent in the air. Its 
aqueous solution is decomposed by boiling, either alone or with dilate acids, and by 
alkaline carbonates, with separation of hydride of benzoyl 

V ft With Acid Sulphite of Sodium. C’H*O.SO*NbH. 4 Aq. — ^Formed like (5). Small 
white aggregated prisms, tasting of hydride of benzoyl and sulphurous aei£ readily 
soluble in water, sparingly in hot alcohol insoluble in cold alcohol It be kept 
in stoppered botties, and decomposes but slowly when exposed to the atr. Wnen ca^ 
frilly heated in the air, it is decomposed without blackening, into solphurcms anliydride 
and hydride of benzoyl sulphite of sodium remaining ; in a stream of hydrogen, tins 
decomposition takes place below 100® C. Its aqueous solution is decomposed by boil- 
ing, eitner alone or with acids or alkalis, like that of (5), also by iofine or chlorin^ sodic 
sulphate being formed. Nitric acid decomposes the dry srit in a similM manneri Its 
aqueous solution gives, with barium-salts, a white precipitate, soluble in hydrochloric 
acid ; it also procipitatee lead- and silver-salts : the precipitates appear to contain a 
portion of the oil 


SubsHtution'produets of Hydride ofBenzoyU 
Hydride of BitrobenzoyL Nitrohemaldid^. C^H*NO* ■■ C’H^(NO)*O.H (Ber* 


hftrobenaoyl in yellowish oily drops, which crystallise in a ibw daya The veisel imiffe 
be heut oool durinff the operation, otherwise nitrobensoie add will be Ibimed. Tbi 
iryi^^are contanSnated by a yellow fbttd oil whence they are purified by preamne be^ 
thjpiw frHe^paper, and reerystimisation from boiling dilhte alcohol 
li Ibnns white shilling needles, inodorous when pnre^ with a tsste fike that of hy- 
dride of bmovl It is slightly soluble in cold, readily in hot water ahso^l less 
no in etheri dsastdves nndecomposed in nitric, hydroehlorie, Or shtphorie adds^ mMl,N 
mystaltises oht as tsst solution absorbs moistuzo horn- the idr. It mdtf easily tO ' 
a eoioazloss liqfidd, lAkhsolidillcs at 46® C. ; when ht&ut heated, it givesoff 
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wtitm oompletelj wii«ii heated m an ofl^^iath in a etream of gas. 

Hydnde'ofiiitrobeiwjl bums with arsinokyaam^ It does not absorb oxygen from 
the ahr, bat is readily otmysrted into mtrobensoio acid by capdunng agento 
aqaeons chromie acid, ox n nixtnre of nitric and sulphnrio aoiai. i^ortiieu sunshine 
^TerCs it into Mftiio mirobefuos/i (see Bsksoitl, CHLOosks of). Breimiie dis* 
solres readily in Ihsed hydrid^Of nitarobensoyl» but does not desomposs it till heated 
o\’er 100^ 0., when a brown resinous mass is formed. Strong hjfdrocyanix acid readily 
dissolves it, the solution, if evaporatod at once, deposits it unaltered, but after stand* 
ing for a few hours, yieldis evaporation, a viscid liouid, permanent in the air, solute 
in hot water, and separat^ out on cooling, which, wnen K>iled with hydrochlorie i 
yields chloride of ammonium, and another body soluble in water. Cs(amde of \ 
sittm decomposes it at once, forming compounds which have not 
With oulpk^rio acid, its alcoholic solution forms hydride qf tk 

(see below). When its solution in alcoholic ammonia is treated with ^ ^ 

hydrogen, a semifluid mass is deposited, which consists of a 8ulphur-Si|iilipound mixed 
with free sulphur; the former is dissolved out by ether, and obtained JjtfHmporal^on as 
a viscid redoish liquid, insoluble in water or dilute acids, solute , alcohol ; it 

is decomposed by heat, evolving sulphuretted hydrogen, and when bpS^ with nitrio 
acid, forms sulphuric acid and a^yellow resim Heated with ^ ammonium 

it yields an acid product, readily soluble in water or alcohol. ,^»holia potash 
converts it into nitrobeozoato in the cold; aqueous potash requires tlGH-hid of heat.* 
Jmnumia, whether dry, a<^ueous, or alcoholic, converts it into triuitrobydtobensamide. 
When it is gently heat^ with urea, water is riven off, and the whole solimfles on cooling 
into an opaoue mass (nitrobenzoylureid?) slightly soluble in alcohol, readily in aloohol 
containing hydrochloric acid, being thereby decomposed into urea and hydride of 
nitrobenze^L 

Hydride of nitrobenzoyl combines with acid sulphites of alkali-metals, forming oom- 
pounds of which the following have been examined : 

tf. With Acid Sulphite of Ammonium, C'H*NO*,SO*Nlt* + ^ Aq.— l^drido of 
nitrobenzoyl is dissolved in a solution of acid sulphite of ammonium of 20” Bm. at a 
gentle heat, when this compound crystallises out on cooling. It forms small, tran- 
sparent, eoionrless prisms, which grate between the teeth, and have a bitter and sul- 

f murous tasted are soluble in water or boiling alcohol, and crystallise readily from the 
atter solution only. It is permanent in the air, though it gradually acquires a violet 
tinge. Its aqueous solution is decomposed by boiling, either alone or with srids or 
alkalis. With barium- lead- or silver-saltH, its aqueous solution gives a precipitate of 
metallic sulphite mixed with hydride of nitrobenzoyl ; with dichloride of platinum, it 
gives hhloroplatiuate of ammonium. 

h With Acid Su^kiteo/ Sodium. (rH*NO*SO»NaH + 6 Aq. —• Obtained in iSta 
same manner manw as (o), in yellow scales, which arc rendered nearly colourless by 
remyataUisatioQ from a bttle bot water. It is readily soluble in faot,^ less so in cola 
^ter: effloreMes in the air: loses its water at 70® — 80® C. ; above 90® it is decomposed 
giving off hydrogen, sulphurous anhydride, and hydride of nitrobenzoyl, sulphite of 
sodium remihuaghehtM Its aqueous solution is decomposed by boiling, sipodoUy 
on addition of a^sUF alkalis. ^ 

Hydride of Thiobensevi, Hydride of Sulphoheneoyl. Sulphide of Siilbene. 
Sulphqpicram^. C’H«8 i- c!tH*S.H (Laurent, Ann. Oh. Pbys. [3] i. 202. Roch- 
Jeder, Ann. Cfa.J2iarm. xxxviL 340. Cahours, Compt. rend. xxv. 367.) — ^Whsn 
1 voL of bittee-slmond oil (crude or pure), is dissolved in 8— >10 vols. alcohol, and 
1 voL aripbids ^ ammonium gradually added, this compound speedily separates im 
a mea^ powder, which ia earilv purified by waahii^ with aleohoL It ia alMobtotosd 
when an aloohcdie acdution of hydrobrobeiuHunide is supersaturated with solnhutettiid 
hydropn, and the liquid left at rest It is a white powder conalsting of mfcroaciM „ 
granule; ta inodoronfl, hut imparts to the fingers a amell of oniona; ia insolnbls^MI^ y 
water or aloohoL With ether it fbrins a transparent liquid, which resolidifies on addiuif^I 
» few drops of akohoi It becomes soft at 90®— 06® 0. After ftaaion it aolUUfiea to 
^'>Los|Mrent non-myatalfine mass. By diy dUtiUation, it evolves ralphnrstted hydragm 
airihieulptadsaf esrbon, and yields a sublimate of ftilbens and thi on cu ea l t 

9cnm - 2C8» + aBPS + 2 C»«h» + 
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kudroMorie add, it evolrea a little snlphttietted bjrdfogen. It ia dovli 

by afeoMia potmh; water separatee aa o3 from the Mlatia^ aiw apidSi ii 
evlphuretted hydrogen from the alkaline liquid. It is isomeric wift . 
bensylene. 

Hydride of ThionitrobcnJSoyL Sulphide of Nitrohenzyhme, 

C»H^(NO*)S.H (Bertagnini, Ann. Ch. Phaim Ixxix. 269).-— When an alooho&e 
aolution of hydride of nitrobcnzoyl is saturated with siilphuretted hydrogen, thk com* 
pound separates as a grey light mealy powder, which is inodorous, but imparts a dis- 
agreeable smell to the fingers. It becomes electric when nibbed. It does not dissolro 
usual solvents, but melts in boilii^ water, aggregates toother in boiling aloh 
and becomes soft and transparent with ether in the cold. It dissolyes in strong 
acid, and is reprecipitated unaltered by water. Stroi^ nitric acid deoom- , 
I it in the cold, dilute nitric acid on heating, forming sulphuric acid and hydride of 
^SDSoyL Alcoholic potash dissolves it m the cold, and water precipitates a 

substance from the solution. Ammonia, whether dry or aqueous, gttachi it, 

crying sidphuretted hydrogen, and forming (probably) trinitrohydrobepaaihide. 

Oxyiadidt of Benzaldide. (Geuther and Cartmeli^ Ann., Ch. 

Pharm. cxii. 1).— This compound, which may be regarded as a triple moleipdjaL of 
hydride of benzoyl (C^'H'W), having 2 at. O replaced by 4 at. I, is produced ^ the 
action of tiydriodic acid gas on hydride of benzo^ Two layers of liquid are thereby 
formed, the upper consisting of ai^ueous hydriodic acid ; the lower, which is oily, of the 
oxyiodide : the latter may bo purified by repeated treatment with water and acid sul- * 
phito of sodium. It is then obtained as a solid mass, which melts at 28° C. and 
riystallises at 2d° in colourless rhombic plates ; smells like cress ; dissolves ^adily in. 
alcohol and ether, and is insoluble in water. It may be distilled with water 
decomposition ; is not decomposed by acid sulphites of alkali-metals, but is 
illcoholic potash into iodide of potassium, a small quantity of benzoic acid, ah(£% 
oily body soluble in alcohol, but different from bittor-almond oil. By ammonia, it 
appears to be praduiilly converted into hydride of l>enzoyl Boiled with nitrate:^ ' 
silver, it forms iodide of silver, and emits an odour of bitter-almond oil. F, T. 

BBirzo-ni, loszsa 01>. eiPO.l. (Liebig and Wohler, Ann. Ch. 
Pharm. iii. 266.) — Obtained readily by heating iodide of potassium with cliloride of 
benzoyl ; a brown liquid distils over, which solidifies to a crystalline mass, coloured 
brown by free iodine. When pure, it is colourless, iamino-ciystalline and readily 
ftisible, always with partial decomposition; in solubility and general reactiQfls t^vMH* 
aemblee bromide of I^nzoyl. 

BBITZOYZn VSBOBXiOBXBa OB. See Bbnyoyih Chloridb OF. 

BBBTZOTX, SITXiPBZBB OB. (C^H’O^^S (Liebig and Wohler,;. M ^ 
-—When chloride of benzoyl is distilled witn finely-powoered sulphide of 
yellow oil pusses over, which solidifies to a soft yellow mystalline mass. It 
unpleasant sulphurous smell ; is not decomposed by boiling with water or i ' 
but slowly with aqueous potash ; burns with a bright smoky fiuine, git^ 
phuroua anhydride. 

KOn SmbBBOCBBJrZBB OB. See 8U£t>IIOCYiLNOBBinnrLllfi^ 



(Laurent (1837), Ann. Ch. Phya. [ , 

187* Laurent and Gerhardt, Compt. chim. (18d0), lid. Ilobaon, Chem. SoCa 
J. iy. 22d). — A product of the action of ammonia on bitter-almond oiL It is ' 
residue inmuble in alcohol, obtained in the preparation of asolxnzoyl, henzhydramrdf^ 
and dibenzoylimide (^. t*.) It is a white powder, without taste or smell, consistiDg of 
microscopic prisms. It is insoluble in water; requires 300—408 pts. boiling ji oonol 
for its solntioi^ and at least as much ether. Fuses when beate^ iind solidmes to a 
vitreous m^ in which a few oblique prisms separate. When boiled with alcohol 
hydrochloric acid, it is slowly decomposed, evolving hydrocyanic acid. By diy distil- 
ktion, it yields an oil, then a sublimate of lophixie and amarone, and fina% a 
aarbonaceous residue. ^ 

> Gerhardt (Traits, iii. 194) describes this body and benzhydramide under 
name of hydrides of cmnazohenzoyU 

Quadrat (Ann. Cti. Pharm. ikxi. 18% by heating snlphocyanobeii^lene, obtaiBHl^' 
a ;MiiiOttS mass, which, when exhausted with alcohol, a crystalline residuev lll^: 
soluble in water, almost so in alcohol, to which he assigns the Ibrmula 
The crystals are permanent at 109° C. and are not decomposed bMitn'c acid. ' 

See Bb29zoik. 

Syn. with BswocAUimtiPB. See Camumiob. 



C*H^N*0* (L«%rent and Gerhard Gonpt* eiii«L‘ 

^ jp, 119}.— Fonned hy the aetion of urea on hydride of beinoyl : 

4CH«N*0 + 8(rH«0 - C“H»WO* 4- 3HH>. 

When 5 pit. powdered urea are heated to somewhat below 100® C, with 2 pts. hydride of 
behaoyl, the mixture beoomes liquid, and shortly solidiftea to a compact mass. When 
sold, this is powdered, ffceed ftom excess of hydride of benaoyl by etoer, and of urea by 
boiliqfftrith water, the residue, which is dried at 120®, is benaoylureid. It is a white 
amorous powder, without smell or t^te, insoluble in water or etlicr, soluble in alcdiol, 
whence it separates on CTapomtion in amorphous crusts. It turns yellow at 1|0® Q. 
gives off hydride of benzoyl a few degrees higher, and when further heated ylriw 
hydride of benzoyl and ammonincal water, leaving a yellow residue, which 
volatilises completely, and is sparingly soluble in alcohol. When boiled witli dfli^ 
acids, it is decomposed into hydride of benzoyl and urea. It is not d^compostd iS 
boiling ammonia; slowly by strong boiling potash, evolTing ammonia and hydip^iw^ 
benzoyl, and leaving potassic benzoate in i^lution. Hydndo of nitrobeuzoyl 
with urea a siinilar compound* (Bertagnini.) F. T. 0» 

Mmantrkwxn, Syn. with Bsnzoyl-ubbjl. See CamiABnDa, . 

Tolyl. TohtenyL hypothetical radicle, isomeric with eresyl, 

contaihed in benzylic alcohol, toluene, and other com|x>uuds. F. T. 0. 

BSir&TXH OBXiO&X2>B OP. Chloride of Tolyl or Thtumyl. CMorotoluoln 
Call'd (Cannizzaro, Ann. Ch. Pharm. Ixvxviii. 129; xcvii. 246. Deville, Ann. 
Ch, Phys. [3] iii. 178), — Obtained by saturating benzylic alcohol with hydrochloric 
acid gas whmupon heat is evolved, and tholiquid divides itself into two layers, the lower 
of w&h Is aqueous hydrochloric acid, the up^icr chloride of benzyL Or by pasHiug ehlo- 
rilB into hywdo of benzyl in the dark, expelling excess of chlorine by a stream of 
S^inkmie tonydrido, and rectifying the pr^uct. It forms a colourless liquid, of qpecitto 
grarify 1*117 at 0®C; boils at 170® (Deville); 176® — 176® (Cannizzaro); insoluble 
in water, soluble in alcohol or ether. It is not attacked by aqueous potash ; alooholia 
potash decomposes it on boiling into benzylcthylie ether and chlornle of potassium. 
When boiled with an alcoholic solution of acetate of potassium, it is converted into 
acetate of benzyl ; of cyanide of potassium, into cyimide of benzyl* When heatedr 
in a sealed tube with alcoholic ammonia, it yields tnbcnzylaminc. F. T. C» 

maMVn, CTBJrzsa op. Cvanide of Tolyl or ToluenyK G^IPt? C'lP.CN 
(Cannizzaro, Ann. Ch* Phys. [3] xlv. 468). — Obtained by boiling chloride of Iwiizyl 
with n strong alcoholic solution of cyanide of potassium, till no more chloride of 
potMum separates out, and distilling the filtrate to remove the alcohol. The residual 
liquid separates into two layers, the upper containing cyanide of l>enzyl, which may be 
obtained it by rectification. It is a colourless liquid, which, by boiling with stroi^ 
potasht Jtf converted into toluic acid, C*H*0*, F. T. C. 

' ^ BtYDBATS OP. Syn. with Benzylic Alcohol ( 7 . 9.) 

wniMXnM op. Hydride of Tolyl or Ttduevyl, Toluene or Thluol, 

^ TntiiiiftUlif: Hraoyl, — Discovered by Pelletier and Walter (1837) in 

tbs 6i|#iiridiicts obtained in the manufacture od illnmmating gas from resin ; finl 
Deville, 

FonM: 1. By the aetion of potash on benzylic alcohol (Cannizzaro^ Ann. Ch. 
xc, 269; xevi. 246) : 

3Cm*0 + KHO « C»H‘KO* + 2C»n» + 2H*0. 

3. By heating toluic acid with excess of lime (Noad, ibid, Ixiii, 306) : 

C»H*0* CTH* + CO*. 

3. By the dry dtstitjl^on of toln-balsam (Dovillo, Ann. Ch. Phys, 13] iii 162, 168 : 
Hui^ratt and Hofmann, Ann. Ch. Pharm. liv. 9); of draj^u’s Llood (Gldnara 
andBoudault, Ann. Ch. Phys. [31 iv. 274); of the resin of lHnu$ mMHima (Polls- 
tier and Walter, ^Idd, [2] Ixvii. 260); of Burmese naphtha la Kuo and 
Muller, Proc. Roy. Soc. vuL 221); of resin-oil (Couerbe, Ann. Ch. Phys. [2] hdx. 
184); of wood (Volckel, Ann. Ch. Pharm. Ixxxvi. 334), and of coaL Is distilliiffi , 
ooal-tsr, the portion which passes over atlOO® — tl6®C. consists of toluene (Mansflslo, 
Chem. 80c. Qu. J. i 266).-->4. The yellow oil which separates from crude wood-M^I 
on addition of water contains hydrin of benzyL [Cahours, Compt. rend. zauL sllL} 
fViparof ma.— 1. When bem^lic alcohol is distilLri with four or five times its v olnn ia 
sti^ aloohcljk notssh in an apparatus which allows the less voltitile pnxiiicts to 
: pnt buck gg^w, wKol first passes over, then water, and finalfy, when the tesidne baa 
Maomo solid, a mii^ire of hydride and hydrate of benzyL This mixture is d W I fed 
itadli tba portion which passes over at 116® C. orilccted apart and shaken up witk. 
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sulphuric arid, the dcH^unted liquid imbed with petaasic carbonate, and tiriae ieri^ 
over phoephoric anhydride. — 2. When tolu-balsazD, freed hy distOlatipii with walft^ 
from toluene, rinnamein, and a portion of the benzoic acid is subjected to dzy diidUa* 
tion, there passes over, — besides carbonic oxide and anhydride, — water, ^abundance of 
benzoic, and a little cinnamic acid, a hcary oil consisting of a mixture of bensoateof ethyl 
(^nzoate of methyl, according to Muspratt and Scharling), and l^dride of bemyL 
This oil is distilled, and the. portion which passes over at 13^ — 140® C. repeated^ tee- 
tified over strong aqueous potash, and dried over chloride of calcium. E. AOpp 
(Oompt. chim. 1849, p. 149) purifies the balsam by boiling \rith sodic carbona^ bou* 
the residue with strong aqueous soda, distils the brown solution, decants Uie oil whidi 
passes over from the water which accompanies it, and rectifies it repeatedly. — 3. To 
prepare hydride of benayl frx>m coal-tar, the oil which comes over at 100® — 120® C. is 
mixed with half its weight of sulphuric acid and rectifiec^ when a product of constant 
boiling-point IS obtained. (Wilson, Chem. Soc. Qu. J. iii. 154.) 

Hydride of benzyl is a colourless, yesry mobile, strongly refracting liquid, with a 
smeii like benzene, and a burning taste; specific gravity 0*87 at 18® C. (Deville). 
The boiling-point is variously stated at from 103®*7 (Church), to 114® (G-erhardt), 
vapour-density 3*27 (Deville); does not solidify at— 20®. It is insoluble in water, 
slightly soluble in alcohol, more so in ether or in fixed or volatile oils. It dissolves 
most resins, also iodine, forming an amber-red solution, and, when heated, sulphur, 
which crystallises out on cooling. 

It is not decomposed when passed through a red-hot tube filled ^th potash-lime. 
It bums with a smoky fiame. With chlorine, it evolves heat, and yields several sub- 
stitution-compounds (see below). With fuming nitric acid^ it yields substitwriofi-oom- 
pounds (see below). It dissolves in filming ctUphuric add, forming soljpmbemylie 
(sulphotoluic) acid, and sulphibenzyl (sulphotoluol). It is not attacked either by 
j^taacium or by potash. When digested with sodium, in a closed vessel for fourteen 
^ys, it yields two substances, boiling respectively at 97® C. and 112®. (Church, 
Phil. Mag. [4] ix. 256.) 

'» Suhstiiution’pnroducts of Hydride of Benzyl, 

Deville (Ann. Ch. Phys. 13] iii. 178) enumerates soveraJ compounds obti^^ by 
the action of chlorine on hyonde of benzyl. When the reaction takes plae^ in the 
dark, chloride of benzyl (chlorotoluol) is the product (see Bbnzyt., Chlobidu of). 
When chlorine is passed t^ugh hydride of benzil in bright daylight, as long as 
drochloric acid is evolved, and excess of chlorine removed by carbonic anhydrioe, 
hydrochlorate of trichlorotoluol, C^H^Cl* = C'H*C1*.HCJ, is formed ; when distilled it 
decomposes and evolves hydrochloric acid. When the ari.ion of the gas is still fiirther 
prolonged a thickish liquid is formed, together with some crystals. If the liquid be sepa- 
rated, further treated with chlorine with aid of heat, and purified by carbonic an^* 
dride, the product is dihydrachlorate of pentachlorotoluol, C’^H*CP ■■ C’H*C1*.2HC1 ; 
when distilled it evolves hydrochloric acid ; it is soluble in ether. The czystals are 
hydrochlorate of pentachlorotoluol, C^H^Cl^sssC’HH^P.SHCI, they are purified by recrys- 
tallisation from ether, in which they are soluble, especially with aid of heat ; they 
colourless when pure. When the liquid and ciystals together are distilled in a s^cusua 
of chlorine, tlie distillate being repeatedly poured back again, the whole is gradually 
converted into a silky substance, abundance of hydrochloric acid being evolved ; this 
substance, which is hexchlcrotoluol (hydride of hexchlorobenzyl;, C’H^l*, ispiutfled 
by pressure between filter-paper and reciystaliisation firom ether ; it is volatile without 
dimmposition. 

Hydride of JSitrohenzyl. Hitrotoluol, C'H’NO*««C*H*NO*,H. (Deville, 
eit, ; G)6nard and Boudault, Compt. rend. xix. 505; Hofmann and Muspratt, 
AniL .Ch. Pharm. liii. 220, 224.^---Ilydride of benzyl is added to cold fuming nitric arid 
as long as. it dissolves immediately ; on adding water to the red solution, hydriiib of 
nitrokriliTl separates as a red liqui<^ which may be decolorised by washing with 
water and repeated distillation. It is a nearly colourless liquid, smelling of bitter 
almonds, with a very sweet and afterwards pungent taste; specific gravity 1*18 at 
16®*5 C. ; yapouisdensity 4*95 ; boils at 225® — 230® C. Beadify soluble in alcohol cr 
ether.. It is partially decomposed by distillation, completely when passed at a high tem** 
ppvatuve through a red-hot tube filled with pieces of glass. It buma with a aoMdey 
emitting the odour of gum-benaoiii ; when Pjaiad over red-hot baiy^ it la iw> 
arived into pbanylamine and carbonic anhydride. With fbmii^ aulphurie arid it Ibima 
nitroauj^otolaio arid ^0 hurch). Aqueous potash dissolves it, fiinntiig a red aelntioi^ ; 
whence nydzochlottc acid preripitatca a brown powder; with aloohciie potasli ittenis 
A blac^ liquid, whence a reddish oil containii^ ^enylamine is obtained^ distfllatipn,. 
Boiled unth aloriidlic aolphite of ammonium, it forma thiotoluate of 
With sulphide of ammonium, it yields benzylamine. 




Pfdride of JHmitrobenMfii JHnitrokdml, CTHWW - CTP(NO*),*It (B^ 
ville, ioe. dti Oahoura, Compt. rend. zxit. d65.)->Obtained hj boiling bydrme of 
bensxl with fiuning nitric ccid» or treating it with nitrosulphurie acid. It rryatalHitfifi 
from alcohol in lostroiu^ hard, brittle, prismatie ne^es, which melt at 71^ C. and 
to a radiated mass. It boils at 300°, becoming ooloored, and learing a rsai- 
due ; when strongly heate^ it yields a snblimate. It is sparingly soluble in water. 
It is not attacked by fhming nitrm acid. Ita solution in potash deposits a brown 
powder on addition of hydrochloric acid. Sulphide of ammonium converts it into 
nitrobcnaylamine. F, T. C. 

BSnni, ZOISXIMB or. CWI. (Cannissaro, 1854.) —When a solution of. 
benEylic alcohol in bmulphide of carbon is mixed with a solution of phosphorus in bi* 
sulphide of carbon, iodine gr^ually added, and excess of bisulphide distilled 
a liquid 28 obtained, which iiritates the eyes, and is probably iodide of ben^l. 

F, T. C. 


SSnnABIZVa. Toluidi^* C’H*K - (Mnspratt and Hof- 

mann (1845), Ann. Gh. Phartn. liv. 1 ; Noad, ilnd» Ixiii. 305; Hofmann, ibid, Izri. 
144; Wilson, Chem. Soc. Qu. J. iii. 154; Chautard, J. Pbarni. [3] xxiv. 160.) — 
Formed by the reduction of hydride of nitrobenzyl by sulphydric acid (Mus- 
pratt and Hofmann) : or by the action of potash on the yellow resin obtained by 
treating oil of turpentine by nitric acid. (Chautard.) 

Preparation , — 1. A solution of hydride of nitrobeneyl in alcohol saturated with 
ammonia, is treated with sulphuretted hydrogen till it smells strongly of the gas, even 
after long standing : sulphur then crystallises out. The reaction is accelerated by the 
npplieatiiOiD of heat, but the decomposition is never complete. The product is mixed 
with water and hydrochloric acid, and shaken up with ether to remove undecomposed 
hydride ; it is then evaporated to and distilled with potash, when water, ammonia, 
and benzylnmine pass over, the last as a heavy oil, which soon ctystaUises. The 
whole distillate is saturated with oxalic acid, evaporated to dryness on the water-bath, 
and exhausted with boiling absolute alcobol, which dissolves only the^ oxalate of beml- 
amine, which crystallises on cooling. The crystals are washed, dissolved in boiling 
water, and the solution decomposed by strong potash, when benzylamine sepaiutM tti 
oily drops, which collect and crystallise into a radiated mass on cooling; it is purified 
hy^ washing and one rectification, or bv c^stullisation from ether. — 2. The restn ob- 
tained by treating oil of turpentine with nitric acid, is gradnully mixed with aqueous 
potash ; tlie mixture assumes a dark-brown colour, and becomes hot, and when th# 
reaction has ceased, it is distilled as long as alkaline vapours pass over. The dis- 
tillate is supersaturated with hydrochloric acid, evaporated to dryness over the water* 
bath, and exhausted with alisolute alcobol, which dissolves hydrochlorate of ben^l- 
amine, and leaves sal-ammoniac undissolved. 


phenjlamine, and has a burning taste. It evaixiratcs at ordinary temperatures, melts 
at 40° C, to a colourless, stron^j-refracting oil, and lx>ilB at 196®, It is hesvier than 
water ; slightly blues litmus, Wt does not redden turmeric ; colours fir-wood deep 


yellow, but does not give the pnrple colour of pbenylamine with chloride of lime, but 
^♦nly a faint reddish tint with nitric acid ^nsylamine gives a deep-red, |dieny1a- 
inine a deep-blue, colour. 

Bromine acts on benzylamine violently: when the product is heated, shining needles 
sublime, insoluble in water, soluble in alcohol and ether, — probably tribronwimo^a^ 
ntine. It is decomposed by boiling with strong nitric acid^ with evolution of nitNNtS 
fumes; water added to the solution prei^itates yellow fiskes, which diaselvn ia 
alkalis, and are repredpitated by acids. With aqneona chromie acid, it g|vi<» a ted- 
Iwwn precipitate. When its vapour i® passed over fused poiasciumt vivid Cinibus- 


forma melobensylamine (metoloidiiM) (Me below.) With bromid$ or iodtdotf 
it yields benxylethylamine (see briow). 

Oomimations. 1. With Acros.— ’Beosylamiae combines with a ii ds, finming oys- 


ciystallini 


■aparetes as a^St precipitate, which soon aggrogitef to a 
hydrochkmto is mixed with trichloride of gol3^ if melts- in water st 


solves when frutberhsat^ anden^lUaeioacootliigin finsyrilownsedlsi^ 
/dafinate, 3{C»H•H.HCr).l*tCl^ aepnratMMan ot^^llowci^ 

• .Bwybmiliie fbriMS Uf bestfoa tmjrf diloFije wkb s tsi l il fle iMwyy«s *• 

vlt6tolal(UiM,tfa« compottMldncrlMiii tliteeKkle<ses v«aSI,sa4 fiaFrLSi»ST,p.«ff>. 
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h;pdrochlorat6 is mixed with bichloride of platinum : it is washed with etheor-alcohol 
and dried in a water-bath. The chloropaUadate is similal^ in appearance. The i^re- 
Morai^ is deposited in white crystalline scales, TMOomin^ yrilow on 

exTOsure to the air, when a solution of benzylamine in hydrochloric acid is en^porated 
and cooled: it is readily soluble in water or alcohol, sparingly in ether, forming acid 
solutions : when gently heated, it sublimes like sal-ammoniac. The nitrate^ jphotphaU^ 
and iulphUe are cryst^isable. The acid oxalate^ C*O^C^H“N.H + JAij, is obtained 
by mixing an alcoholic solution of ben^lamine with excess of oxalic acid, in delicate 
silky nee&es, soluble in boiling water or alcohol, insoluble in ether. The stuipAajfp, 
80^(0'H**N)*, is obtained when a few drops of sulphuric acid m added to an e^ereal 
solution of benzylamine, as a white crystalline precipitate, which may be washed with 
ether : it is readily soluble in water, sparingly in alcohol. With cupric sulphate or 
chloride^ benzylamine gives a greenish crystalline precipitate; with nitrate of sili/er^ 
a white precipitate, which soon blackens; it precipitates ferric hydrate ftoiu ferrio 
chloride. 

■ 2. With Cyanogen; Cyanohenzylaminc; Q/anotoluidine. C*IPN* C^H*N.CN. 
(Hofmann, loc, at Chem. Soc. Qu. J. i. 170.) — When cyanogen is passed through an 
alcoholic solution of benzylamine, the red-brown solution deposits, after somehonrs, a 
ciystalline mass, whence hydrochloric acid extracts cyanobenzylamine, which is pre- 
cipitated by potash firom the hydrochloric acid solution. It is homologous with 
cyanophenylamine, which it closely resembles, only being less soluble in alcohol er 
ether. 

Melohsnzyl amine, Meioluidine, C**H*^* *» CHI*N.C^H*CyN. (Wilson, 
dt) — When "the vapour of chloride of cyanogen is passed over ftised benzylamine^ 
heat is evolved, and a resinous mass obtained, consisting of hydrochlorate of metolui- 
dine ; this is dissolved in water acidulated with hydrochloric acid, fllterod, and mixed 
ydth potash ; and the white precipitate thus produced, is boiled with potash, washed, ami 
reciystallised from alcohol. Ciystalline lamins, sparingly soluble in cold, somewhat 
ihore in boiling water ; crystallises best from a mixture of water and alcohol ; readily 
soluble in hyjdroehloiic acid : tlie solution gives with dichloride of platinum, a dark- 
yellow preciptate of chloroplatinate^ which is insoluble in water or alcohol and may 
be dried at 100*^ C. It is homologous with melauiliuo (melophcnylamme)* 

Secondary and Tertiary Amines containing Benzyl, 
Benzylethylamine, Ethyltoluidine. — N.C’IH.C^HMT. (Morley and 

Ab el, Chem. I^c. Qu. J. vii. 68.) — ^Benzylamine is heated with iodide of ethyl in a sealed 
tube for two or three days in a water-bath; the product freed from excess of iodide by 
‘ heat ; the resulting oil, which is hydriodate of benzylothylamine, distjlled with strong 
potash, and the distillate rectified over solid potash. It is a colourless oil with a peculiar 
smell : specific gravity 0-9391 at 16°-6 C. ; boils at 217° The chloroplatinate is a pal^ 

C ” >w crystalline compound, soluble in water or alcohol, less so in ether : at 100° it 
mes dark, and is decomposed. The oxalate and sulphate are crystalline. 
Benzyldieihylamine, Diethyltoluidine, C**H*’N « N.C*H’.(C*H*)*. — Prepared 
in the same manner as the foregoing compound, benzylethylamine l^ing substitutra for 
benzylamine, A colourless, odorous oil : 8pm!ific gravity 0-9242 at 15*5 C., boils at 229°. 
The chloroplatinate is a resinous non-ciystalline mass. The hydriodate forms oily drops 
which crystallise when touched with a glass-rod ; is very soluble in water, decomposes 
when exposed to the air, or in contact with alcohoL 

Benzyltriethylium. C‘*H**N » N.C'H^(C*H*)•. — Known only in combination 
with aci&. When benzyldiethylamine is heat^^ with iodide of ethyl to 100° 0. in a 
sealed tube till crystals are formed and excess of iodide of ethyl is removed by dis- 
tillation, iodide of benzyltriethylium remains as a heavy oil. This is decompOMd 
by heati ng w ith oxide of silver, yielding a solution of hydrate of henzyltrietl^ium 
II.C^H’(CI'H*)*,H. 0, which is strongly alkaline, has a bitter taste, and predintstea 
most metallio^siSlts. The chloroplatinate is insoluble in cold, soluble in hot water, 
whence it crystallises in fine needles ; it loses platinum on recrystallisation. 

Nitroisnsylamine, Nitrotoluidine, C^H*N*0* N.C^H‘NO*H*. (Cahonrs. 
CSom^t. rend. xpc. 320.)— -Formed by the action of sulphide of ammonium on hydrMe 
of dimtrobenzetke; it OTstallk^ in yellow needles, mrms definite compounds with 
nitride hy^?oeh||iiff, sulphuric, and phosphoric acids : yields alkaLuniaes with the 
chlorides of hsi^ne and cumyL 

^ 2*|p<6lii>3r/awif ns. (Cannizzaro, Cimento, iii 397.)— 

WheJMiSM^ of ^n^l iz Bealzd^#^ olooftolic ammonia to 100° 0. in a sealed tu^ 
nfiimmip^neod into the cooled resulting precipitate exhausted with 

ether, soluUoa evliiefB^ th^ oompoaod is obtained in shiaiiig 

laminn^vrapih at 91*3° 0. Ih liquid, and at 330° volatilise wiw 
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partial deeoraposition. It is aparingly soluble in oold water or alcobol, more so in boil- 
ing alcohol, still more in ether, forming alkaline solutions. The hydrocUoraU emtal* 
Uses in needles ftom hot water. The ckloroplattnaie forma orange-needles. P. T. C. 


axnrnUBMrB. C'H*.--A hypothetical diatomic radicle, of which, acoordine to 
Wicke (Amu Ch. Pharm, cii. 356.) Cahours* chlorobenzol is the chloride. It has 
not been isolated ; neither has its hydrate (benzylenic or benzolic alcohol,) 
nor its oxide (benaylenic ether) C’H*0 been obtained ; the reason assigned by Wicke 
being that the former readily decomposes, yielding water and the latter compound, 
wJii^ in turn is readily converted into its isomer, hydride of bensoyi. Sover^ com- 
pound ethers have, however, been obtained, representing the alcohol in winch tho 
2 atoms of basic hydrogen are replaced by pcxsitivo or negative organic radicles (see 
Hknzvlbnio Ethkbs). Hydrobenzamide should probably be regarded os a 

tertiary diamine containing this radicle. N'^C’H")*. F. T. C. 

BBSrZTOUrs, CH&OBIBB or. CMurobtnjroL C'H*C1’. (Cahours (1848), 
Ann. Ch. Phys. [3] xxiii. 129. Wicke, Ann. Ch. Pharm. ciu 366.) — ^When hydride of 
benzoyl is brought into contact with a sl^ht excess of pentacliloride of phosphorus, a 
lively action takes place; and if, when this is over, a gentle heat be applied, oxychloride 
of phosphorus distils oyer at about 110® C., and chloride of bcnzyleno at about 206®, 
Tho latter is washed with water, diied over chloride of calcium, and rectified. It is a 
colourless liquid, smelling faintly in the cold, but strongly when heated ; insoluble in 
water, soluble in alcohol or ether : specific gravity 1*246 at 16® : vapour-density 
(expt) 6*695 ; boils at 206® — 208®. It is not oxidised by exposure to the air, or to 
oxygen. When heated in a water-bath with alcoholic pota^h^ more slowly with 
a^liu^us potash to 100®, in a sealed tube, it yields chloride of potassium and hydride 
rf !»enzoyl. Ammonia^ whether dry, aqueous, or alcoholic, does not act upon it in tlie 
cohl: when heated in a sealed tube to 100® with an ammonia-solution, it yields 
chloride of ammonium, and bitter-almond oiL It is not attacked by dry cyanide qf 
potassium at 100®. Heated with alcoholic eulphocyanate of ^otaesium to 100° in a 
scaled tube, it yields chloride of potassium, and an oil smelling like mustard.' 

Alcoholic nitrate of silver deprives it of all its chlorine, hydride of ^tusoyl Mug formed. 
Alcoholic hydrosiilphate of potassium converts it into sulphide of beiusylene; 

(Icrhardt (Traito, iii! 167) regards this compound as hydride of bensoyl in which 
oxygen is replaced by chlorine; Wicke, however, shows conclusively that it possesses 
none of the properties of an aldehyde. F. T. C. 


amrXT&BlTB, BWSXBII Ol*. Sulphobetizol, C'H^S. (Cahours, loo. oit.) 
— Formed by the action of alcoholic sulphydrate of potassium on chloride of benzylene, 
and rocrystalLised from boiling alcohol, in which it is readily soluble. White pearly 
scales, insoluble in water, which molt at 64® 0. and crystallise on cooling : when further 
heated, it is partly volatilised, and partly decomposed. It is oxidised oven by dilute 
nitric acid, with formation of sulphuric acid, and a substance soluble in alkalis, which 
crystallises in shining yellow sesues. F. T. 0. 


BBiniLTXilUMnB-BKlIsnri^MZlI’S. Benzosyl anilide. Stilhylandine, G'*H"NaB 
N.CW.C^*. (Laurent And Gerhardt, Compt. chim. 1860, 117.) — When perfectly 
dry hydride of benzoyl is mixed with about its own volume of perfectly dry phenyf- 
aniine, water separates out, and a crystalline mass forms after a time (sometimes not 
until water is aaded) : this is pressed between filter-paper, and recrysti^sed ftom hot 
alcohol, or purified by rectification. It forms beautiful shining laminae, without tisto 
or smell, insoluble in water, soluble in alcohol or ether. It is easily fusible, and boils 
St a ve^ high temperature without decomposition. B^mine acts with violence on its 
alcoholic aolutiour forming after a time ciystals of tribromophenylamine. With cold 
fuming nitric acid^ it forms a dark-green solution, whence water precipitates l^drida 
of benzoyl, nitrate of .phenylamine remaining in solution : sidphurio acid dsoompom 
it in a similar manner, forming a yellow solution. It becomes Imuid by oonla^ with 
acetic or hydrochloric acid : the latter dissolves it on boiling, witnout dsipomp^tioD. 
It is scarcely attkeked by boiling potash. F. T. C. 

UVXTUBiriO MTWOKMMm Salts or ethers of Beiu^lcn& (Wlck^ loc. cit,) 


a. Ethers containing a BoeUivs Sadicls, 
MsT H V LJuwz r L BWO Ethss. Methylate of Bmcyldik 
— A mixtme of 1 at chlmride of bmizylene with a adsthm of 3 at& ^ 
lute methylie alcohol, is heated for some hours, when idiloliils of sodiu^ 
abundance; the ^methylie alcohol is distilled mixed 

»hen the ether rises to the surlice, and is • pIpeUe, dried and 

It is a tran^fMurent, oolomlesa Uqaid, lieariU|iMj|^ wiih a rfeyq p t f 
that of geraniuma; ins^lde in 

at 208® C., leavi^ a tnown loridiiiSr ' 

VoL. L 
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ETHTLBBNzmiNiG Etheb. Ethylate of Bensylene. C*|H'*0* *» C^H*(C*H*)* 0* ^ 
Prepared precieely like the foregoing compound, ethylic being substituted for methylic 
alccmoL It boils at 222^ C. : in other respects it resembles the methyl-oompound. 

Aktlbehtztlbnio Ethbb. Amylate of Benzylem, C”H“0* C’H* 

Prepared like the preceding compounds : but the ether must be separated by fractional 
distillation, not by addition of water. It is a slightly yellowish oil, smelling like fusel- 
oil, and lighter than water : it boils, not without considerable decomposition, about 
292® 0. 

b. Ethers containing Acid BadicUs: 

The only one of these which has been obtained perfectly pure, and in the crystalliuo 
form, is 

AoBTOBBNZTXEmc Etusb. Acctatc of Benzylme, =* CW.(Cr*H*0)* 0* 

1 at. chloride of benzylene is triturat^ with rather more than 2 at. dry acetate of 
silver, and the mixture heated very gently in a flask ; the reaction is so violent that 
it is well not to nse more than 10 grm. silver-salt at a time. The product, when cool, 
is repeatedly extracted with ether ; the extracts are distilled in the water-bath ; and 
the yellowish oily residue is washed with weak soda-solution and with water, then 
redisBolved in ether, and left to evaporate. A viscid oil is thus obtiiined, in which 
czystals gradually form, until at last it solidifies completely. It forms small white shining 
crystals, belon^ng to the monoclinic system, insoluble in water, soluble in alcohol op 
ether, whence it separates on evaporation as an oil, which often does not crystallise till 
agitated. It melts at 36® C., and crystallises on cooling: begins to boil at 190®, the 
temperature gradually rising to 240® , and yields a distillate consisting of acetic an- 
hydride and hydride of benzoyl. Heated with aqneous potash or dilute sulphuric 
acid, to 100° in a sealed tube, it is converted into acetic acid and hydride of benzoyl: 
with aqueous ammonia under the same circumstances, it yields acetamide and hydro- 
benzamide. 

BemzobenzylenicEtkeb. Benzoate of Benzylene^ C**H**0^ « C^H*.(C'H*0)*..0*.— 
Chloride of benzylene acts violently on benzoate of silver, with evolution of heat : the 
ethereal extract of the product yields on evaporation a viscid, brown, non-crystal Esable 
mass. With alcoholic potash it forms immediately a solid moss of potassic benzoate, 
mixed with hydride of benzoyL 

SucoiNOBENznjjBao Ether. Succinate of Benzylene, C'*H*®0* « C^H®. C^H*0*,0’. 
— ^Prepared like the foregoing compounds : its ethereal solution is decomposed by 
evaporation or by washing witn dilute soda, into succinic acid and hydride of benzoyl. 

SX7LFH0BBNZTI.FNI0 Etheb. Sulphote of BcTizylene, C^H"SO*«C'H®SO* 0*. ^Pre- 

pared in the same manner. It is a red-brown, non-crystullisable oil. 

Vaiotobbotylenio Ethbb. Valerate of Benzylene, C>'IP*0*«C'II«.(C*H®0). ®0. 
— Obtained like the acetate. On evaporating its ethereal solution, it remains as a thick, 
yellow, non-crystullisable oil, which is decomposed by distillation into valerianic acid 
and hydride of benzoyL 

Chloride of benzylene acts so violently on oxalate of silver, that no definite prodnat 
can be obtained. F, t. C. 

BlSamUlTB'lXAJIKXini. BBBZTaU>ZBTBnB1ICZira. BBBBTB- 
TBZBTRmUM. (See Benzyulmins.) 

ABOOBOZto Hydrate of Benzyl. Benzoic Alcohol, Thluylia 
Alcohol, C^H*0 » C^HLH.O. (Cannizzaro ri8531, Aon. Ch. Pharm. Izxxviii. 129; xc.< 
252 ; xcii 113 ; xevi. 246 ; Scharling, ibid, xevu. 168.) — Formed : 1. By the action 
of alcoholic potash on hydride of benzoyl; 

2C»H®0 + KHO - CTHH) + C^H»KO®. 

W^en a mixture of pure hydride of benzoyl with its own volume of absolute alcohol is 
mixed wi^ 3 — 4 vols. alcoholic potash, of specific gravity 1*02, heat is evolved, and the 
whole solidifies to a crystalline magma. The potassic benzoate is dissolved out with 
hot water, the alcohol distilled ofi^ the residue mixed with water till it begins to be 
turbi^ and then shaken u]p with ethnr. The brown oily residue obtained by eva- 
POwring the ethereal solutioii, is dried over fhsed potash, and repeatedly rectified. — 
2. When acetate of benzyl, obtained Iqr boiling chloride of benzyl with alcoholic ace- 
tate of TOta^Tun, is boiled with strong alcoholic potash, and the alcohol disdUed oC 
aepOTatoa into two layers, the upper of which contains bem^ito 
alcohc^ rriiich is separated 1^ fiMCtional diatillstion.— 3. Scharling shown tnat 
the substance known aa peruvitt^ obtained by the action of potash on is. 

benirlic alcohol. 

1*051 at 14®*4<X, 1*063 at 0® (Koppy; v^mur-deneily (^pL) 3*S5; boOa at 



BBKZTLIC BTHER-BERBERINE. 

under pMsote of ISl’i mm. (Kopp). It is insoluble in wuter : solnble in all pro* 
Portions in alcohol^ ether, acetic acid, or bisulphide of carbou* 

When its vapour is passed through a red-hot tube filled witli spongv platinum^ Ben- 
sene with other compounds is formed. It is converted into hydride of bMUoyl by 
oxifffrn^ in presen^of nlatinum-black, or by nitric acid : aqueous cJkromic acid converts 
it into benaoic acid. With strong siilj^huric acid^ phosphoric anh^dri^^ or ckforide of 
zinc, it yields a brown resin, insoluble in water, alcohol, or ether (probably stilbene). 
Fused boric anhydride converts it at lOQO— 120®C. into bansylic ether, at a higher 
teinperaturo into stillwne (or benzylene ?) : with fluoride of boron, it yields the same 
product. Distilled with stoong alcoholic potash, it yields hydride of benzyl (y. o.) 

nmwnic STBBR. - (CTr)*0. (Cannizzaro, Ann. Ch. Pham, 

xcii. 116.)— Fused and pulverised boric anhydride is mixed into a paste with benzylio 
alcohol ; the mixture is heated for some hours to 120® — 126® C. ; and the resulting hard 
lirown mass is treated with water and a solution of alkaline carbonate, when a greenish- 
brown oil rises to the surface. When this is distilled, boiizylic alcohol passes over Mow 
.300^, and benzylic ether at 300® — 316® : the residue contains stilbene. Benzylic ether 
is a Mourlcss, slightly fluorescent oil, boiling at 300® — 316®, When heaM above its 
boiling-point, it becomes yellow and is decomposed, yielding resinous stilbene, hydrtdo 
of benswyl, and a light oil, which is probably hydride of benzyl, Witli phosphoric 
anhydride or sulphuric acid, it yields the same product as benzylic alcohol. 

FAhyUhcmylic Ethvr, »C’H^C*IP.O. (Cannizzaro, Cimento, iii. 397.) 

— Chloride of benzyl is distilled upwards with alcoholic potash, and the resulting liquid is 
d(‘canted from the.chloride of potassium, and mixed with water, when it separates into 
t wo layers : the upper of these is distilled) and the portion which comes over at 186® C. 
dried over chloride of calcium and rectified. Ooloiirloss, mobile liquid, with a pleasant 
smell ; lighter than, and insoluble in, water: boils at 186®. 

For the compound benzylic ethers containing acid radicles, see Aobtio and BaNZOio 
Arms. F, T, C, 

BBR AtorZTB. A hydrated sesquiphosphate of iron occurring at St Benigna in the 
circle of Beraun in Bohemia^ together with cacoxene and DufVenite. It forms ra- 
4liiited or laminar masses, with perfect cleavage in one direction; imperfect at right » ‘ 
angles to tho first. Specific gravity 2*878. ilardnoss 2*0 to 2*6. Bather brittle. 

SBUBBZJra. An organic base discovered in 1887, by Buchner 

(Ann. Ch. Pharm. xxiv. 228), in the root of tho barberry {Jterberis vtdyuris)% and 
since found in other species of Berberis growing in Mexico and in India. It has also 
b<>en obtained by Bdcfeker (Ann. Ch. Pharm. Ixvi, 384; Ixix. 40), from colombo- 
root {Cocculus jHilviatue ) ; by Perrins (Chem. Soc. J. xv. 339), fh>m the Colombo- 
rcKjt of Ceylon and several other sources {Mmispermum frnesiratum ) ; and by Sten- 
li oil s 0 ( Pharm. J. Trans, xiv. 466), from a yellow bark used as a dye by the natives of 
Al>cv*c<*uta in West Africa. (See Appendix v. 1088, and Hupi»i.KJitKNT, p. 889.) 

l^eparaiion, a. Barherry^root , — The root is exhausted with boiling water; 

the extract concentrated by evaporation, and treated with warm alcohol of 82 per 
cent. ; the solution filtered ; the greater part of tho alcohol distilled otf ; and the 
nwiduo left to itself in a cool place. Yellow crystals of berberine are then deposite<l, 
and may be purified by recrystallisation from boiling water or alcohol The root con- 
tains about 1*3 per cent of berberine. ( Buchner.) 

6. From Cohmho-rooU — The dried lucoholic extract of tho root is treated with hot 
water ; the filtered solution neutralised with hvdrochloric acid ; and the liquid again 
filtered, treated with excess of hydrochloric acid, and left at rest for some days. It 
then deposits a ciystaUine sediment of h^^drochloratc of berberine, whidi is dissolved 
in a small quantity of alcohol and reprecipitated by ether (Bddeker^. For fhrthcr 
purification, the hydrochlorate is converted into a sulphate ; this salt is rectystellised 
and dried at 100® 0. ; the aqueous solution decomposca by baryta-water; the excess of 
baryta removed by passing a stream of carbonic acid through tho liquid, then filtering 
evaporating nearly to diyness, and digesting the reeidne in alcohol. The alcoholic 
solution is then precipitated by ether, and the precipitated berberine recrystallised 
from water. The aame mode of purification may l>o adopted with berberine obtained 
from baibeRy-zoot. (Fleitmann, Ann. Ch, Pliarm. xxiv. 228.) 

Small silky needles or concentrically grouped prisms of a tight yellow 
colour. Odourieee, but has a strong and persistently bitter taste. Sparingly soluhU 
in water and alcohol when cold ; easily at the boiliDg beat ; inaolnhle in etbet; 
both fatty and volatile, disaolve it in small quantity. 

According to Flritmann theciystals heated to 100® C. gnre oif 19*26 per cent. (6 at.) 
water of ctirstallisadon, and the residue contains 66*7 to 67*4 carbon, and 6*6 to 6*7 
hydrogen, agreeing iiet^ly with the fonnula C**H**INO*.Jfl*0, or 
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BERENGELITE— BERGAMOT, OIL OP. 

The temaifuii|r Wa|6x be expelled wi^out further decoropositioii. Fleitmaiui 

Buppoeee thatl^ anhydibdiHi salts of berberine contain the group ()**H}^N(P asso- 
ciate4 vith ftclde;^ #.^*\the hydiochlorate «=• This formula is, 

howev|jE^ by no means probable. Gerhardt suggested C*'H>*NO*, but Perrins, by 
the ana^sis of several salts of berberine, has shown that the true formula of the base 

Berberinc^elts at 120® C. to a resinous mass, without loss of weight. Between 160® 
and 200® fClS^gives off yellow odorous Tapours, which condense into a solid body in- 
'%€^ble ^!^ter, but yery soluble fn alcohol, and leaves an abundant residue of cbarcoah 
Ammonia colours berberine yellow-brown, and dissolves it in nearly the same propor- 
• tions as water, Berberine boiled with caustic potash-Ioy melts, and is converted into 
a resinous substance, sparingly soluble in water, easily in. alcohol. According to 
Bodeker, berberine distilled with milk of lime or hydrate of lead, yields 
chinoline. 

The sdlta ofberherim are, for the most part, sparingly soluble in w^ater ; many of 
them may be prepared by tt^ating the hydrochlorate with a salt of potassium. Hydro* 
chlorate of berberinet C*®H”NO*.HCl + JH*0, crystallises in slender yellow needles. 
With sulphide of ammonium containing excess of sulphur, it forms a foetid brown-red 
precipitate containing sulphur. The chloroplatmate of berberine, 2(C*"H*^NO'.HCl).PtCl‘, 

18 a yellow precipitate nearly insoluble in water ; it gives by analysis 44-23 p. c. car- 
bon, 3-41 hydrogen, 2*80 nitrogen, and 18*21 platinum, the formula requiring 44*35 G., 
3*33 H., 2-69 N., and 18*21 Pt. The ehloroaurate, C'®H'’NO'.IICl.AuCl*, forms 
maroon-coloured needles soluble in alcohol. The hydrobromate, C‘'®®iI'’NOMlBp + 
8H®0, and the hydriodate, form yellow needles. The chlorate, 

i C3“H*’NO*.HC10*, is a bulky yellow precipitate obtained by mixing the hydrochlorato 
^;with chlorate of potassium. It is moderately soluble in pure water, sparingly 
Vr soluble in saline Squids. The acid chromate, 2(C'*'“H”NO^.CrO*).H’^0, is a bulky 
ySUbw precipitate, sparingly soluble in water, obtained by mixing the hydrochlorato 
vrith acid chroinate of potassium. It is very soluble in hydrochloric and sulphuric 
acids. Wheq strongly heated, it decomposes suddonly, yielding a large quantity of 
the yellow ,substance produced in the dry distillation of berberine. liitrate of berlterine 
forma yellow crysjals sparingly soluble in cold water. The acid sidyhate, 
C*®lI*’NO^.SQ*II*, Ss’ deposited after a while in small yellow crystals on adding 
, sulphuric add- to a dilute solution of the hydrochlorato. 

BSEOUBXrCiahlkZTB. Berengela resin , — ^A bituminous mineral found in the province 
of St. Juan de Bbrengela in Peru, .about one hundred miles from Arica, where it occurs 
in amorphous masses of considerable cxtpnt, forming a sort of pitch-lake, like that of 
Trinidad (p. 426V ^ conchouiul fracture, a dark brown colour, inclining to 

green, and waxy lustre; yields a yellow powder; has a resinous unpleasant odour and 
a rather bitter taste. Melts below 100° O., and after cooling remains soft and unctuous 
at ordinary temperatures. It dissolves readily in cold alcohol and in ether. It is use^l 
for caulking ships. According to Johnston's analysis (Phil. Mag. [3] xiv. 87), its 
formula 

BBBBSXTB is a fine-grained granite containing pyrites, occurring at Beresowsk in 
the Ural, in the rocks in which the gold veins are found. 

BBBOAMOTf OXB OF. A volatile oil obtained by pressing the rind of a variety " 
of orange, Citrus bergamia^ cultivated in the south of Europe. The oil thus obtained 
is light-yellow or sometimes greenish or brownish-yellow ; mobile, with a very agreeable 
odour and aromatic somewhat bitter taste. Specific gravity 0*869. 1^ genspEully 

exhibits an acid reaction, arising £rom the presence of a small quantity of 
It solidifies a little below 0° C., and at ordinary temperatures deposits, afler ft 
a solid camphor or stearoptene. 

Ber^amot-oil is a mixture of two essential oils, the more volatile of which is isomorie 
with oil of turroutine and oil of lemon, but it is difficult to i^paxvte this oil 

by simple distillation. 

The less volatile portion which, when rectified, boils at 183® CL and has a density 
of 0*856, contains oxygen, and according to Ohme (Ann. Clr. Pharm. xxxi. 316), 
.has the composition of a hydrate of ou of lemon, 3C^H*f . 2HK>. According to 

Souheiran and Capitaine (J. Pharm. xxvi. 68, 509), this portion of the oil is not 
^ eonstont composition, but yields by firactional ^tillation, oils oontinnalfy incress- 
in amount of oxygen, from 3*37 to 16*14 per cent (perhaps the oil was oxkliaed 
the distillation). They find also that the first portions turn the j^ane of 
polarisation of a luminous ‘ray to the right, but that the subsequent portions exhibit 
less and less of this power, and finally none. 

Ohme^a rectified bergamot-oil is not altered by caustic potash. Its vapour passed 
OT«r red-hot Jdme jiel^ a huge quantity of benzenq. It absorbs hydrochloric acid 
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M almiidAntlT, Ibrmiiig ft liquid oompoimd, vhioh, afto^ being j^ftlsm iXiA dietOied 
Sith water, hiui the speciAc grayity 0*896 ; boils at 18S<> Gk^luia^oofttfihft C**H*^^*0, 

or 6C**H‘*.2HCLH»0. ’ . > 

Bergamot-oil placed in contact with phosphorlo anhydride becfimea hea||||£ «»d 
aftera'ards yields by distillation an oil smelling like oil of turpentin^ an#ji«viBg 
exactly the composition The residue of the distillation contidns a oo^jimtea 

acid, pkosphoberffamic acid, which forms soluble salts with calcium ax^d Ispd. 

Bbhoakot-Camphob, Ser^aptene, Stearoptene ber^amot-aUt ia 4 |^d «ab- 
stanco deposited by crude oil of bergamot after lotig keeping. It (nyi||uissft'''ixr- 
needlos, melts at 2()6^ C., and Tolatilises without decomposition. It is odowt w and 
diasolves in boiling water, alcohol, and ether. Strong sulphuric a^d colours it red. 
Heated with nitric acid, it yields oxalic acid. It gives by analysis about 66*2 per cent, 
carbon and 3‘8 hydrogen, numbers answering to the formula C*H*0*, but the na- 
tional formula is not yet deterniiued. (Mulder, Ann. Cli. Pharm. xxxi. 70; Ohme^ 
ltK\ cit.) 

BBRTSXaitZar. The name given by Bcudant to a ferruginous mineral occurring 
in small grains, resembling iron-spur or brown iron ore; but whether it is a definite 
HiH'cics or a mixture is not dechUnlly known. According to Berthicr, it contains 12*4 
wr cent, silica, 74*7 protoxide of iron, 7’8 alumina, and 5*1 water. The same name 
IS also applied to a mineral from Haj^anges near Metz, of (^yish-groon or liver-brown 
colour, which, under the microscope, appears like an omitm rock, consisting of ft 
gro 4 ‘iiish amorphous mass, containing innumerable small fiattened needles of brown 


?M or BA.Xl>nra>BBZTB« These names are applied som^^^ 
wluit indiscriminately to three minerals, containing protosulphide of Iron, 
witli triEulphide of antimony. — <7. 3Fe'^S.2Sb*S*. Found at OhftBcUes in Auve _ 
rryhtalline or massive, with imperfect cleavage in several du^octlons.' Sperifift gfUT 
4 '284 : hardness 2*0 to 3*0. Iron-black or dark steel-grey. Op^Vtft with jnela] 
luKitre. Fuses readily before the blowpipe on charcoal, yielding antunOtnial . fame w. 
and deposit, and leaving a black magnetic slag (Bc^thier, Ann. Oh. [2^ 

3ol).— 6. 8Fo"S.4Sb*S*. Found in a mine near Chaeelles. Fjpi>rouB| iTpb gmiwlar 
tmns verse fracture, almost destitute of lustre (Berth i or, Pogg. 468).— 

c. Fo"S.Sb*S*. Found at Anglar in the Bdpartemont do la Crouse. ’Oonfolline, com- 
pised of fine parallel fibres. Stoel-grey, inclining to broiizo (Bort%;ibr). 'Wnofflft 
nuving this composition are also found in other localities. * 

BBBTHOBUITlJk aOLCBUA. A Brazilian tree belonging ta the order Lecy* 
thidacea. The kernels of the fruit, called Brazilian or Pava nuts, ftontaln sugary gum, 
and a pale yellow odourless fat oil, which solidifies at 0® C., and contains stearin, 
palmitin, and elain. (Caldwell, Ann. Ch. Pharm. xcriii, 120.) 

BBBXB. 3G1"0 . APO» . 6SiO* — GPAPSW**.— -A mineral species ^mprising 
several varieties, amongwhich are found two ig^ptoeautiful and costly gems, vis, 

.uufl aquamarine or precious beryl. The crystals belong to.,the hoxagoM system, being 
n^gular six-sided pnsibs variouriy modified, sometimes by the truncation of the Ifttend. 
edg^ at other times of the terminal edges. The most ordinaipr combinations are 
obp . oP and ooP . oP . P. (Jiff. 98); sometimes, however, much more oomplicftted 
modifications occur, like Jiff, 99, composed of the hexagonal prism oo P. the tenmiud 


Fiff. 98. 


Fiff.99. 











fsce oP, the primair hexagonal nyraimd P. ft sharper h«E«goftal mmmfd of tiie first 
order 2P, ft pyramid of the second order 2F 2, and a symmetrical 12-«ided pyramid 
^ ^ ftdioie faeee (deneded in the figure by a) replace the eomhinatipq e dg e s Wwesit 
3^2, and seP. The nsisiiiatie faces are often deepty striated in tlui TSdrtiaal dine* 
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BERYLLIUM— BETA. 

tion* Cleavi^ tolerably peanut, parallel to oP. Practtire conehoidal and nneren, 
Specific gravity 2*67 to 2*76. Hardness 7*6 to 8*0. The most nsnal colour of the 
beryl is green, df varions shades between yellow- and blue-green, arising from the 
presence of iron in varions stages of oxidation ; yellow, blue, rose-coloured, and co- 
lourless beryls are also found. The brilliant green of the emerald is due to the 
presence of oxide of chromium. Lustre vitreous. The best specimens of emerald 
and aquamarine are perfectly transparent; but the transparency is generally greatly 
diminished by cracks and striae, the coarser varieties being opaque in the mass and 
translucent only at the edges. Beiyl is difficult to fuse by itself before the blowpipe, 
melting to a glass at the edges only ; with borax it fuses readily to a transparent 
glass ; with phosphorus-salt, it leaves a skeleton of silica. 

Beryl from Limoges was found by C. Gmelin to contain 67*54 SiO*, 17*63 Al*0*,and 
13*61 GrO (= 98*68) ; a specimen from Fahlun, analysed by Berzelius, gave 68*35 
SiO*, 17*60 A1*0*, 13*13 Gl 'C, 0*72 hVO* and 072 TaO*. These and numeroiu 
other analyses agree nearly with the formula above given (calc. 67*46 SiO*, 18 74 
Al'O", 33-80GrO), which, by substituting — |A1, may be reduced to that of a 
metasilicate ('GrW")Si*0*. 

Beryls are found in various parts of the world; the finest emeralds come from 
Pen^ where they are found traversing clay-slate, hornblende slate, and granite ; fine 
specimens are also obtained Katharinenburg in Siberia ; inferior varieties from 
the, Heubach valley in the district of Pinzgau in Salzburg; varieties are also found 
in some old mines in Mount Zabarah in Upper Ife^t, from which spot the ancients 
are supposed to have derived their emeralds. Fine transparent beryls or aqiia- 
mariiies afe found in Brazil, in the granite district of Nertschinsk in Siberia, in the 
Ural and Altai mountains, and in the granite of the Morne mountains in the county of 
pown, Ireland. Opaque beiyls, sometimes of very largo size, are foundatLangcnbiku 
in Silesia ; at Bodenmais in Bavaria, near Limoges in France ; at Kinloch, liunnoch, 
and Caimgorni, Aberdeenshire ; and in the counties of Dublin and Wicklow, Between 
the Connecticut and Marimac rivers, near Crofton in North America, enormous 
specimens have been found, measuring from 4 to 6 feet in length, and weighing botweeji 
2000 and 3000 pounds. 

BBAYKiUinHC. Syn, with GntrcrNtM. 

, /iBSMnkAarZTa. Selcoide of Copper. 

BZnBUnUClTS. Bereelite^ KuhnitCf C?iaux. arseniati anhydre, Magnewm 
fuacdite, A8^(Mg*Ca*)0**. — A massive mineral occurring near Langbanshyttsi in 
Sweden, It has an uneven fracture, and exhibits traces of cleavability in one direc- 
tion. Yellowish-white to honey-yellow, with waxy lustre ; translucent on the edges. 
Perfectly soluble in nitric acid. Before the blowpipe, it exhibits the usual reactions 
of arsenic, and with soda shows evidence of a trace of manganese. (Kuhn. Ann , Ch. 
Pharm. xxxiv. 271.) 

BBBfcB BX B . A mineral found in the older volcanic ejections near Lake Albano 
in Italy, together with hauyne, augite, and mica. It crystallises in octahedrons or 
dodecahedrons, belonging to the regular system, sometimes forming twin-ciystals ; 
cleavago tolerably distinct, parallel to the faces of a cube. The crystals ere often 
^cven find rounded. It occurs also in spherical and stalactitic forma, massive and 
imbedded. Fracture varying from conehoidal to uneven ; colour white or grey ; lustre 
vitreous to dull; varies from transparent to perfectly opaque; streak white; hard- 
ness 6*0 ; specific gravity 2*428 to 2*727, According to an imperfect analysis by 
L. C^elin, its composition is similar to that of leucite. When purrerised and ignit^ 
it yields a small quantity of water. Melts with difficulty before the blowpipe to a 
tumefied glass ; with borax readily to a clear glass. Dissolves riowly in mfrm acid, 
yielding a jelly of silica when heated. Similar crystals have been found in nephelin- 
dolerite from Meichca in Oberhessen. (Handw. d. Chem. ii. [1] 1028.) 

The same name has been applied to native selenide of copper. 

BBBiSlBXiXTB* This name has been given to Mendipite, Petalite. Thorites and 
Berzeliite. ^ 

^ BBVA* Brcf.— — A genus of plants, belonging to the natural order Chen<ip od i ae***% 
distinguished by the large quantity of sugar contained in their roota The three 
principal species are: — 1. Beta vttlyartSf common beet, well known for its sweet crimson 
roots, which are used as a salad. — 2. Beta cyda^ eha^ beet, inferior in the rii i e and 
flavour of ita roots, but distinguished by its remarkably thick-ribbed leaves, which are 
uaetd in France in soups ; or the ribs only are cut out and stewed sea-kafiL — 
3 . Beta aZtsMitno, field-beet or mangold-wurzel, sometimes, though enoneoualj, regarded 
as a hyl^d l^'tween the two former. This ia W iar the moat inmortant apeeieB, as it 
is exteneivelv eumvated for feeding cattle, and in Ftanee and Chsnnaiqr elf ft te the 
extraction of sugar. 



<&£Z£TTA. ' ^ 

The root of maagild-wiipeel oostaine oystalliBable sugar, identical in arreiy raape et 
with cane-sugar. Pajen gtyea for the aTerage composiuou of the root, 83*5 per cent; 
water, 10*5 sugar, 0*8 cellular aubstance and p^toee, 1*6 mtrogenoua matter (albumin, 
6&C.), and 3*7 pectin and salts. The salts consist of nitrates andammonium-salti^ toge* 
ther with alkaline and earthy phosphates, sulphates, chloiides, oxalates and malates, or, 
according to some chemists, citrates. The root has also been stated to contain two or 
three peculiar acids, which have not been thoroughly examined. The dried leayea 
contain, according to Spren^l, 16*44 per cent. ash. The seed contains ll*8p«r cent 
water, and in 100 pts. of diy substance, 0*09 sulphur and 6*68 ash. (Way and 
Ogpto n.) 

The followingitable exhibits the composition of the ash of the seed, leaves, andzooU; — 
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Ash of teed. 

Ash of lesvei. 

Aih of roots. 




Way. 

Og»ton. 

Sprragel. 

Bttl. 

I’otaah (anhydrous) 



161 

36*3 

23*9 

19-6-— 26*6 

boda „ • 



6*8 

21*3 

63*1 

22*4-^06 

Lime .... 



13-4 

14*9 

4*8 

3*2— 4*6 

Magnesia . 



16*2 

6*4 

2*2 


Alumina and ferric oxide 



0*4 

1*1 



Manganic oxide . 



1*8 

0*4 

> 2*3 

0*1— 0*1 

.Silica .... 



— 

2*7 

1*8 

14-1— 19*8 

Sulphuric acid (anhydrous) 



36 

03 

2*1 

2*8— 2*6 

J’liosphoric „ „ 



13*1 

4*6 

2*8 

^•4— 8*4 

Cliloriiie 



— 

6*9 

6-3 

1*4— 1*9 

Carbonic acid (anhydrous) 



13*8 




Chloride of sodium 



16*3 
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BBTVXtJr. C**H*K)^ — A resinous substance extracted f^m the outer bark of 
iho bifvh-troe (BHula alba\ or from the tar prepared therefrom. It was discovered 
by Lowitz (CrclL Chem. Ann, 1788, i. 302), and analysed by Hess ( J. pr. Chsm, xvi. 
lill). It belongs to the series of resins, including ^Ivic acid, which are produoed'Jpy 
oxidation from hydrocarbons of the form C**H**. To extract it, the dried liark is ex* 
hauste<l with boiling water, then dried again treated with boiling alcohol. The 
solution on cooling deposits the betulin, which is pressed, dried, and recrystallised 
from ether. It forms small ciystalline nodules, which melt at about 200® 0. The 
Tnelted matter is colourless and transp^nt, and gives off vapours which smell like the 
bark when heated. It may be distillca in a current of air. It is not dissolved by alkalis, 

BBTlTXiOJtxmo &CZ1S. According to Kossmann (J. Pharm. [31 xxiv. 197) 
birch-resin consists of an acid, C"H**0* which is converted by nitric acid into picric 
acid, but is not decomposed by sulphuric acid. 

BBlTDBJrTXW. See Nbphklin. 

BBVBBJrTXTB. A femirinous mineral occurring at Horhausen and Montabaur 
in Nassau, and near Cork in Ireland. It c^stalliscs in rhombohedronii^oleaviil^e 
parallel to the base, and having the rhombohedral faces horizontally striated. Colour 
black to olive-green. Streak light ^;reen. The fresh crystals have a waxy lutie. 
Hardness above 4*0, The Nassau nuneral has a specific ^vity of 4*0018, and msits 
readily before the blowpipe (Sandberger). The Irish variety has a specific gravity of 
4*296, and is infusible (Bamme Isbe rg). It contains sulphate of lead, associated with 
ferric sulphate, arsenate, and phorohat^ the two latter repladng eai^ other isomor- 
phously ; it also contains water (Pavy, Phil. Mag. [3] xxxvii. 161). Accord|ii^ to 
Kammelsberg, it is 2(Pb"O.SC)*) -t- Pe*0*.80* + 8F*0».P*0* ■» 9H*0 ; accordiM to 
Sandberger, Pb''O.SO» + SPb^OCAsH)* ; PKP) + 3[3Fe^0*(As*0* ; P»0»)] + 24H*0. 
(llandw. <L Chem. ii. 1029.) 

BBUBTTA. Tbumesof m drapeaiue, Schminkldjp^hen. Betfttia rubra at 
^ruU4i. — A dye or pu^ent prepared by dij^ing linen rags in solntiona ot oartafn oo- 
loiiring mattem SMfbeeetta is ooloaiM* with cochineal, and is ns^ as a cosmefia 

Btw hezetta (TbariMssof m drtmwua), which is chiefly used for oolouring the rind 
of Duteh cheeses, is prepared at Gallaigues near Nfmea in Um dspartmeot of Gar^ 

» enphorbiaceous plant Chrozophara tmetoria or Orcion tinctoria. The fruits 
I u ^ of the plants are gathei^ and the juice betiu eipreased, ragi of coane 
cloth are dipped into it, then dried, and afterwards exposed to tbs fhmei of amW or 
dung. This lest operation is called aluminadou^ The doths aiw tnfsed fhm 
Ume to fame^ to ensure nmibrui eolorBtioa and prevent any part fh»n being eiposad 
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BEZOJLS^ILE. 

too long to the fhmes of the* dvn^, which would turn ^em yeUow. ney are then 
dried a second time, again soahed in the juice, mixed this time with urine, and last) j 
exposed for some time to the action of the son and wind. The quantity thus manti^ 
tnred amounts to about 60 tons yearly. The blue of bezetta is red^ned by adds, like 
litmus, though not so quickly, but differs from the latter in not being restored by al- 
kalis. According to Joly, the same dye may be obtained from other euphorbiaceoas 
plants, Chroffopwra oUongatat C, plicata, Croton tricmjpidatum^ MercurialiB perenni^ 
and Mi tormmioBa, The juice exists in all these plants in the colourless state, and 
turns blue only on exposure to the air. (Handw. d. Chem. ii. [1] 1030 ; Gerh. 
Trait6, iii. 820.) 

BBEOAR. This name, which is derived from a Persian word implying an anti- 
dote to poison, was ^iven to a concretion found in the stomach or intesnnes of an 
animal of the goat kind, Capra agragus^ which was once veiy highly valued for this 
imagimuy quality, and has thence been extended to all concretions found in animals. 

According to Taylor (Phil. Mag. No. 186 p. 36 and No. 186 p. 192), bezoars may 
be divided into nine varieties : — 1. Phosphate of calcium, which forms concretions in 
the intestines of many mammalia. — 2. Phosphate of magnesium : semitransparent and 
yellowish, and of specific gravity 2T60. — 3. Phosphate of ammonium and magnesium : 
a concretiou of a grey or brown colour, composed of radiations from a centre. — 
4, Oxalate of calcium. — 6. Vegetable fibres. ~ 6. Animal hair, — 7. Ambergris. — 
8. Lithofellic acid. — 9. Ellagic or bezoardic acid. 

Of true bezoars there are three kinds, oriental y occidental, and German, The 
triief oriental bezoars found in the Capra ^BgraguB, the gazelle {Antilope Dorcas), 
l^d other ruminant animals, are spherical or oval masses, vaiying from the size of a 
pea to that of the fist, and composed of concentric layers of resinous matter with a 
nUf^eus of some foreign substance, such as pieces of bark or other hard vegetable 
matter which the animal has swallowed. They have a shining resinous fracture, are 
destitute of t^te and odour, nearly insoluble in water and aqueous hydrochloric acid, 
but soluble Iot tbo greater part in potash -ley. When heated, they emit an ogreeablo 
odour and burn away, leaving but a small quantity of ash. These characters suflfico fo 
' distinguish the oriental bezoars from tliose varieties which contain a considerable 
q^uantity of inoiganic matter. There are two kinds of them, the one consisting of ellagic, 
Ae other of lithofellic acid. The latter have a more waxy lustre and greener colour 
than the former, and are also distinguished by their smaller specific gravity, viz. IT, 
while that of the ellagic acid stones is 1*6. They contain, besides lithofellic acid, a 
substance resembling the colouring matter of bile, and are perhaps biliaiy calculi. 
Oriental bezoars are greatly prized in Persia and other countries of the East for their 
supposed medicinal properties. The Shah of Persia sent one in 1808 as a present to 
Napoleon. 

The occidental bezoars are found in the iBmo. {Attehenia Lama), and in A. Vicunna: 
they resemble the oriental in external appearance, but differ totally in their chemical 
characters, inasmuch as they consist chiefiy of phosphate of calcium, with tmt little 
organic matter. 

German bezoars, which are chiefiy obtained from the chamois or gemsbock {JntHcpe 
rupicapra), consist chiefly of interlaced vegetable fibres or animal hairs bound together 
by a leathery coating. 

BBZOABBXG ACZBi Syn. of Ellagic Acid. ^ 

BBZOABBXCnniI ASrXBKAXiB. An antiquated medicament madefrom the dried 
hearts and livers of vipers, and supposed to be an antidote against poison : hence its 
name. 

JMZOAlWXCnnB ASnrBBjIkBB. A name applied by the older chemists to 
antimonic acid, especially to that prepared from butter of antimony by the action ol 
nitric acid. 

BX-COACBOinnOB. See Dx-CoKroo3a>s and Nombnclatvbb. 

BXXiBZTSXB. Syn. with Aoauiatolxtb. 

BX&B* Gall, Galle, (Lehmann, ** Physiological Chemistry,*' Cavendish Society's 
Edition, ii* 61 ; also Qmelin’s Handbuch, viii. 38. Strecker, Ann . Ch. Phann* 
Ixv. 1 ; IxviL I ; buc. 149. Gundelach and Strecker, ibid. Ixii. 206). — Bile, as 
secret!^ by the cells of the liver, is taken up by the hiliair ducts, which unite to torxn the 
hepatic duct, by which the secretion is eitner discharged directly into the duodenum, or 
is conveyed through the cystic duct into the gall-bladder, wherein it becomes accumu- 
lated and to some extent inspissated. Cystic bile when taken from a healthy animal 
recently kiUed, is a mucous, transparent, ropy liquid, of green or brown colonr. 
It has a bitter bat not astringent taste, sometimes leaving a sweetish after-tsate, and a 
pocnliar odoor, which, when the bile is warmed, is often vesy murii like that of nnudu 



If« spedfle is about 1'02. It does not di0bse itself readily throisgh water, 

unless the mixture be stured. Its reaction ^ for the most part, faintly alkaline, some* 
times neutral, nerer acid, exceptixig in peculiar states of disease. Bile in its oi^naiy 
state, before the mucus is remove^ putrefies vc^ readily ; but when feeed from muotts, 
it is much less prone to putre&ctiye decomposition. 

The chemioif composition of bile varies to a certain extent according to the nature 
of the animal which yields it ; but eveiy kind of bile contains two essential constituents, 
viz. a resinous and a colouring matter, associated with small quantities of cholesterin, 
fats, salts of fatty acids, and certain mineral salts, chiefly chloride of sodium and 
}>hosphate8, with smaller quantities of phosphate and carbonate of sodium, phosphate 
of calcium, phosphate .of magnesium, and extremely minute quantities of iron and 
manganese, but no alkaline sulphates. No salts of ammonia are found in fresh healthy 
bile, but during the putrefaction of bile, ammonia is produced. Bile also contains 
mucus mixed with cells of epithelium. 

The remnous matter of We is the most abundant and important of its consti* 
tuents. It consists, in nearly all cases, of the sodium or potassium salts of two nitro- 
gonised acids, one containing sulphur, the other free from that element. The ^rmer 
of these acids, called tauro cholic acid, is resolved by the action of alkalis into 
taurine and cholic acid^ a ciystallino acid containing neither nitrogen nor sulphur, and 
(‘han^iig, under certain circumstances, into an amorphous isomeric acid culled oho* 
loidic acid, difiering from it only by the elements of water : 

C“H“NSO» H*0 - C“H«0» + C’H'NSO*; 

Taurocholic Cholic TaurluS. V 

acid. acid. ' 

and the latter, called glycocholic acid, is resolved in like manner into ehoHe M&t 

find qlycocine: 

C**H«NO* + IPO - 

Gijrcocholle Cholic Glycoclue. 

acid. acid. 

AH kinds of bile, excepting that of the pig, contain one or both of these acids. 
bile contains an acid called glyco-hyocholic acid, analogous to glycocholic acid, 
and, like tliat compounc^ resolvable by the action of alkalis into glycocine andhyocholio 
aeid, an acid not containing nitrogen : 

C»aP»NO* + H*0 - + C«H»NO*. 

Glycohyn. Hyocholle Glycocine. 

cholic acid. acid. 

The cohmring matter of hile^ hile^pigment, or cholochrOTne-j is also a nitrt^enised 
n<‘id, and is decomposed by nitrous acid, with evolution of nitrogen and formation of a 
ci^’stalliscd acid, cholochromio acid, which is free from nitrogen. (Thudichnm, 
i’hem. Soc. Qii. J. xiv. 114.) 

The. bile of carnivorous and omnivorous animals, including man, contains a brown 
pigment, the ckolepi/rrhin of Berzelius : that of birds, fishes, and amphibia has usually 
Jin intense green pij^ent, hiliv&rdin. The brown pi^nnent is always combined either 
with soda or with lime ; in the latter case, it is insoluble, and appears in the form of 
brown granules when the bile is examined by the microscope. 

The anidysis of bile is conducted as follows : 

The bile is first mixed' with half its volume or more of 83 per cent alcohol, vdilch 
throws down mucus and epithelium; the precipitate is rinsed with spirity then 
with water, afterwards dried and weighed. 

The bile thus freed from mucus, is evaporated to dryness, first over tho water^bath 
and then under the air-pump on a sand-bath heated to lOO^C. ; the residue is left to 
cool in vacuo, after which, air dried by passing over chloride of calcium is introduced 
into the receiver, and the weighing is completed as quickly as possible, because 'the 
dried bile is extremely hygroscopic. 

The residue is next digested for a considerable time with ether, which takes up fat 
and cholesterin. The total quantity of these matters may then be determined by 
evaporating the ethereal extract; but the different substances contained in it cannot be 
separately estimated, unless veiT large quantities of bile are operated npou ; in ^at 
ease, the frittj acids (stearic and margaric or palmitic acids) may be separated from 
th^holesterm pre^pitation as leafsalts. 

. ^e restdoe insolnble in ether, which contains the essential constitnents of the bilsi 
IS next to be treated with cold aj^uU alcohol, which dissolves the salts of the bilisiy 
acids, together with part of the bile-pigmcDt; the greater port of the alcohol is then re- 
rn^ed ly evsporitioii ; ether sdded to the eoneentzated solution ss long as any tnr- 
bic^y is nodnoed; had ^ liquid left to stand for some time In a cool ^ee. 

The s Ik a Kne tanroeholate and glycocholate ere thereby preeipitsted, sad 
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their quantity may he estimated by WMhtog the precipitate ether, and 
it after diying over the water-bath. It always, however^ oontams a certain norSm 
bile-pigment, which cannot be completely separated unlw it oonsiBts <rf «£! aSI 
pyrrhin, in which case it may be separated by chloride of caldunu The onan^ 
soda or potash associated with the biliary acids and the bile-pigment 
determined by decomposing a weighed portion of the ether-precipitate with salpbj 

The tanrocholic and glycocholic acids cannot be completely separated one from tl 
other. An approximate separation may be effected by dissolving the precipitate i 
alcohol, and treating it with neutral acetate of lead, which precipitatee only the 
cholic acid ; hut the beet way of eBtimatmg the relative quantities of the two aci%’ i 
to deterjmne the amount of stcipMr in the ether-preeipitate, by fusing it with nitre oi 
by one of the other methods given under Anas^tsts (Omoanic), p, 226, Every 6ptg. oi 
sulphur correspond to 100 pts. of taurocholate of sodium. 

The residue of the bile, insoluble in absolute alcohol, must nowbe determined with the 
view of checking the analysis. It contains pigment, partly free and partly combined 
with lime; also alkaline and earthy phosphates, with chloride and carbonate of 
so^um, very rarely sulphate of potassium, but often a little taurine ; its amount ia 
generally too small to allow of the quantitative separation of these su^tances, unless 
very large quantities of bile are operated upon. Altogether the detcmiinations which 
have been made of the amount of pigment, cholesterin, fats, fatty acids, and mineral 
constituents of bile, cannot be regarded as more than approximations to the truth. 

Feitmlcofa^a Test for Bile. — When bile is mixed with a strong syrup of sugar, and 
then with strong sulphuric acid, so that it becomes heated, it assumes a deep violet-red 
or purple tint, which disappears on addition of water. This reaction is produced by 
cholic, choloidic, glycocholic, and taurocholic acids (or the corresponding acids in pig's 
bile), but not by any other substance ; it is, therefore, perfectly characteristic of bde, 
and affords a veiy delicate indication of its presence. The best mode of applying it 
for the detection of small quantifies .of bile in blood or other animal fluids, is as 
follows : — Tiic alcoholic extract of the liquid to be tested for biliaiy matter, is dissolved 
in a little water, and mixed with a single drop of a solution of sugar (1 pt. of sugar, to 
4 pts. of water), and pure strong sulphuric acid is then added by small quantities, till 
tlie turbidity at first produced, disappears, coohng after each addition ; it then for a 
few moments exhibits a yellowish colour, which, however, soon changes to a pale cherry- 
red, then to deep carmine, then to purple, and finally to an intense violet tint. For 
the success of the experiment, care must be taken not to add too much sugar; other- 
wise a bluck mass will bo formed, which will completely mask the reaction. The 
temperature of the mixture must be allowed to rise to about 60® 0. but not higher. 
The reaction takes place with any kind of sugar, and likewise with acetic acid. 

Composition of the Bile of various aniTnals. — Human bile consists mainly of tauit)- 
chlorate of sodium, with very little glycocholate (Gorup-Besanez). Ojr-6t7s, on 
the eontraiy, contains chiefly glycocholate (Strecker), Fig^hile, as already ob- 
served, consists mainly of the sodium-salt of an acid analogous to glycocholic acid ; viz. 
glycohyoeholic acid (Gundolach and Strecker), together with a small quantitpr 
of a sidphuretted acid, yielding taurine by decomposition : tauro^hyocokolto acid ; it 
likewise contains a vciy strong base containing suljmur. 

The bile of most other animals consists mainly of taurocholate of sodium or potas- 
sium. That of the dog contains only taurocholate of sodium ; that of the sheep, and 
that of the kangaroo contain taurocholate, with very little glycocholate. In the bile 
of several kinds of fish, viz. turbot, cod, pike, and perch, Strecker found taurocholate, 
with mere traces of glycocholate; a similar result was obtained by Schlossberger 
(Ann. Oh. Pharm. cviii. 166) with the bile of the shadfish. According to (Bensch 
(Ann. Ch. Pharm. Ixv.) and Strecker, the bile of sea-fish contains potassium-salts, 
that of fresh-water fish cliiefly sodium-^^ The bile of the Boa Anewonda (Schlie - 
per, Ann. Ch. Pharm. lx, 109) and that of the Fgthem tigris (Binder, ibid. cii. 91) 
consist mainly of taurocholate. Goose-bile appears likewise to consist essentially of 
taurocholate of sodium, though Marrson (A»h. Phamu [2] Iviii 138), and more 
recently Hein tz and WisHscenus (Pogg. Ann. cviii. 647) state that the sulphuretted 
acid of goose-bile differs in compositi on ^ m taurochoUc acid; Heintz and Wis* 
liscenua assign to it the composition but Uie analyses are not quits 

satisfactoiy. 

Taurocholate of sodium contains about 6 per cent, of sulphur : now in the dried 
bile df the dog, Bensch found 6*2 per cent, sulphur ; in that of the Ibx, 6*96 per cent ; 
of the wolf 6*03 ,* of the bear 6*76 ; of the pig 0*32 ; of the calf 6*62 ; of the Slieep6*46 ; Of 
the goat 6*90 ; of the domestic fowl 6*67 ; and of several fishes 6*46 per eent. 

In normal himian bile, Freridis fbund 14 per cent, or rathor mors of solid 
iuents; Gorup-Besanez, in the bile of tw’o recently executed criminals, fimnd 10*19 
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and 17*73 ptf ceoi solid xaatter; in that of an old man, 9*13 ptt cant: and in that of 
a boy of twelvo yearn old, 17*19 per cent, solid matter. Ox-bile containa 10*13 per 
cent solid constitaents ; pi^^sbile 10*6 to 11*08 percent. (GUndelach andStreoker); 
doifs bile 5*1 per cent ; cat's bile 5'6 per cent ^Bidder and Sohmidtl; sheep's bUe 
5^; rabbit’s bue 1*8 ; goose bile 6*9 ; kangaroo’s bile 14*13 ; and crow's bile 7*3 ; per oent. 
Bolid constituents, ^e concentration of the bile appears to increase with the time it 
remains in the gall-bladder. 

The proportion of ash in the dried residue amounts in normal human bile to 6*14 
Yvr cent. Gorup-Besanez), in ox-bileto 12*7 (Berzelius); in calf’s bile to 13*15 
(Hensch) ; in sheep’s bile to 11*86 ; in goat’s bile to 13*21 ; in pig’s bile to 13*6; in 
fox bile to 12*71 ; in that of the domestic fowl to 10*99 ; in that of fresh-water fish, 
to 14*11 per cent. ; in that of the fresh-water turtle (Emya ffecwraphica) to 5*5 ; and in 
that of the salt-water turtle (Emys inscu/pta) to 6*3 per cent. (We then 11, J, pr. Ghom. 
Ixxvi. 61). The fresh bile of l^ython tiqris yields 1*21 per cent, of asb* 

Ox-bile extracted from the gall-bladder without pressure, contains 0*134 per cent. 
imicus; human-bile 0*158 per cent (Lehmann) ; Gorup-Besanez found in human bile 
14 5 and 2*21 percent mucus and bile-pigmenL The bile of tlie kangaroo, con tains 
4*34 per cent mucus and colouring matter^ and 1*09 cholisierin and fat; that of the 
shad-tish contains 1*28 per cent mucus and colouTing^vmttcr^ and 0*23 per cent fat; 
that of Pythim tigris, contains 0*89 per cent mucus and 0’03/at; gopse-bile contains 
2*66 per cent mucus, 0*36 and ckolcsttrin. (Marrson.) 

The bile, like all the other normal secretions, ut liable to alteration from disease, and 
ponictimes contains heterogeneous constituents. Alimmin is sometimes found in it, 
fspocially in fatty liver, in Bright’s disease, and in the embryonic state. Urea hoe 
been found in the bile, in cases of fatty degeneration of the kidneys, and in animals 
whose kidneys have been extirpated ; also in cholera. Bizio once discovered a dork- 
red non-bitter bile in a patient suffering from jaundice; it contained an emerald- 
gi een pigment, to which he gave the name of eryihrogen^ fioin its volatilisi^ at 40® C. 
and giving off a red vapour. A similar substance was found by Lelimnnn in a case of 
avute yellow ati*ophy of the liver. In the bile of a child who died suddenly, Lehmann 
found a considerable quantity of sulphide of ammonium^ but the previous history of the 
cast' wiia not known. 

Tho normal constituents of the bile also vary in proportion, in various cases of 
(litica.so. The bile has been found to bo jjoor in solid constituents, in persons who hayo 
dii*d from severe inflammatory affections, especially from pneumonia, and likewise in 
fatal cases of dropsy; it also contains on excess of water in diabetes, and in certain 
tMSi*.s of typhus; in other cases of that disease, however, tho bile becomes thicker than 
in health. The solid constituents of tlie bilo are commonly xncrfGBvd in those abdo- 
iiiiiiul discuses in which the motion of the blood in tho larger veins is imped^, and in 
certain cases of heart-disease, in which the blood accumulates in excessive quan- 
tity in the hepatic veins. In cholera, the bile is also found to bo dense, tough, 
and consistent. The proportion of mucus is often increased when the V>ile is very 
dilute; indeed in typhus, the gall-bladder sometimes contains scarcely anything 
else, the resinous constituents being almost, if not altogether absent; tho some is 
observed in catarrh of the biliary ducts. (Lehmann.) 

The separation of crystals of cholesteririy which is sometimes, though rarely, observed 
in morbid bilo, appears to bo associated with an increase in tho relative^ quantity of 
that substance ; this phenomenon has been observed by Gorup-Besanez in vow 
centrated bile. Fr^ fat is always present in the bile, but in the normal state is ludd 
in solution by the taurocbolate of sodium ; fat globules have, however, been observed 
by Gorup-Besanez in the bile of persons who have died from typhus, and from tl2b6l^• 
culosis in tho colliquative stage. (Lehmann.) ^ • 

The bile is very seldom ccetd ; an acid reaction boa been observed in typhus, it 
may have arisen partly from spontaneous decomposition^ after death, partly from 
effhsion of pus into the gall-bladder : for tms, when contained in an enclosed ipace, 
often becomea acid with great rapidity. (Lehmann.) 

Putref actum of When bile is left to itself, either in a dosed or in an open 

vessel, it undergoes gradual decomposition, acquiring an offensive odour and add re- 
action, and yielding a solid deposit containing cholic acid and other anbstanees. 
Thudichum (Gbenu Socs. Qn. J. xir. 118) found that ox-bile left for a year cr 
two in large bottles, well stoppered, and completely filled with it, had aasumed a 
■light acid reaction, a bright port wine colour, and had deposited a copiO BS> 

K^cen and brow n deposit, mixea with white chalk-like particles and greroish ciystala. 
This depoeii *was found to oonaist of cholochrome (bae-pigmen^choiic aci^ 

P^te of calcium and tnagnestum in diehroic crystals, and mucus. ^ ® 

bile was fiemad to confrmi prindpally choloidate of sodium wi^ a httio chowe ; also 
taurine, ralenito and acetate of sodium, and of ammoninin, and phosphate of sodttun, 

• . a 





gl^cocine, and of the tanrocAoJate into cholate and taurine. The ammoiH ’ 
acid are probably formed by the decomposition of the glycocine (oxya^ • ^ 
t\ie 0 X 1 ^ of the yaleric acid is oTsscur© ; these acids nnito \nth a''porUoD 
and precipitate some of the cholochrome and cholic acidj the rest of that 
ingin solution as choloidate of sodium. From the expeiments ofGorup.^f^ 
(Ann CL Fbam, Lx, 129) it appenrs that bLe aLowed ^ de^mpose la au ope! 
vessel^ at a comparatively high femperatare, to 30^ R, deposited cbieUy chohmi 

acid, I?nt when the decom^josition took place in a cellar at 10^ to 12° U.^ cholic 
acid was deposited instead of choloidic, the higher temperature farouring the trans- 
fprniation of cholic, acid into its amorphous modification. 

Human bile putrefies much in the same manner as ox-bile ; but the actual products 
are usually modified by the decomposition of the albumin which is present in nearly all 
the bile that can be obtained for examination, viz. the bile of persons who have died 
of disease, and usually not obtained till some clays after death. The alkaline products 
resulting the depomposition of the albumin partially neutralise the acid products 
of the decomposition of the bile, and thereby prevent, to a certain extent^ the formation 
of insoluble compounds. (Thudichum.) 

Biliary calculi, or GalUatones. — These concretions in man sometimes consist cliiefly 
of chlolochrome, held together by some binding material, generally supposed to be 
mucus, or inspissated bile, but consisting, according to Thudichu m {loc, cit.\ of cholic 
or choloidic acid, or both. In most cases, a small nucleus of this cdiaracter is formed, 
fend becomes coated with cholesterin, which then forms the chief mass of the concretion. 
Earthy phosphates and carbonates are likewise present. Ox gall-stones consist mainly 
of cholochrome, cholic acid, and choloidic acid, with small portions of cholesterin, and 
unaltered bile mechanically enclosed : they also contain the phosphates and carbonates 
of calcium and magnesium, and an ammonia-compound, possibly sulphide of ammo- 
nium (Thudichum). The formation of these calcidi is attributed by Thudichum to a 
decomposition of the bile, similar to the putrefaction which takes place when it is re- 
moved from the gall-bladder. (See Gaix-Stones.) 

See Pumice-Stone, 


SmTAlKT TB&OXT OB 8A!liT8« The theory which regards salts as com- 
pounds of a metal with an acid or chlorous radicle ; e, g, acetate of potassium ra 
C*H*0*.K : nitrate of potassium, NO* K, &c. (See Acids.) 

smrMZTlI. A native sulpharsenite of lead, from the Binnenthal in the Valais, 
where it is found imbedded in white granular dolomite. It sometimes forms distinct 
prismatic crystals, belonging to the rhom]>ic system, but more frequently, broad, reed- 
like, crystalline aggregations, or crude masses : it is very brittle and friable. Colour, 
steel-grey to iron-black, or light lead-grey, with strong metallic lustre. Opaque. Streak 
reddish-brown. Hardness, 2*5 to 3’0. Specific gravity 6*0 to 6'6. Its composition 
appears to be liable to some variation. According to Waltershausen, it is a mixture in 
variable proportions of arsenonielane, Pb''S.Aa*S*, and scleroclase, 2Pb"S.As*6*. 
(Ilandw. d. Chem. ii. [1] 1099.) 

SZOTZir. Syn. with Anobthitil 

BZOTZTB* Uniaxial or Magnesia Mica. See Mica. 

BZBOB* (Betula alhai ) — ^The hark of this tree contains, according to John (Be- 
pert Pharm. xxxiii. 327), one-third of its weight of resin, and a considerable quantity 
•of tannin, whence it is used for tannii^ leather, and for black-dyeing, especially of silk. 
The white, easily separated epidermis of birch-bark, contains resin, tannic acid, ex-, 
tractive matter, and ash, consisting chiefly of sesquioxide of iron, silica, and Ume. 
The red-brown bark on the lower parts of the stem of an old tree, yields by successive 
treatment with ether, alcohol, and aqueous TOtash, a resin, C**H**6*, soluble in ether, 
a red-brown colouring matter, G‘*H*0*, soluble in alcohol, and another red-biown sub- 
stance, C**H'*0*, soluble in alkalis, and precipitated by adds. (Stahelin and Hoch- 
stetter, Ann. Ch. Pharm. IL 79.) 

The leaves of the birch contain, according to Qrossmann, 0‘3per cent, essentia} oil 
and wax, besides tannin, and a bitter yellow colouring matter. They are used as fodder 
in northem eountriea 

The diy toood of the birch contains, according to Kaisten, 0’2fi to 0*3 per cent, ash ; 
according to Berthier 1*0 per cent Herthier found also in 100 pts. of the aa^ 16 pta 
of soluble and 84 pts. of insoluble salts. Wittstein (Pharm. Oentralb. 1851, jp, 404)^ 
has analysed the ash of birch-wood growing on diflfereDt soils: via. a. on the pala- 
imnitio soil of Akareyri in Iceland, composed of weathered volcanie rocka; £ on 
the sterile ealesreons soil of Morschen in Kurhessen, belongiiig *10 the Muaeheifcalk 
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; A. im Uie mat^ aoil of Marborg in KnrboMen, belonging to the oandstone 
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Bibch-fungos. — The fungus of the birch-tree contains woody fibre, plioblaphene (a 
substance also contained in pine-bark), fat, a bitter principle, iincryst^isable sugar, 
fiinnin, malic acid, tartaric acid, and citric acid. It yields 15*3 per cent* water, and 
1-2 Dcrcent. ash, containing in 100 pts. ; 5*0 K*0 ; 41 Na*0 ; 48*8 CaO ; 6*6 MgO ; 
3-1 Al»0*; 1-6 tVO* ; 4*4 SO*; 0*6 Cl; 15*6 P»0* ; 47 SiO»; 16*9 CO*. (J. Wolff, 
Vierteljahrschrift f. prakt. Pliarm. iii. 1.) 

Bibch-juicb. Birch-water. — T his liquid is obtained, like the juice of the maple, 
bv Ixiring the stems of the tr^ in February and March. A tree of average size yields 
* His'>ut 8 litres of juice, consisting chiefiy of sugar, together with nitrogenous subatances 
and various salts, including acid tartrate of ].>ota8sium. It easily ferments, and quicklr 
turns sour when exposed to the air. In some loc^ities, as in tlie Harz, in Courlana, 
ami in Livonia, it is U8C<1 for the preparation of an cflcrvescent wine. 

BiKCH-oti.. — All parts of the birch-tree appear to contain an essential oil. Tho 
young leaves and buds yield, by distillation with water, a colourless oil, which gradually 
turns yellow in the air, has tho aromatic odour of newly developed birch-leaves, and a 
taste mild and sweetish at first, afterwanls balsamic and burning. It is mobile at 
H^C., liecomes viscid at 0^, and solidifies to an amorphous mass at — It)®. It dis^ 
solves in alcohol more readily than in ether : water is said to extract a stearoptene (?) 
from it. (Grossmann, R<^pert. Pharm. xxih. 327.) 

The bark of the Betula leata, a North American tree, yields an essential oil identical 
with oil of winter^een (salicylate of methyl): it does not however exist in tho bark 
ready formed, but is produced from a crystalline Bub8tanc<N gatdthvriny contained in tlie 
bark, by the action of a ferment in presence of water, in the same way os bitter-almond 
oil from amygdalin, (Procter, Amer. J. Pharm. Jan. 1844.) 

BrncH-IlRsiN. See Bbtulin. 

Biucu-Tab. Bagged. Black Boggert or BcggcH. Birch-tar Oil. — In Kussia and 
other northern countries, the bark of the white birch is subjected to a kind of down- 
ward distillation, in conical pits 20 or 26 feet deep, coverea over first with a roofing 
of straw, and then of turf and mould, having holes to regulate the admission of air, us in 
the charcoal mcilcrs. By this process, tw’o profliicts are obtained, namely, chuix^oal and 
tar, the latter amounting to 60 or 70 per cent, of the bark. It is a brown-black viscid 
litjuid, used for coating wood, and also for lubricating carriage wheels, as it remains 
liquid even at very low temperatures. 

This tar when distilled yields a brown strong-smelling acid oil, and on rectifying 
this oil, a liquid hydrocarbon, having the composition of oil of tuipentine, passes over 
at 100® C., mixed with an oxygenat^ oil, the proportion of the latter gradually in- 
creasing as the distillation advances. The oxygenated oil may be removed by potash- 
ley, and the hydrocarbon, C*^H**, is left l^hind. Its smell is like that or oil of 
turpentine, but more agreeable, recalling that of birch-bork. Specific gravity 0*87 
at 20® C. Boila at 156®. Vapour-density 6*2 (calculation 2 vols. 4*8), At —16® it 
deposits a small quantity of stearoptene. Sparingly soluble in water, ^adily in alcohol 
and ether. It absorbs oxygen rapidly from the air, giving off carbonic anhydride, Wnd 
being converted into a resinous mass. It is also oxidised by nitric acid, living off 
hydr^anic acid, and yiel^ng two acid resins. It absorbs 32 per cent, chlorine, with- 
out formi^ a crystalline compound. BetoUn is perhaps formed from this hydrocarbon 
by oxidation. (Sobrero, J. Pharm. [3] ii 207.) 

The b^ birdlime is made of the middle bark of the holly, l^iM 
seven or eight hours in water, till it is soft and tender ; then laid in heaps in pits in 
the ground and covered with stones, the water Being previously drained team it; and 
in this state left for two or three weeks to ferment, till it is reduced to a kind of muci* 
lage. This being taken firom the pit, is pounded in a mortar to a paste, washed in 
nver water, and kneaded, till it is free extraneous matters. In this state it is 
leftybur or five days in earthen vessels, to ferment and ptirify itself^ when it is fit for use. 

It may likewise be obtained from the mistletoe^ Vihurnum lanXana, joting sbooti 
of elder, and other vegetable sabstanoes. 



590 


BISMI&TH. 

It 10 0 ometime 0 adulterated with turpentine, oil, rinegar, and other matters. 

^ Good birdlime is of a groenish colour, and sour flavour ; gluey, stringy, and tena* 
ciouB, and in smell resembling linseed oil. By exposure to the air, it becomes diy anvi 
brittle, so that it may be powdered; but its viscidity is restored by wetting. I| 
reddens tincture of litmus. Exposed to a gentle heat, it liquefies slightly, swelU in 
bubbles, becomes grumous, emits a smell resembling that of animal oils, grows brown 
but recovers its properties on cooling, if not heated too much. With a greater heat, ii 
burns, giving out a brisk fiame and much smoke. The residue contains sulphate and 
chloride of potassium, carbonate of calcium, and alumina, with a smalLportion of iu>a 

U. 

BXSMITTB. Symbol Bi. Atomic weight 208 (Schneider); 210 (Dumas).^ 
The metal bismuth has long been known, but was formerly often confounded with tin 
and lead. It is principally found in tlie metallic state, but also occurs in combina- 
tion with sulphur, oxygen, and tellurium. In Cornwall and Cumberland it is found 
associated with ores of cobalt, and in Siberia with lead, in the form of necdle-ore oi 
biamuth-lead-ore. 

For the arts it is prepared almost exclusively from native bismuth, and the great 
source for it is Saxony, where it occurs in metallic veins in gneiss and clay-slate, accom- 
panying ores of silver, copper, lead, and tin. 

The process of extraction is very simple, the mineral being merely heated in clos« 
vessels, so as to melt the bismuth, and tnereby separate it from the gangue, or accom- 
panying rock. The fusion is performed in iron tubes, laid in an inclined position, ir 
a furnace {Jig. 100). The ore is introduced at the upper end, rf, which is then plugged 

The other end, is closed wit!; 
an iron plate having an aperture, o, 
through which the melted meta! 
runs into earthen pots, a, hoatec 
by a few coals placed in the space. 
K, below, so as to keep the meta! 
in the melted state. It is thet 
ladled out and run into moulds 
(See Ure'a Dictionarf/ of Arte, 
Manufactures^ and Mines^ i. 304.] 
As thus prepared, the metal i* 
impure, containing sulphur and 
arsenic, copper, nickel, iron, and 
other metals. It may be purified 
by placing it in a crucible with 
alxjut ^ its weight of nitre, and 
keeping it melted at a temperature not too much above its point of fusion, the mixture 
being continually stirred. The nitre, at first liquid, soon solidifies, forming with tha 
impurities a slag, which collects on the surface of the metal* By repeating this 
operation a second time, the metal is obtained pure. 

Small quantities of bismuth existing in lead-, copper-, and silver-ores, often become 
concentrated in the secondary products of metalJurgic operations, especially in the 
process of separating silver from lead by cupellation. The lead oxidises faster than 
the bismuth, so that towards the end of the operation a blackish litharge is obtained, 
containing bismuth ; and by reducing this mixed oxide, and again cupelling the re- 
sulting alloy of lead and bismuth, the lead is oxidised and metallic bismuth remaina 
(Jabresber. f. Chem. 1859, 711.) 

To obtain chemically pure bismuth, the metal is dissolved in nitric acid ; and to the 
clear solution, a large excess of water is adde<l, which precipitates the bismuth as basi« 
nitote, ^e other substances remaining in solution. The precipitate is well washecl, 
dned,^ mixed with black flux, and reduc€?d at a gentle heat in a crucible, at the bottom 
of which a reg^ulns of pure metal is found, 

^ Properties. — Bismuth is a^ metal of a groyish-white colour, with a distinct roseate 
tinge. When pure, it crystallises more realty than any other mctaL It may be obtained 
in beautiful crystals by the following methodL A few pounds are melted in a cmciblcv 
and then TOured into an earthen dish previously ma^ hot. When the surface of the 
metal haa become covered with a crust, it is pierced on two opposite points with a rod 
of red hot-iron, and the liquid metal allowed to run out On afterwards earefidly 
removing the crust, the sides of the interior are found lined with beaatifbl cstystal^ 
often in pyramid^^cubes like the crystals of chloride of sodium. Th^ possess an iri- 
descent lostre, arising from a very thin film of oi^e which has been formed on their 
stirfrce while still hot, and exhibits the colours of thin plates. Kative bimnuth <®y»- 
tallises in enbe^ and combinations of the cube with the octahedron ; also in fegiuar 
tetrahedrons, with cleavage very distinct, parallel to the fiiCM (rf the octahedron 
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Id Dana's (iii. 20), on the other hand, the aTstaUine 

form is atatod to beloi^ to the heacagoniil system. Bismuth, appears therefore to W 
dimorphous. Its specific gravity is 9*83, and it exhibits the singular anomaly, tliat 
when it has been exposed to great pressure, its density becomes less. Pure bismuth 
which has been exposed to a pressure of 200,000 pounds, was found to have the 
{specific gravity 9*556. It melts at ^ 264^ O., and expands about ^ in solidifying. 
Hence its specific gravity is ^atcr in the liquid tliau in the solid state. At a hif^ 
temperature, it may be distilled, and then sublimes in laminse. It is very brittle, 
has a laminat^ crystalline firacture, and is easily reduced to powder. Of all metals 
it exhibits in the highest degree the plionomena of diamagnetism, 

•RTpofled to dry or moist air, it docs not alter, but when exposed in contact with water 
in an open vessel, it becomes covered with a film of oxide of bismuth. Heated in the 
air, it bums with a bluish fiame, fonning yellow fumes. It decomposes water at high 
temperatures only. Concentrated hydrochloric acid acts on it with difficulty ; sul* 
phunc acid attacks it only when hot and coucentruted. Nitric acid briskly attacks it 
and effects complete solution. 

Bismuth forms three classes of compounds in which it is dt\ tri-, and pent-^atomw, 
respectively. The tri-atomic comtx>un^ are the most stiible and the most numerous, 
f. r/. BiCl*, Bil*, Bi*0*. Several di-utoraic bismuth-compounds are also known, 
BiBr^ Bid*, Bil*, Bi*0*, and Bi*S* The only pent-ntoraic bismuth -impounds 
hitherto obtained are the pent-oxide Bi’O*, together with the corresponding acid and 
salts. ^ ^ 

axSKirni ACICITLAJK* Plunibo-cupreous sulphide of bismuth, SeeNBBm.ii- 

ORB. 

BZ8MIWR, ABBOTS OT. Bismuth unites readily with other metals, forming 
easily fusible compounds, 

A native arsenide of bi&muth containing 3 per cent of the latter met^, occurs at 
Polmbaum, near Marienberg. It has a radiated texture like native sulphide of anti- 
nionv. Specific gravity 5’392, Hardness 2 (Breithnupt). 14 pts. of bismuth 
fused with 1 pt of arsenic yield an alloy which expands strongly in solidifying. 

Antirtwny unites in all proportions with binmnih, forming brittle alloys ; that which 
contains equal parts of the two metals expands considerably in solidifying. 

The most remarkable alloy of bismutli is that known as “fusible metal," which 
consists of 1 pt. of leads 1 of and 2 of fnsmuth. It melts at 9375 C. Accord- 
ing to Erman, it dilates in an anomalous manner when hoateil. It expands regu- 
larly from 32® to 95® O., and then contracts gradually to 131® ; at which point it 
oeeupies a less bulk than it did at 32®; it tlien expands till it reaches 174®, and ftom 
lliat point its expansion is uniform. On account of this property of expanding as it 
cools, while still in the soft state, it is much used for taking impression from mes, as 
<*ven the faintest lines are reproduced with minute accuracy. An alloy of bismuth 
with potassium is obtained when bismuth is fused with cream of tartar, 5 pts. bismuth 
to 4 pts. tartar, (For the other alloys of bismuth see the several metals.) E. A. 

BlS Hf O TH f BBOM1BB8 Ol*. The tri-bromidPs is formed by heating 

bismuth with excess of bromine. It is a steel-grey substance, like fhsed iodine; melts 
at 200® C., and boils at a dull red heat, with formation of hyacinth-red VMWurs, 
Heated with metallic bismuth, it yields a brown crystalline mass, probably a di~hro» 
ndde BiBr*, but it has not been obtained pure. (Weber.) E. A, 

BlBSKUXSy CKBOBZBS8 OWm Triddorides Br'Cl*. — Bismuth and ddonns 
readily combine, with evolution of heat and light if the metal be^ finely divideA On 
heating bismuth in a tubulated retort, in a current of chlorine, trichloride of bismuth 
distUs as a white easily fhsible substamce. It reodiW attracts moisture fiom the air, 
becoming converted into a crystallis^ hydrate. The same substance is produced 
when hismuth is dissolved in aqua-regia, and the excess of acid evaporated. Cmoride 
of bismnth. dissolves in water containing hydrochloric imid ; by pure water it is de- 
composed into hydrochloric acid, which diwlves a portion of the chloride, and * pre- 
cipitate consistmg of oxychloride of bismuth : 

Bid* + H*0 - BiClO + 2HCL * 

^i^en a solution of nitrate of bismuth is poured into solution of common sal^ a ^htte 
ciystalliibe precipitate is formed, which is also oxychloride of bismuth, Bi^.Bi*0 
or BiClO, It is used for point, and is known as •‘pearl white." Chloride of bumutii 
forms cfjBtaUisable double salts with the chlorides A potasrium, of sodium,, and of am* 
luonium. They are isomorphous wit^ and analogous in composition to, the correspond- 
ing double ehlorideo of antn^nj. 

DicnoBma or Bibcutr, Bid*, is produced by heattns the ^SSlIS 

be bismuth, bj tfilB vetion of chioriite upon bimnuth, providea Soo MBpl 
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be moderated by confining tbe carrent of chlorine to the upper part of retort 
Partial reduction of the trichloride is likewise elfected by phoq^horus, zinc, tin, m^r. 
cuiy, and silver. The dichloride is a brown crystalline was easily fhsible and easily 
decomposed by water or by a strong solution of sal-aniihoniac. At a high tempera* 
ture, it is resolved into metallic bismuth and trichloride. Weber, Po^. Ann. 
evil. 696.) . “ T^,A. 

SX8MVTB CUPStBOirs. See Tattiienits and WrqTCHiTE. 

SXBIMnrrB, BSTaBCnOW Ban> mTJmJLVmOlif Blowpipe reac- 

Hone , — All bismuth-salts, and likewise the sulphidCy^^are easily reduced by mixing 
them with carbonate of sodium, and heating the mixture on charcoal in the inner 
blowpipe flame. A brittle bead of metaUic bismuth is thereby produced, and a 
lemon-yellow oxide, similar to lead-oxide, but darker, is deposited on the char- 
coal around. This deposit disappears when heated in the reducing flame, without 
colouring the outer flame, a character by which it is distinguished from. lead. Oxide 
of bismuth is easily reduced on charcoal without^addition of soda. 

In boreuc on platinum-wire, bismuth-oxide dissolves to a clear glass, yellow while 
hot^ and colourless when cold, if not supersaturated ; in the latter case, yellowiali- 
red while hot, yellow when cold. In the inner flamo on charcoal,, the borax-glass 
becomes grey and turbid, afterwards perfectly clear. The addition pi tin makes it 
gr^ at first, but after complete reduction, colourless and transparent. 

Li phoaphorus-sali on platinum-wii^, a small c^uantity of bismuth-oxide forms a 
colourless glass; with a large quantity, the glass is yellow while hot, colourless, or 
sometimes enamel-white, on cooling^^ On charcoal, especially W'ith addition of tin, 
the glass is ' transparent and colourless while hot, but become.s blackish-grey and 
opaque on cooling. (Berzelius and Pi a 1 1 n e r. ) 

Liquid Reactions. — The salts of bismuth are mostly colourless. They have an 
acid reaction, and their solutions when diluted with water, become milky, and yield a 
white precipitate, consisting of an insoluble basic salt, while an acid salt remains in 
solution. This reaction is best seen with the chloride, as the oxychloride formed js 
almost absolutely insoluble. Iro7i, copper, lead, and tin, precipitate bismuth from its 
solutions in the metallic state. Stilphydrie add and stUpkide of ammonium throw 
down a brown-black precipitate of trisulphide of bismuth, insoluble in excess of sul- 
phide of ammonium. Caustic ai kalis and their carbonates, phosphates, oxalates, and 
tartrates, throw down white precipitates, insoluble in excess of caustic potfu^h or soda. 
Chromate of potassium throws down a yellow precipitate of chromate of bismuth, 
insoluble in caustic potash. Soluble sulphates produce no precipitate. This last 
character, together with the insolubility of the precipitated chromate, hydrate, &c., 
in caustic potash, distinguishes bismuth from lead. From antimony, which resembles 
it in the decomposition of its salts by water, it is distinguished by its behaviour with 
sulphydric acid, and by the insolublility of the basic s^ts thrown down by water, in 
tor^ric acid. 

Quantitative Estimation , — The best reagent for precipitating bismuth from 
most of its solutions, is carbonate of ammonium, which, when added in excess, 
throws down the bismuth completely, provided the liquid be left to stand for some 
hours in a warm place. The precipitate, after being washed and dried, must bo 
separated from the filter as completely as possible, the filter senarately burned, and 
the precipitate ignited in a porcelain crucible ; a platinum crucible would be attacked 
by it on ignition. It consists of trioxide of bismuth, Bi'K)”, containing 89*66 per cent, 
of the metaL 

If the solution contains hydrochloric acid, the bismuth cannot bo estimated by pre- 
cipitation with carbonate of ammonium or any other alkali, because the precipitate so 
formed would contain oxychloride of bismuth, and on igniting part of the bismuth 
would be volatilised as chloride. In this case, therefore, the bismuth must be preci- 
pitated by sulphydric aciA the sulphide of bismuth oxidised and dissolved by nitric 
acid, and the diluted solution precipitated by carbonate of ammonium. 

Atomic Weight of Bismuth . — The first approximately correct determinations of 
the atomic weight of bismuth were made in 1815 by Lagerjhelm (Ann. Cfii. xcir. 
161), who, from the proportion of bismuth in the sulphide Bi'S*, in fhe oxide BiK)*, 
and the s^phate Bi^SO^)*, estimated the atomic wemht at 214*8, 212*8, and 212‘3t 
respectively. Clmelin (Handbook, iv. 428) found that these numbers were too 
hjgli» and that tfa^^oxide Bi’O* contained at least 10*83 per cent, oxygen ; whtnee 

Bi> : O* .^9-67 : 10-33; and Bi - ~ ** 

Thk by Schneider in 1851 (Pogg. Ann. Ixxxii 803). Purs 

bibnnith wak oxidised by nitric acid in a flask (Jh^ smaUporaSiBs of metal euried eflT 
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few tlift Mliff odllected and aUoved for% th« adution evaporatad, and iha 

iStfdiia ^tly imited. Eight einp^vimenta thus made, showed that 100 pta. of tri* 
of biamuth, Bl*0* poptain ftom 10*318 to 10'366 pts. oxygen; mean «• 10*34d: 

Dumas (A^n. Ch..^arm. exiii. 38), has detennined the atomic weight of 
H^uth by decomoMing th^tnphlorido BiCl* (prepared by passing chlorine gas over 
bismuth, and distilling ti0 ^ ^product passed orer is colourless), with excess of cai^ 
bonate.of sodium, and esttvi^ing the chlorine in the filtnite by means of a standimi 
silver-Mlu^ou. Three expnments, with the purest portion of the distillate, gave 
the numbers 209*88, 210*08, aod 210*27. Dumas considers 210 to bo the correct 
number. 

Sfp<iration of Bismuth from other Elements, — From the non-?nrto//tb cle* 
ments (excepting selenium), and from the a/ kali- metals, bismuth is sepa]*ated by earbo* 
nate of ammonium; from the earth-metals, and from iron, cohalt, nickd, and the 
other metals of the second group (p. 217), it is senarated by sulphydric acid; from 
^tit, arsenic, antimony, and tellurium, by sulphide of ammonium ; and from copper and 
c^tnium, by ammonia. The reparation of bismuth from cadmium may also be effected 
by cyanide of pdtassium, whmli dissolves the latter as cyanide of cadmium and potas- 
sium, and pse^^ates the bismuth. The precipitated bismuth, however, always 
contains potash, and must therefore be dissolved ^ nitric acid, and piiecipitatod by 
carbonate of ammonium. Aimther mode of separating these two metals, given by 
Lowe (J. pr. ChenoL Ixvii. 464), is to heat the solution containing them with acid chro- 
mate of potassium, which throws down the bismuth as Bi^O*.2CrO*, a^d retains the 
cadmium in solution. ^ / 

The separation of bismuth from lead cannot be effected by caustic potash, although 
lead is soluble in that reagent, and bismuth insoluble ; for, when the metals are mixed 
in solution, the oxide of lead precipitated by potash always carries some bismuth- 
oxide down with it The two metals may, however, be separated : — • 1. By sulphurie 
acid. The acid is to be added in excess, the solution evaporated till the excess of 
sulphuric acid begins to volatilise, and then diluted with water, whereupon the sulphate 
of lead is left undissolved, while the sulphate of bismuth dissolvee completely, pro- 
Wded sufficient excess of sulphuric acid is present The sulphate of lead is then 
collected on a filter, and washed with water containing sulphuric acid, and the bismuth 
is precipitated from the filtrate by carbonate of ammonium, after the excess of acid 
has been partly neutralised by arninoniti. This method is not quite exact, because 
sulphate of lead is not perfectly insoluble in acid liquids ; sulphuric acid, however, 
dissolves lees of it than any other acid. — 2. Another mode of separating lead from 
bismuth, is to dissolve the two metals or their oxides in nitric acid diluted with a very 
small quantity of water, then add liydrochloric acid in sufficient quantity to convert 
the metals into chlorides, and afterwards a considerable quanti^ of strong alcohol 
mixed with a little ether. The chloride of bismuth is thereby held in solution, while 
the chloride of lead is completely precipitated, and may bo collected on a weighed 
filter, and washed With alcohol containing ether. I^astly, the alcoholic solution of 
chloride of bismuth is diluted with water, the alcohol evaporated, and the bismuth 
precipitated by sulphuretted hydi»gen. This method becomes more exact as^ the alcohol 
used is stronger. — 3. XJllgren separates bismuth from lead by prroipitating the two 
metals as carbonates, redissolving them in acetic acid, and immersing in the li<|[uid a 
weighed strip of clean sheet-lead, which must be completely covered by the liquid ; 
the vessel is then closewl and left to itself for several hours. The bismuth is thereby 
precipitated as a metallic powder. It is rinsed off the surface of the lead, which is 
then dried and weighed, and the precipitated bismuth is collected, dissolred ifi nitric 
acid, and precipitated by carbonate of ammonium, or estimated by simply evirating 
the solution and igniting the residue. The lead in the solution is also precipitated^ 1>y 
earbonato of ammonium, and the carbonate of lead is converted into oxide ignition, 
and weighed, a dednetion being made of the quantity of lead-oxide <»rref^ndlng to the 
lead which has been distirlTfd — 4 When lead ana bismuth are mixed in the nuetallie 
state, they may be sepfumted by passing cblorine over the heated allqy, ^chloride of 
bismuth then v nlatiUMbg , while chloride of lead remains. Great oiiM is, however, 
rsQuiied in reguia^ng tba heat, as too hijo^ a temperature would volatilise some of the 
ehlmide of lead, and if the heat be toofow, a portion of the diloride of bisimith will 
remain. % , ’ , '♦ 

For the aepamtioii of himnnth ttommereurp, silver, ff0ld,.plS^um, and ita alHa® - 
sea the MsranI inetala. 

Valuation of BUmuth-oreo, — Ore* eonteiniiig only metric hbmititih it|^ 
by hirating Ipm in a eradble perforated at the bottom, and att m i fflg „ 
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receiTer, into which the melted metal mns. The piwoss ie not qrnte eccao^ as a MUA 
quantity of the metal remains mixed with the ore ; but it is s^cient for a eheeh oa 
the results of the smelting on the large scale. If the ore likewise contaxns snlpfaide of 
bismuth, it is ignited with two or three times its weight of black flux, sometimes with 
addition of metallic iron, also of borax, if much earthy matter is present. If the ore 
also contains other metals, which are reduced together with the bismuth, the metallic 
button most be dissolved, and the several metms separated by analysis in the wet 
way, as above described. (Kerl, Huttenkunde, ii. 365.) 

BlSMUTBi r&VOBZIlE OF. Soluble in water and deposited as a white powder, 
when the aqueous solution is evaporated, (Berzelius.) 

BS8MUTB, ZOBZBB OF. BiP.— Obtained by mixing 1 at. of trisulphido of 
bismuth (which has been prepared by precipitation) with 3 at of iodine, and gently 
heating the mixture in a capacious loosely covered glass globe, on the sides of which 
the compound condenses. The iodine simply takes the place of the sulphur (Schnei- 
d e r.) It is likewise produced by throwing iodine in small portions into a tube in 
which bismuth is strongly heated, and distilling out of contact with the air (Weber). 

It forms large brilliant grey hexagonal tables, which, according to NickUs 
(Compt. rend. 1. 872) are isomorphous with the tri*iodides of arsenic and antimony. 
Metallic bismuth decomposes it in the same manner as the tribromide. (Weber). 

An oxyiodide. of bismuth, BilO, is formed when the tri*iodide is heated for some time 
in a crucible, and collects below the ciystallised iodide thus obtained, in a mass of 
copper-coloured rhombic lamince. In a close vessel, it may be partially volatilised 
without alteration, but when strongly heated in contact with the air, it is converte(l 
into oxide. It is not decomposed by water or by alkaline solutions ; hydrochloric 
acid dissolves it without alteration ; nitric acid decomposes it, with separation of iodiue. 
(Schneider, J. pr. Chem. Ixxix. 424.) 

A stdphiodide^ BUS, is obtained by adding to molted iodide of bismuth, as much 
sulphur as it is capable of dissolving ; it is likewise produced in the preparation of the 
tri-iodide by Schneider’s method, and collects at tiie bottom of the vessel, together 
with a small quantity of the iodide, in small, shining, steel-grey needles. It appears 
to have the same form as the trisulphide. (Schneider, J. pr. Chem. Ixxix. 422.) 

E. A. 

BZSJMlITBt OBZBlSfl OF. Bismuth forms two definite compounds with oxygen, 
Bismuthoua oxide or trioxide of hiamutk, Bi*0'‘, and hismuthic oxide or anhydride^ 
Bi*0*. An intermediate oxide, Bi*0^ is known, but it may bo regarded as a compound 
of the other two — a biamtUhate of hiaumth^ Bi'O*. Bi-0*. A dioxide, Bi*0* appears also 
to exist; it is formed when a solution of a bismuth -salt is treated with protochlori^lo 
of thi. A correspondiug sulphide is known. 

Bismutkous Oxidb, or Trioxidb of Bismuth, Bi*0*, is formed when the metal is 
roasted in air, but is bost obtained by gently igniting the subnitrate. It is a pale yellow 
powder, which melts at a red heat, and solidifies on cooling to a glass having a deeper 
yellow tint. It occurs native, as fnsmuth-ochre^ associated with iron and some other 
impurities (Bi*0* 86*4 per cent.; FeH)* 5'1 ; CO^ 4-1 ; water 3*4), at Sebneebejg in 
Saxony, at Joachimsthal in Bohemia, and with native gold at Boresof in Siberia. 
(Dana, ii. 141.) 

The hydraUd oxide of hiamuth^ BiHO*. or Bi*0*H*0, is obtained as a white precipi- 
tate when a solution of subnitrate of bismuth is decomposed by an alkali If the 
hydrate be boiled with potash, it loses water, and is changed into a yellow crystalline 
powder which is the anhydrous oxide. 

The hydrate is occasionally used in analysis for converting into oxides certain ' 
metallic sulphides soluble in alkalis. For this purpose, the alkaline solutions are boiled 
with the hydrated oxides 

Both the hydrate and the anhydrous oxide dissolve in the stronger acids, forming 
the normal bismuth salts, which have the composition Bi^'A*, the sytnl^l A denot- 
ing an add radide, e. g . : 

BiOl*; Bi(NO»)* . Bi^SOT - ke. 

Man;|r of these salts crratallise well, but cannot exist in solution unless an exeest of 
add is present On dflutin^ the solutions with water, a bade salt is predpttated. and 
an add salt remains m solution. 

' Bismutmio OxniB or Akktdbidb, BiH)* -in combination ; Bismothio Acn>.— -IW* 
pared by pfmng chlorine through a concentrated solution of potash whidi oontaina 
hydrate trioxide of bismuth in susrondon. A blood-red substance then separates^ 
fraldhis a mixture of hydrated bbmudiic add, and trioxide of ^smuth. This ia trMdsd 


imbtutit: 


m 


wUh diliifto nitrie which diwolvcs the oxid% hut, in the colt), does not attack the ^ 

Biamnthic oxide ia a bright red powder, which loses part of its oxyjpn at a tempen^ 
tuie little above 100° 0. and becomes converted into the intermraste oxide, Bi*0*, 
bismntbate of bismuth. Acids also decompose it| reducing it to thtf state of biamuthoos 
oxide, which then combines with the acid. 

The bismuth ates are little known, and of no importance; according to Arppe, 
bismuthic acid forms with potash, a salt which is an aeid bismtUhate of potasatuM : 
Bi^KHO* » BiKO».BiHO*. E. A 

szsBnrvBCt oxTcaxiOUSB or. (p. 69i.) 

BZSanrXB OXrOBXr-SJLBTS or. See the several acids. 

BXBSKOTB, raoSPBZBB or. Melted bismuth takes up a small quantity of 
phosphorus, being thereby rendered more brittle and less laminar. PhosphoretU'd 
hydiogen gas tlirows down from solution of nitrate of bismuth a black phosphide of 
the metal, which gives off all ita phosphorus by distillation. (Berzelius.) 

BX8BK1TTK, BB&BarXOa or. Bismuth and selenium unite when lieattHl toge- 
ther with faint evolution of light and heat, and form a silver- white mass, having u 
crystalliue fracture, and fiising at a rod heat: the fused mass has a specular surface, 
(lierzelius.) 

BXBSmrTX, snrniBBB or. Bismuth readily unites with su/phur. When 
the two substances in fine powder are ftised together, they combine, with disengage- 
ment of heat. Two distinct compounds are known. 

Disulpbidb of Blsmtjth, Bi"S. — According to Werthoim, it is obtained crystallised 
bv melting together bismuth and trisulphide of bismuth in equivalent quaiit.itit?8. Tlio 
inixture is then allowed to cool slowly, on which the sulphitle crystallises frt)m the 
licjuid metal, which may bo poured off from the crystals. More recently it has 
shown that these crystals, although giring by analysis numbers corresponding to BiS. 
arc really a compound of trisulpliido of bismuth with metallic bismuth. According to 
hk'Imeidcr, disulphide of bismuth may be prepared in the moist way, by mixing an 
Hlkalino solution of bismutlious oxide with an alkiilino solution of stannous oxide, and 
precipitating with sulphun'ttcd hydrogen, ' The tin remains dissolved, and a black pre- 
cipitate is formed, which, when wusIkmI and dried in the water-bath, is found to have tlio 
composition BiS.H*0. It is a black lustreless powder, which, under the burnisher, takes 
tlie form of black laminse. ^ • i * • 

TaisuLPHiDB OF Bumutk, Bf-'S*, occurs native as bismuth-glance, or f/titmuthtm, in 
Oumlwrland and Cornwall, also in Sfcxony, at Bastnas in Sweden, and s wonting to 
Shepard, at Haddam in Connecticut, associated with chrysoberyl. It ciyBtallisos in aci- 
eular prisms of the trimetric system, isomorjdious with native sulpliido of antimony, 
00 P . « P 00 . 00 Poo . 00 P 3 . oP. Inclination of oo P : « P - 91° 30 . Cleavage 
perfect parallel to oP and oo t oo ; less perfect parallel to oo P oo . It owurs also 
massive, with foliated or fibrous stmeture. Hpecifle gravity 6'4 to 6*5d. ll^e*» 
«« 2 to 2*6. Opaque, with metallic lustre, Icad-groy colour and streak. oocUle. 

The same compound is prepared in the diy way, by fusing pulverised bismuth with 
one-thinlof its weight of sulphur, and removing the excess of sulphur by a second 
fusion. A laminated mass is thus obtained, composed of crystals having the same tom 



I sulphydiic 1 — gr 

BxsBnrrB, bvxopbocb&obxbb or. BiSCi, or 
pound is best obtained by gradually aclding pulvenseil trisulphide of biamntn to 
melted ammonio-bismutbous chloride (2NH^Cl.BiCl*), and washing the resulti^ man 
with water acidulated with hydrochloric acid. It is also formed by heating 
double chloride with sulphur, or in sulphydito ®^^^?**** forms smaJi, metaliic- 


11 gives on nyoroctiionc ana suipnyuru; r:'. I: " „ 

by strong hyinx^doric and strong nitric acid ; also hy aBulis, which WiWTd the chlo# 
nne and leave an oxysulphide. (B. Schneider, Pogg. Ann. xciu. 484.) 
aiSMEm« VBUmiO. Bi^Te, See Tbu.ujuv]c. 

nasOBlBB OB* The two metals unite in all proportiofis. by 

ftision. 

BBUBliW^BBSWBB. Ifative silicate of bismuth. See SiT#foaTna» 

BTOBniUf OfiilwrOj or mMBWnVMXMWL Native trisnl^ude of 
(see above). , 
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696 BISMUTH-BAMOUEa, ORGANIC. 

SZSinnni-3ncaUi&» Grunauite. iSs^mYe.~-A8iilpliideof1>i8]iiQth and iiidtti* 
found, together with quartz and isopper pyrites, at Griinau in Sayn Altenkiichen, 
cryetallised in regular octahedrons, sometimes perfect, sometimes haying tl^ summits 
more or less replaced by faces of the cube. Cleayage octahedral* Specific gravily 
6*13. Hardness 4^6. Colour, light stcel-grejr to silver- white, often yellowish orgreyiA 
from tarnish.' Its composition in 100 parts is given by the following analyses; 


s 

Bi 

Ni 

Fe 

Co 

Cu 

Pb 


38*46 

14*11 

40*65 

3*48 

0*28 

1*68 

1*68 

Kobell. 

31*99 

10*49 

2203 

555 

11 24 

1159 

7T1 

Schnabel. 

83*10 

10*41 

22*78 

6*06 

11*73 

11*66 

4*36 

I* 


Before the blowpipe it melts to a brittle, ma^etic globule, colouring the char- 
coal greenish-yellow. Dissolves in nitric acid, excepting the sulphur. (Dana, ii. 44.) 

BXSHgnTH*OCH»a. Native trioxide of bismuth (p. d94). 

BXSBSITTB-RAJIXC^bES, OBO.IL9rxO. The only compounds of this class as 
yet obtained, are the Jiiamuthides of Ethtfl^ viz. liistriethi/l^ discovered by Ldwig 
and Schweiz er (Ann. Cli. Pharm. Ixxv. 355), and fhrther examined bjr Breed {ibid. 
Izxxii. 106), and Bisethyl, discovered by Diinhaupt in 1854 {ibid. xcii. 372). 

BiSETHm. — The chloride of this radicle, C*H*BiCl* (?) is obtained, together 

with a precipitate of chloride of hydrargethyl, by the action of bistriethyl on clilorido 
of mercury (p. 596)* The chloride of bisethyl remains in solntion and may be obtainetl 
by spontaneous evaporation in crystals, which liowever do not dissolve completely in 
water, but leave a white powder. On adding iodide of potassium to the aqueous solu- 
tion, then diluting with water till turbidity is produced, boiling till the solution be- 
comes clear, and leaving it to cool, iodide of bieethyl separates in yellow six-sided 
laminse, which appear to have the composition C*H*BiI* A solution of this compound 
in hydrated alcohol treated with ammonia, forms a yellowish-white precipitate of the 
hydrated oxide^ which, after drying in vaeuo, ignites spontaneously in the air, giving off 
a dense yellow vapour. The oxide appears also to be formed by the spontaneous 
oxidation of bistriethyl, 2 atoms of ethyl being eliminated. Sulphide oj bisethyl is 
formed by treating the iodide with sulphydric acid ; and the nitrate and sulphate 
by acting on the iodide with the corresponding silver-salts. (Diinhaupt.) 

Bistbiethyi., op Tbiethtl-Bisicuthinb. (C®H*)*Bi, Bisim thyl , — Formed by the 
action of iodide of ethyl on bismuthido of potassium. 

Brv^aration . — Bismutbide of potassium, finely pounded, and Without admixture of 
sand, 18 introduced into a small flask ; iodide of ethyl added in excess ; the flask closed, 
and immediately connected with a long narrow distillation-tube passing into a receiver 
surrounded with ice, all these manipulations being performed as quickly as possible. 
In a few minutes, the action begins, the mixture becomes heated, and the excess of 
iodide of ethyl distils over. \\^ter free from air is then introduced into the flask, 
which is immediately closed and hoate<l in the water-bath, till the mass beeomes soft 
and the iodide of potassium is dissolved. The same operations are repeated with a 
considerable number of flasks ; the diaintegrntod contents transferred as (quickly as 
possible into a large flask filled with carbonic anhydride ; shaken up several times with 
a large quantity of ether ; the ethereal solution mixed with the de-aerated water ; and 
the ether completely distilled off in the water-bath. The bistriethyl remains at the 
bottom of the water, and is purified by distilling it with water (it cannot be distilled 
alone, without decomposition), shaking it up with a small quantity of dilute nitric acid 
to free it from oxide, and diying over chloride of calcium. During all these operations, 
the air must be carefully excluded (Breed). 3 lbs. of bismutbide of potassium and 
1 lb, of iodide of ethyl, yield 4 or 5 oz. of pure bistriethyl. (Diinhaupt.) 

Properties, — Transparent, very mobile liquid, sometimes colourless, but often slightly 
tinged with yellow. Has an unpleasant odour like that of stibtriethyl, and its vapour, 
when inhale^ even in small quantity, produces a very disagre^ble burning sensatioB 
on the tip of the tongue (Breed). Insoluble in water, sparingly soluble in ethei^ 
readily in absolute alcohoL 

Jkcompoeitione , — I. Bistriethyl hea^ in a retort, begins to boil at about 
giving off a gas free from bismuth, which bums with a clear flame, while metallie us* 
math separates out in the retort. If the beat be oontiiiued, the thenaometer ri se s 
above loCP 0., and continues to rise till a sudden and violent exploeion takes plao^ 
which shatters the apparatus (B r e e d). The dilute ethereal solution is also decomposed 
when left to evaporate in the air, leaving a white residue of hydrated oxide d bi^uth 
(Diiuhaupt)k — 2. Bistriethyl expoe^ to the air, gives off thick yellow vaj^ours and 
takes fire >inth 8li|^t explosion, diffiising a dense yellow smoke of bismuth-oxide ; fliis 
elfret is best shown by moistening a piece of filtering paper vnth the liquid mid ex* 
posing it to the air. — 3. Faming nitric add decoippp^jliiitrietiij^ with ea^esion sad 
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^Tid e(»nbinitiotL--4. Bistrietliyl burns in chlorinu gu with aepnmtion of olitteouL 
and Ukeo fire in contact with bromine. In general, its reactions resemble those of 
Btibtriethyl (Breed). — 6. Bistriethyl added to solutions of metallic salts (s.^. 
nitrate of silver or oorrosiye sublimate), does not simply throw down the oxide, but k 
itself decomposed. On adding an alcoholic solution of bistriethyl to a not too dilute 
solution of protochloride of mercury, the former being poured slowly and with constant 
stirring into the latter, a very large precipitate of mercurous chloride is imme^ately 
obtained, chloride of bismuth and hydrochloric ether being doubtless formed at the 
same time. But if the process be reversed, and a hot dilute alcoholic solution of eor> 
rosive sublimate be poured in a thin stream and with constant stirring into a dilute 
alcoholic solution of bistriethyl to which a few; drops of hydrochloric acid have been 
added, to prevent separation of oxide of bismuth, no precipitate is formed at first ; but 
after some time, a Dulky precipitate appears, which however is again completely dis- 
solved if the liquid be heated. The reaction is terminated when a drop of the liquid 
no longer produces a white precipitate in a solution of corrosive sublimate ; hr a little 
care, it may be arranged that neither liquid shall predominate. If the liquid be then 
heated on the water-bath till it becomes perfectly clear, separated, if necessi^, from a 
Biiiali quantity of metallic mercury by deeantiition, and then left to cool, li^t, crya- 
talline, silvery, iridescent laminae separate out and gradually fill the whole fiuid. These 
crystals consist of chloride of hydrargrth/l, C‘''U*lig"Cl ; the solution from which they 
are deposit«*d con tains chloride of hiseihgl, (Diin haupt) ; 

+ UUg^'Cl* - 2C*H*Ug"Cl + C^U^BiCl* 

Bistriethyl combines with Bromine^ Iodine, Sutphur, dtc. ; but the 
coiii|>ounda are less stable than those of sUbtriethyL 

Bromide of Bistriethyl appears to be formed when bromine is added to an alcoholie 
mjlution of bistriethyl ; but the solution deposits bismuth when evaporated. 

Iodide of Bistriethyl,— yihan iodine is added to an alcoholic solution of bistriethyl, 
heat is evolved, the colour of the iodine disappears, and iodide of bistriethyl is formed. 
This compound is less stable than iodide of stibtriethyl ; when its alcoholic solution is 
left to itself for a while, iodide of bismuth separates out. (Breed.) 

An iodide having the composition C*H'*Bi*l*, or w obtained by 

adding iodine to a tolerably strong alcoholic solution of bistriethyl, till its coiour [no 
hmgcr ?] disappears, filtering from the pr^ipitate, and adding to tho filtrate a laige 
(piaiitity of water at 40^ C. A small quantity of a ruby-coloured liquid separates ; and 
if the wateiy liquid be poured off from tliis, a large quantity of beautiM red needle- 
sliujicd crystals are formed as it cools ; these must be immediately collected and dried 
in vacuo. The same compound is formed when bistriethyl is left for a considerable 
t ime in contact with dilute nitric acid and then mixed with iodide of potassium. It is 
sjjaringly soluble in water, but dissolves pretty readily in alcohol and ether ; the solu- 
tions have a pale yellow colour. The compound heated on platinum foil gives off 
a strong yellow vapour which takes fire on coming in contact with flame, (Diin- 
haupt.) 

Another iodine-compound, having the formula (C*II*)‘Bi.2C*H*I, is contained in the 
a lx>ve- mentioned ruby-coloured liquid ; but it is veiy instable. (Diinhaupb) 

Sulphide of Bistriethyl, has not been obtained in the separate state. Bistriethyl 
which has been long exposed to the air under water, gives with sulphuietted 
pen, first a yellow, then a brown precipitate, consisting of (C*H*)"BiS.Bi*8*, (Diia- 
haupt) 

BXflanra-SZ&vn. A mineral Bometimes occurring in aeieular or ^piUaiw 
crystallisations, but more generally amorphous, as at Schapbach in Baden ; it is fimna 
also in the cupreous shale of Mansfeld, Thuringia. It is soft and sectile, opaque, with 
metallic lustre and tin-white or greyish colour, subject to tarnish ; firacture qnevea. 
Contains, according to Klaproth a analysis, 27 per cent, bismuth, 33 lead, Ifi silver, 
4*3 iron, 0*9 copper, and 16*3 sulphur. A hismuin^ver from the mine of San Antonio 
near Copaipo, C^hiJi, was found by Domeyko to contain 60*1 per cent, silver, lO'l bin 
luuth, 7'8 copper, 2'8 arsenic, and 19*2 gangoe. It occurs disseminated, and baa CM 
orlmore imperfect clcavaires. and is probably either monometric or rhombohedraL 
(Dana, iL 16.) 

BXSSCVma. Native carbonate of bismutli. See Cabsomatbs. 

a gum resin from Arabia, resembliiuc myiriL (Vaufl^aiig 
Pharm. J. Trans, xil 227.) 

BlBnUL A Inown pigment, eonsisring of the finer parts of wood-aoo^ aepo^ed 
from the grosser washing. As soot of beech-wood is said to yield the beat bMaa, 
(See Urd* Dictionary of Arts, Mam^actures, and Mines, i. 307.) 

BlvvJHBt-BBMMnni jjf^peeuliar volatile oil obtained by di i ti l lli ig bittai» 
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fdmondfi witli water. It was discovered by Martrfes in 1803 ; Stange showed that the ' 
.^mtallised acid which is prodn^d from it is benzoic acid ; Bobiquet^ and Liebig and. 
Wohler explained its formation ; and Liebig and Wohler (1832, Ann, Ch. Phann. 
xxii. 1) first fiillv examined it. It is also obtained from the amygdaliferons parts of 
most Famea and AmygdoXem ; from the leaves of the cherry-lanrel ( Ccramcs lawo- 
cerastes), and of Cerasus padtts, from peach and cherry-keroels, &c. It is possible 
that many of these oils are not identic^, but isomeric, with bitter-almond oil, and that 
it is owing to their presence that different specimens of the commercial oil yield with 
the same reagent such different results. The chief constituent of the oil is hydride of 
benzoyl, alwaya accompanied by hydrocyanic acid and other compounds (see Benzoyl, 
Hybrids of). The oil docs not exist ready-formed in bitter-almonds, but is produced 
by the action of water and a peculiar ferment, emtdsin or synaptase, upon the, 
amygdalin contained in the almonds, which is thereby converted into hydride of ben- 
zoyl,, hydrocyanic acid, and glucose: 

C'®IP’NO" + 21PO = C'H«0 + CNH + 2C«H«0« 

Amygdalin. Hydride Glucose, 

of benzoyl. 

The oil ia thus prepared : Bitter-almonds are crushed, and freed from fixed oil by 
cold pressing, then stirred up to a thin paste with 4 — 6 pts. cold or lukewarm water, 
and the mixture allowed to stand for twenty-four hours before distillation. If dis- 
tilled over the open fire, it is very apt to froth over, unless it is stirred continually; 
for this reason it is best distilled with vapour of water. This maybe done by covering 
the bottom of the still with a thick layer of coarse sand saturated witli water, and 
pouring the alinohd-paste upon it. The frothing may also be avoided by removing . 
most of the solid matter before distilling. The first poi*tion of the distillate is richest iu 
oil, and in hydrocyanic acid also, and is therefore clear; the latter portions, containing 
less hytlrocyaiiic acid, are milky. The distillation ia continued as long as the liquid 
which conics over smells of bitter-almonds ; the oil in the receiver is then separated 
from the w'ater, which, as it contains a good deal of oil in solution, is again distilled, 
when the oil passes over with the first portions of the water. Tiie Edition of chloride 
of sodium facilitates the separation of the oiL 1000 pts. almonds do not yield moro 
tlmn 7 or 8 pts. oil. 

Bitter-almond oil is colourless when freshly prepared, but soon becomes yellow ; it 
has a peculiar strong aromatic smell, besides that of prussic acid, and a burning taste ; 
is heavier than water ; boils at about 180° C., and burns witli a smoky flame. Its poi- 
sonous action is entirely owing to the presence of prussic acid. (For methods of puri- 
fying the oil, see Benzoyl, Hydride of.) 

Bittcr-almond oil was formerly much used in perfumery, but it is now replaced in 
great measure by nitrobenzeiio {essence dc Mirbane). Being an expensive article, it is 
very liable to adulteration, usually with alcohol (which, if added in moderation, does 
not materially affect its smell), light ethereal oils, or nitrobenzene. Light oils, whoso 
smell is masked that of hydride of benzo^d, may be detected by allowing the latter 
to oxidise into benzoic acid by exposure to the air, when the smell of the former be- 
comes evident, or by their effect on the specific gravity of the oil, a method which 
applies to alcohol also. Alcohol may also be detected by agitating the oil with twice 
its volume of nitric acid of specific gravity 1*42 ; with unadulterated oil, no immediate 
action is produced ; but, if 8 — 10 per cent, alcohol be present, red fumes are given off 
with effervescence. By using acid of 1*6 specific gravity, aa little as 3 — 4 per cent, 
alcohol may be detected (Bed wood). A good rea^nt for detecting adulterations is 
a strong solution of an acid sulphite of alkali-metal, v^ch dissolves the pure oil entirely, 
but leaves behind all impurities which are not of the nature of aldehydes. 

Owing principally to the presence of hydrocyanic acid, bitter-almond oil behaves 
with several reagents differently from hydride of benzoyl. By heai and by oxidising 
agents generally, e.g. by nitric acid, it is acted on in the same manner as hydride of 
benzoyl. With sulphuric acid, it yields stilbous acid, and (perhaps) benzoate of hy- 
dride of benzoyl. A mixture of Nordhausen sulphuric acid with bitter-almond oil 
yields, on addition of water, a crystalline body, which presents the properties of man- 
delic arid. Dry chtarine acts upon it as upon hydride of benzoyl ; with moist chlorine 
it forms stilbeeic arid and hensoaU of hyaride of heneoyh To this latter eomponnd, 
whicli is frequently r^rded as identic^ with stilbous arid, Liebig assigtie the for- 
mula <7 2C'H*0 + Bitter-almond oil saturated vnth nwM^^bloriiie 

irolidifles finally' to a ciystalline moss, whi<^ when washed with cold ether, Miras this ' 
compound as a crystalline powder. It ia insoluble in water, alightly soluble in cold 
ether, abundantly in alcohoL When heated, it melts and volaulises undecompoae^ 
Heat^ with alcoholic potash, it yirids potassie'^ benzoate. With hydrochloric it 
yields either hydrocyanate of hymde of bensti^l or mandelic arid. With tMomds if. 
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«^pAw% it yieWs stilbous acid. With aM/pAwfo <(ftmmomum, it yidda hydrida of 
thiobenaoy], hydride of anlphoaobetizoyl^ and aalphydrat© of aaobenaoyl With W?w 
su/pAide of cturbon and ammonia^ it yields sulphocyanobenzylene. With cyi^nitU of * 
potassium, it yields sometimes benzoin, sometimes benzamide. Solid potash converts 
it into benzoic acid ; aqueous or alcoholic potash (especially the latter) into benzoin. 
With ammonia, it yields very various products, according to circumstances ; these are aso* 
benzoide, azobonzoidin, azobenzoyl, bonzamil, benzhydramide, benzoylasotide^ diben- 
zoylimide, hvdrobeazamide, stilbazide. Most of these compounds were discovered by 
Laurent^ and many are very imperfectly known. Barpta^ or Umo-uxUtr converta it 
into benzoin. X. C. 

Birya H ^ AX i M OinD WATBB. a pharmaceutical preparation, employed in 
medicine, consisting of a solution of bit tor-almond oil in water. It is prepared in the 
same manner as bitter-almond oil ; but^ since the water must be of a known strength, 
the quantity of almonds and waiter to be employed and of distilloto to be collected is 
fixed by the pharmacopcDia. Those quantities vary in different pharmacopoeias : in the 
IVussian, 2 lbs. almonds are presstHl and macerated with 10 lbs. water, 4 ozs, alcohol 
iulded, and 2 lbs. of distillate collected. The I\Hrisian pharmacopoeia collects 2 lbs. 
the Saxon 3 lbs. of distillate for each pound of almonds. The addition of alcohol doei 
not seem to have any advantn^jX^** Ilout must be ctirefully avoided in tlic pressure and 
maceration of the almonds. Hit tor-almond water is genenilly a more or loss milky liquid, 
Hinclling and tasting strongly of crude bitter-almond oil ; it dccomp^ws by ex jwsure to the 
siir, nnd must tliei'cforo bo kept in stopjwred bottles completely full. Its strength is very 
uncertain, however closely the pliarmacopojia dirt'ctions are adliered to. It is usually 
valuod by the amount of prussic acid which it contains, which may bo readily deter- 
mined by Liebig’s volumetric* mctliod (see IFyduocyanio Acid, under Cyaxogsm) ;*ihs 
J*russian pharraacojxnia requires it to contain 0*14 percent, prussic aciiL Laurri- teaser, 
pivpured from laurel loaves, and vherrt^-waier from wild cherries, contain the sama 
eDiiytihients as bitter-almond water. The latter may be distinguislied from laurel- 
water by becoming milky iinmcJiatcly on addition of ammonia, an effect which it 
not produced on laurel- water till after some time ; or, according to Lepage, by chloride 
of gchl, wliich gives with both waters a yellow colour, which, in bitter-almond water, 
ilisappears in eight hours, while in liuirel-watcr it remains for twenty-four hours. (J, 
Cli. niM. xxiv. 366.) F. T.O. 

BITTBB FMircznB. Many vegetable substances yield bitter extracts, which 
wore formerly supposed to contain a common constituent^ called Brincipium amarum. 
More exact investigation having shown, however, that many of these vt«getable bitters 
arc definite chemical compounds of very various composition, picric acid and the 
vr getable alkaloids, the term bitter principle is now restrictea to the brown amor- 
I>lious bitter extractive matter obtained from many plants by boiling with water^ 
*n'a|*orating the extract to dryness, exhausting with hyorated alcohol, evaporating; and 
traating the residue with absolute alcohol, wliich dissolves resins,. 6^, and loaves the 
bitter substance lindissolvcd. The products tlius obtained, are noi^ ginarally speaking; 
of doftnile constitution. From some plants, however, more definite bitter principles 
arc obtained, e, g, asbinthin from wormwood, €tloin from aloes, 6tc. 

BXTTBBV. The mother-water which remains after the crystallisation of eommoit 
salt from sea-wator or the water of salt-spring. It contains a considerable quantity 
of sulphate and chloride of magnesium, to which ite bittemees is owing; also mom or 
less bromine and iodine. 

BZTTBB B9JkM iff BBOACBaFAX. Brown^ar, Pt'arl-ipaK ThftNgMn 
Jhtlomilc, Chaiuc carbonatie magnhifkre , — This mineral c^stalliM^s in rhombohedhoni» 
wliich were formerly confounded with those of calcspar, out differ in the angki, tilia , 
primary form being an acute rhombohedron of 106® 18’, and 78® 42' (mean). = The' 
crystals are generally rhom1>ohedroDs B, with more acute or more obtuse itiombohSsdron 
in combination, the base OR and the hexagonal prisms ooB often occurring. The 
rhomb B generally has its faces curved like a saddle ; ^ B is more genemllv mtieular. 
Cleavage parallel to B. Fracture conchoidal, uneven, splinterv, and earmy. Cedovr 
white, gri^iah, or yellow, with a somewhat pearly Instrow Barely tranaparent, but ex- 
mbits van^ deg^s of tnariuoenee down to complete opacity. Hardnesa 8*6 to 4*6. 
^peei^ S'fPty 2*8 to 8*0. Its formula is (Oa ; the ealrium and magnaslnm 

replactiig||||a aimther in any pnxortion, so that it presents all varietiesof composition, 
from thatW eab^r to of magnesite. Iron {/nrroaum) and manganese (mai^- 
oofttm) also ocetir, replacing the other metale in subordinate proportiofis. In »e ststo 
of powder, it dissolves reamly in warm hydrocliloric acid, but in Imiips the arid scales^ 
note upon it Before the Dlowpipe^ dt becomes canstie; but dose wot melt 




liurg, and Danpliiiiy; in Scotland, on the borders of Loch in dyktrite sUla 

jad near Newton Stewart in Ctallowajr, alao in the Me of 7^ bemthe^ 
relation to dolomite, or masaiye magn^ian limestone that aalcapar beam to etmmm 
Itmestone. 


JBJfTTJUUWlUBTit Stipites Dtdeamara, The stems of Solannm JDtthamara 
BlTUJlCUra Thup term inclndes a considerable number of inflammable 
substances, mainly consisting of hydrocarbons. They are of Tipous consistence, from 
thin fluid to solid, but the solid bitumens are for the most-part liquefiable at amodemte 
heat. The purest kind of fluid bitumen, called Naphtha, or JSock-^, is a colourless 
liquid of specific gravity 0*7 to 0*84, and with a bituminous odour. It often occurs in 
nature combined with asphalt and other solid bitumens. Petroleum is a dark-colouied, 
fluid variety containing much naphtha. Maltha or mineral tar is a more viaiid 
variety. The solid bitumens are Asphalt, already described (p. 42d), Mineral fol/bto,. 
or Hatchctin, and Elastic hitumm, Miner^ Caoutchouc or Elaterite. (See the several 
substances in alphabetical order, h^or the practical uses of bitumen, see Ur^aDiethn^ 
arp of Arts, Manufactures and Mines, L 308.) 


BZimT. C*H‘N*Oa (dried at 100<» C.); C'-H»N»0«H'0 (eiystaUised).— A • 
product of the decomposition of urea and nitrate of urea. It is isomeric with 
acid cyunate of ammonium, 2CHNO.NH*, and may bo regarded as a secondszy 

amide, N | ^ whereas urea is a primary amide containing the sams radielsji 

N I * and isomeric with neutral cyanate of ammonium, CHNO.NH*. 

Tiio formation of biuret from urea is represented by the equation 


2CH^N*0 = C-H»N*0» + 

Urea. Biuret. 


To prepare it, urea is melted in an oil-bath for some time at 150^ to 170® C. ; and as 
soon as the evolution of ammonia ceases and the residue becomes pasty, this residue 
is treated with a very small quantity of boiling water ; the liquid, after filtration, 
is precipitated by a solution of subacetato of lead ; tlie precipitate, consisting of cyanu- 
rate and ammelidute of lead, is separated by filtration ; and tlie liquid, after being 
treaty with sulphuretted hydrogen to remove the ejcccss of lead, and again filtered, ia 
evaporated tUl it crystallises. Biuret is then deposited in small grjtnular crystals, 
which may bit purified by recrystalliaation from water. It is also obtained, though 
in small quantity, "by the action of heat upon nitrate of urea. 

Biuret dissolves very easily in water and in alcohol, and ciystaHises from the latter 
liquid in long anhydrous lea^ ciystals, and from water in hydrated crystals, which 
give off their -water of crystallisation when exposed to dry air or dried at 100^ C. It 
dissolves without decomposition in cold strong sulphuric acid, and is not altered by 
boiling with^niti^. arid, unless the acid is very strong. Its solution is not precipitated 
by lead or rilvar ialts, by gallic acid, or by tannin. On adding a few drops of a solu- 
tum of copper telb to a |ip|ution of biuret, and then a slight excess of potash, a deep 
red colour Jp pi^^ced. This reaction takes place also with solutions of biuret in arida 
or in ammep^ and affords a very delicate test of its presence. Biuret when heated, 
melt(|i giTsalijlpFvapdurs of ammonia, and ultimately leaves pure cyanuric acid: 

» 3C*H*N»0* « 2C»H»N»0» + 3NH» 

Pogg. Ann. Ixxit. 67.) 

WpeONT* A colouring matter contained in annotto (the red paste obtained by 
er^lii^^^ of the ^/;ra orellana). According -to Chevreu^ annotto contains 

matters, yiz. oreHin, a yellow dye, solul^ in water and alcohol, but spar* 
inw iB^ 0 ther, and buptn, sm orange-coloured dye, ^ringly soluble in water, easilj in 
a^hol and ether. According to Kemdt^ b'ixin is and when expo^ to the 

air, and in the moUt stale, is^ p&rtly converted into oreUin. According to Preisaer, 
Ann*^Ch. Phaim. Iiiii’d82), bixin is obtained in small slightly yellqwxsh czystalsi, Iv 
treating lumps of ,pure aundtto with carbonate of sodium, precipitating jpiih bane 
-nitrate of lead, decomposiiijg the precipitate with salphuvstted hydrogen, anff evapocat- 
ing the eplourless filtrate, It is bitter, soluble in Walter, iidoohol, and ether, volatile 
when heated, turned yellow by siilphurio and nitric acida, OTange-yellow by Ahwimia 
ariA /i^feated with ammonia in contact with the air, it is converted into a dark red* 
brown substance bue&m, which is the red-colouring matter of anttotto. It combuies 
with lead-axkle and alkalis, and is turned blue by stilphuzi^ arid* (Preisser.) 

Acoording to Girardin (7, Pharm. [3] xxi. 174), tWrm^ budn is amiM 
eommereially to a variety of annotto^. hiding six to ten t£4j||prtiis oolouriog pom^ ^ 
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SAMiUpa A TBiiefy of oaibonftte of uon. See Bum end OAUMmAm. 

B&ACX OXAULt This mineral has a bluiah-bladc colour, a alaty textae, Mill 
the flngen> and is meagre to the touch. It contains about 64 ailica, 11 alumina^ 11 
rarbon, with a little iron and water. It ia found in primitiTe mountains, and also some- 
times near coal formations. It occurs in Caemarronshire and in the island of Isla. 

BULOX JACX. The miners distinguish blende, or mode lead, by this 
It is an ore of zinc. 

BBAOX UBJLD* See Gbaphttb and FlumbAlUO. 

BBAOX WAXB. One of the ores of manganese. 

]iBBXOHIB'nrBw The name of an alkaloid said to exist in C^na bUmceu 

mflMML A kind of crude soda, less powerfbl than barilla, obtained at 
Aiguos-Mortee^ by the incineration of Salaoia Tragua and B* Kali, 

B&AF8 OBTUBAb This insect contains, according to Hornung and Bley (J. 
pr. Cbem. vi. 237), a red colouring matter, fatty and Tolatile oil, ream, formic amd, 
uric acid, chitiu, wax, and other constituents. 


Tlie chemical art by which tlie various articles used for clothing 
are deprived of their natural dark colour and rendered white. 

The oldest method of bleaching, which is still practised in some localities, and for 
particular kinds of goods, especially for hempen and ilaxen goods, consists in extending 
the tissues on the grass of a meadow, so as to expose them for some days to the 
united action of light, air, and water, then washing them in alkaline ley, and repeating 
this series of operations a considerable number of times. 

This mode of bleaching is effective, but slow, and involves a great amount of 
laViour. About 1785, Berthollet pressed the use of chlorine for bleaching vegetable 
tissues; but its introduction met with considerable opposition from manufacturem, 
because the mode of applying it being but imperfectly understood, its action was un- 
rertain, and moreover it was found to iiyure the tissues ; gradually, however, these 
difhcultios have bocn overcome, and the use of chlorine for bleaching cotton goods has 
entirely superseded the old method. Ciiloriiio was first luod in the form of aqueous 
solution ; aftcrwaids solutions of chlorine in caustic alkalis, that is to say, solutions of 
h yfiochlorite of potasNiiim or sodium, the so-called chlorides of potash and S 0 da,isrsre 
used ; but these compounds are now almost entirely superseded by the hg jgt/ t hlofiU of 
vnlchim^ the so-called chloride of lime or bltdching jmoder. This substanes is prepar^ 
on a large scnle by ex|io8ing slaked lime to the action of chlorine gas, whereby a solid 
iiiixtiiro of hypochlorite and chloride of calcium is produced. It is sombls ui water» 
and the solution is used for steeping the goods to bo bleached. By itself it exerts no 
I’loaciiing action whatever; but by exposing the fabrics wetted with it tp^fbe action of 
the carbonic acid in the air, or more quickly by steeping them in a batli cx dilute sul- 
phuric or hydrochloric acid, the salt is decoin|X)8ed, and the Ubs«M;|^ l^yppohlorous 
acitl exerts its bleachitlg action on the tissues. ^ v'-., •; , 

The strength of the chlorine-lic^uor is a matter of great ii 
the liquor, the more rapid will be its action ; but on the other 
the chance of injuiy to the goods. In practice it ia not found salb 
marking more than 2® or 3® of Baum4's hydrometer, or 0*6® of Twiada] 
to specific gravity 1002*5; and even this must bo carefully remdl^ed ' 
washing, and in some cases by the use of hyposulphite of s(^um or qI 
(Sec Antichlor.) 

Wool and silk are for the most part blewhed with^ sulphurous 
the hypochlorites being found t» exert an injurious action upon them. ^ 

The rationale of bleaching ia not thoroughly understood^ but the niostj^tlll^^fypl^ 
nation of the action is, that it is due in all esses to oxygen iiTtbe peenfisir ietm ifaill 
called ozone. That active oxygen does possess this bleaching. poww is well-ktaown,; 
^vitneas the action of peroxide of hydrogen on Vegetable coIoiUik^Kosr in ths Udd 
method of Itleaching by exposure, light is an essential ^ ^ol oh i e ai fy the iaetioi^ tits 
bleacliiji|( tdung place muchjnore quickly in sunshine than * dtouded ily; But 

^honbeiii*s investigatioiis shown that ordijuury atooi^hsric oatygan passes 

into the active state under the influence of light and moisture. Chlorine ah^^ 
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tin contact with it into the aotivs statst hence also rae 
be di!e >to midatic^ SoBBrima^ howeret* the 



im bleaching; 

flulphorons acid appears to nuite dizactlj with the coloimi^ matter of the tisstie to 
form a colourless compound. 

The actual process of bleaching by means of chlorine or sulphurous acid is always 
preceded or accompanied by certain cleansing operations, consisting in washing with 
water, and boiling with alkaline leys or soap, the object of which is to remoye ie« 
sinous, fatty, and other impurities, either natural to the fibre or introduced accident* 
ally or intentionally m the course of manufketure. All these substances impair the 
whiteness of the fabric, ^d often interfere greatly with the processes of dyeing and 
printing. Indeed, their removal by the means above mentioned, constitutes a vsiy 
important part of the bleaching process, a lai^e portion of the colouring matter being 
got rid of at the same time, so that the chlorine or sulplmrous acid serves to give only 
the last finish. Cotton and linen goods are cleansed by washing with water and 
boiling with alkaline ' leys : formerly potash and soda were used for the purpose, but 
they are now nearly superseded by bme, at least for the first cleansing, as this sub- 
stance, besides being much cheaper than the alkalis, is less likely to iz\|ure the fabric. 
Silk and wool are cleansed by scouring or boiling with water anti soap, as they cannoi 
bear the action of pure alkaline solutions. 

BUaching of Cotton. — The series of operations in the bleaching of cotton, may be 
thus generally described : 

1. Boiling, OP as it is technically called bucking or howhincf, with milk of lime (11b. 
of lime to 14 lbs. of cloth, and about as much water as will cover the cloth). This 
operation converts the resinous and fatty matters into lime-soaps, 

2. Washing with water, in the dash-wheel, or other suitable machine, to remove 
the excess of lime and various soluble and mechanical impurities introduced in the 
process of manufacture. 

3. Souring in hydrochloric acid of specific i^avity 1*010 or 2® Twaddle^ to decom- 
pose the lime-soaps^ and remove the lime. Dilute sulphuric acid is sometimes used, 
but hydrochloric acid is preferable, as chloride of calcium is much more soluble than 
the sulphate. 

4. Washing again to remove excess of acid. 

6. Bowking with a solution of soda-ash and resin (170 lbs. soda-ash, and 30 lbs. 
resin, to 3500 lbs. of cloth, and about the same quantity of water as in the lime- 
process). An imperfect soap is thus produced, which removes the rest of the fatty 
matter and dirt 

6. Washing, and then immersing the cloth in the chlorine-bath ; this is called chlor* 
inating or cneinicking. The solution, which should be quite clear, has a specific 
gravity of 1002*5 or Twaddle. 

7: Souring in hydrochloric or sulphuric acid of 2° Twaddle, to set free the hypo- 
chlorous iicid ; then washing and drying. 

The strength of the various liquors must be regulated according to the quality of 
the goods to be bleached, and the maimer in which the operations are conducted: 
the preceding proportions^ of lime^ soda, resin, &c. are given merely us examples. Some- 
times carbonate of soda is used in the cleansing operations, sometimes a mixture of 
soda-ash and quick lime, which of course produces caustic soda. It is often found 
advantageous to perform the souring and chlorinating in two successive operations, the 
poods being washed between toe two. This treatment is found to be less likely to 
injure the fibre than lonp^continued exposure to the action of the liquid in one opera- 
tion.^ In all thb operations, it is important to keep the cloth completely immersed in 
the liquid, and never to leave it exposed to too air before washing ; because toe acid 
or aU^ine liquids, if allowed to become concentrated on it by drying, are sore to 
destroy^the fibre. 

Bleaching of Linen. — lanen contains a much larger quantity of colouring matter 
than cotton, and in bleaching loses nearly a third of its weight, where|a cotton looei 
only one-Wentietb. This large amount of colouring mattOT is not natuiM to the flax, 
but is chiefly produced in the ox>eration of steeping or by whie|k 

textile fibres aurrounding toe stem of the plant are separated foom IKX# 
portion. , ; ^ 

The colouring matter of steeped flax is insolulde in water, acids, and 
becomes soluble^ alkalis after exposure to light or to the action of chloiuMU: 
nilfy peaking, not found advantageous to rely on the action of cUorine aloMW'; tXifi 
bl e a chin g of unen ; the old method of exposure on the grass, — crofting^ as it 
being almost always Msort^ to in addinon. Moreover, it is not found posm^fe 
rid of the oolonir^ entirely in one senes of operations, several alternate e xp os u ice to 
ox^l^gen or chlorine and to alkali being i^uired to rendn the materiar petfoeCI^ 
white. 

The fifilowing is an outline of the Irish method, as practised in the neigbbo o rfiiOod 
of Belfast: 
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1. Steeping. After the linen has been ecoored in the ftiUing-mill, warm water ii 
Tvnired upon it> and it is left immexsed for two or three days, till add fennentatioa 
iL'ta in.— 2. Boiling with potaahdey, eoda-ley, or lime-water. — 3. Washing. — 4. CrtfU 
ing or exposure on the grass for two or three days.-— 2', 3\ 4'. The bowluDg, washing 
and crofting are repeated several times, six repetitions sufficing for the finer lin en s, 
juid as many as twelve bein^ sometimes requi^ for the coarser. — 5. &>urtn^ with 
hydrochloric- or solphuric-aeid of 2® Twaddle, — 6. Washing, as in 3. — 7. Soaping, that 
iis rubbing with solid soap or with very strong soap-suds. — 8. Boiling in alkaHne-ley of 
al>out I per cent, — 9. Washing, as in 3 and 6. — 10. Crofting for two days. — 11, Ghlo- 
rinsting with a solution of hypochlorite of potassium, prepared by treating common 
Itlcachiiig powder with carbonate of potash. The fii^uor used is very weak.— 
12 . Washing, as in 3 and 6. — 13. Souring, as in 6, but with somewhat weaker acid. — 
14 . Washing. — 16. Soaping, as in 7. — 16. Scalding, by immersing the cloth in soap- 
mkIs mixed with a little potash-ley of B., and heating the l^uid to filing.— 
17 . Washing. — 18. Crofting. — 10. Washing and drying. 

Jiltochhtg of SUk , — Raw silk contains, besides tJie true fibre, about 40 per eent. of 
foreign matter, viz. albumin, gidutinous substances, wax, fat, rosin, ana colouring 
matter. These substances aro removed by boiling the silk in a strong stdutkm of 
then washing and rinaing. The silk after tJiis treatment, is nearly white, but 
to render it quite white, it is sulphured, that is to say, suspended in tho moist 
htiite in a largo box in which sulphur is burned. About lib. of sulphur is required 
for 20 lbs. of silk, and to obtain perfect whiteness, about four sulphurings, of twelve 
to sixteen hours each, are required. 

As the silk loses considerably in weight, when cleansed in the manner above de- 
ht ribed, it is sometimes thought better to subject raw silk to the bleaching process 
without previous cleansing. For this purpose, a bath is used eonii> 08 ed of 7 pts. hydro- 
chloric acid and 3 pts. nitric acid, sometimes with addition of sulphurio acid, the 
li(juid being diluted with water to 3^ Bm. In this mixture, tho skeins of silk oro 
huspcnded, and repeatedly moved about for two or three hours, then wrung, twice 
was}te<l, and afterwards sulphured. Sometimes the bleaching in the acid mixture is 
prcccxled by softening in a soap-bath ; sometimes this softening procetM is made to 
inUTveno between the acid bath and the sulplniriiig. 

Ubfichinq of Wool , — Wool is never bleached in tho fleece, because its whiteness 
would be (Jestroyed in the subsequent operations of spinning and weaving; tho bleach- 
ing is, therefore, always performed on tho yarn or on tho woven fabric. A consider- 
able ]M>rtioD of the dirt which adheres to tho wool while on tho animal, is removed 


by tlie wiiNhing whicli precedes shearing; this washing also removes tho sweat, which 
is a kind of soap, chiefly composed of fatty matter and jiotaali. But there still remains 
a quantity of freo fat, which is generally removed by stocking and agitating it for ten 
or fifteen miimtes in soap and water, or soda-ley, sometimes in putrid unne diluted 
with two or three measures of water, sometimes oven in pure water. To prepare tho 
w<jol for spinning, it is then greased with oil, as, without this pi'eparation, it would bo 
too harsh and very liable to tear. The grease thus added must of course be removed 
in the substKjucnt bleaching process. The treatment consists in passing the wool 
tlimngh a soda-bath, then through a soap-bath, washin^^ in lukewarm Water* end 
suspension in the sulphur chamber, this series of oiH‘rations bcin|^ repeated levoral 
tinioH, and finally passing the bleached wool ihrotigh a Iduo-batli, whieh la a very weak 
mdution of soap containing hydrate of alumina and indigo. The sulidminBg ia aona- 
timos omitted, and tho cleansing is effected entirely by ammonia. „ 

lllinching of materiaJ a for Taper . — Tlie roj^ used for making paper are bleached in 
the wme manner as cotton goods. After being properly sorted and chopp^ or torti' 
in pieces, they are bowked with lime-water, sour^, washed in tho lag-engin^ Irhich 
^ a combined washing machine and filter, then chlorinated, soured, and WM i h ad 
again, and finally treated with a solution of hyposulphite of sodium to remove the la^ 
traces, of chloiiniw (See Amuchlob.) 

** For bleaching old paper: Boil tne printed paper for an instant tn a aelstionieC 
eaustiCsoda. Steep it in soap-suds, and then wash it; after which it may be^redaOiAto 
pulp. The aoep may be omitted without much inconveniences — old writtan pimer 


to be worked up again : Steep it in water acidulated with aulpliNiliau^^ and then 
Wash it well bemre it is taken to the milL If the water be heata^^ will be more 
efifectuaL -—To bleach printed paper without destroying its texture: 8te^ the leaves 
a caustic solution sods* riwer hot or cold, and then in a solution of soap. 
AmoM them altmnately between doths, as paper-makers do thin sheets of pspev 
when ddiveind from the Ibxni, and suHect them to the press. If one opeiadim ao not 
*T7^®*‘.tliem aolBciently white, it may bo repeated aa often as necesssiy. — To "{ea^ 
^ py^tar without destoying ita te:i^re ; Ste^ the paper in iwer aoidnmiw 
hot or odd, and then in a solution of oxygena^ ^ 


; will be more 
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odd; after which Immerse it in water, so that some of tho acid maj remain 
The pa^r, wlien pressed and dried, is fit for use.” Ure, 

The washing of straw is efiEhcted by steeping it in hot water, beating it repeatedly 
during sevend days, and immersing it in weak solution of chloride of lime or of soda, 
alternately with weak alkaline leys. 

Bleaching of Horse-hair * — White horse>hair requires further bleaching to adapt it to 
many purposes. The process consists in washing it in soda-solutions, not too strong, 
and at the heat of the nand, then hanging it up in the sulphur-chamber, and repeatuS 
these processes several times. 

[For further details, see Dictionarg of Arts^ i. 318, also MuspreUt's Chemistry. 
1. 299.] 

BXiaACBxaro-FOWSnt. See Hypochlobitbs, under CnLOBiitB. 

B&snrXBBZTB. Basic Antimonate of Lead (i. 326). 

B&BSrBB. Native Sulphidb of Ziko. (See Zinc.) 

B&OBZTB. Probably the same as Astbacanitb (i. 429). 

BBOOB. The blood of the higher animals forms a rather viscous opaque liquid, 
heavier than water, and of more or less intense red colour, arterial blood being always 
lighter than venous. It is transparent in very thin stratfi. The specific gravity of 
normal human blood averages about 1*035; it is slightly less in women than in men, 
and still less in children. The specific gravity of arterial blood is rather less than 
that of venous. The blood of most domestic animals differs but little in specific 
gravity from that of man (specific gnivity of bullock’s bloo^l =» 1*060; of sheep's 
•• between 1*050 and 1*058). The blooil has always an alkaline reaction. When 
warm it has a peculiar odour, generally more powerful in the male than in the 
female. 

From two to five minutes after the blood hns left the circulation, it begins to coagu^ 
late^ a film gradually extending from the surface and circumference, so that the whole 
becomes gelatinous in the course of from seven to fourteen minutea The coagulum 
(fibrin and hlood-corpuscuXes) then gradually contracts and separates from the watery 
portion of the blood (serum ') ; and in from twelve to forty hours, the blood is complefely 
resolved into serum and thick red clots, which swim beneath it. The blood of men 
coagulates more slowly, but yields a denser coagulum than that of women ; in the 
embryo it coagulates imperfectly. Arterial blood coagulates more rapidly than 
venous. The presence of air and a rise of temperature promote coagulation; cold 
retards it. 

The constituents of blood are partly in solution and partly suspended (blood-cor- 
puscules). Swammerdam, in 1664, first observed corpuscules in the blood of the frog ; 
he described them as oval. Lee uwen hoek (Phil. Tnins. 1664, p. 23) found that human 
blood consisted of round bodies swimming in an opaline liquid, and that the colouring 
matter of the blood of mammalia, fish, and frogs was contained in these corpuscules, 
which were round in men, oxen, sheep, and rabbits, but oval in birds, frogs and fish. 
Later observers discovered that all blood-corpuscules are flattened. The coloured 
co^uscules consist of a colourless enevelope, the contents of which are red, or by trans- 
mitted light yellow, and each is sliglitly depressed and concave in the centra In 
general they do not possess any nucleus, and only a few of them exhibit something 
approaching to one. The size of the red corpuscules varies considerably in 
animals, the smallest being found in the blood of the Moschue javanicus, and having a 
diameter of 0*00208 mm. (Gulliver), and the largest in that of the Crgptamncl^ 
japonicue (0*05623 mm. broad, and 0*0333 mm. long, V. d. Hoeven).-^ The human 
coipuflcules have a diameter of 0*00752 mm., those of the carnivora betwgn A 
and ^ mm. and their thickness is generally ^ or 4 of their diameter. 
corpuscules of embiyos are larger than those of the grown up animals of the sams 
spaoies. Milne-Edwards asserts that the size of the corpuscules is closely connec^d: 

the size of the organs of respiration. To prevent their shrinking up duxftig 
ttetnjmrement, C. Schmidt moistens a glass plate with an exceedingly thin layer of the 
blood to be examined, so that it dries up immediately. The coipuscules^ thus adhere 
by their fiat sides to glass, and remain of this same size when the serum has ^ed 
up. The blood of difiTerent animals may firequently be distingaished under the inicxo* 
soone by the size of the corpuscules. 

According to Schmidt, the specific mvity of the blood-corpuscules of a healthy ulsn 
varies between 1*0885 and 1*0889 ; in cholera it sometimes increases to 1*1025 os 
1*1027. The red corpuscules sink in ^e serum ; they are generally equally eblouied; 
a few, however, are sometimes darker, sometimes lighter than normm eorpusciilesi 
diflbi^ee in colour is dependent upon the absolute amount of ftie oon* 



BLOOD. 


Mflcnldi tih« pfO(MMrtioii of which rdata^ to the serum infloeiicefe the cenevsl colour of 
^le^blood. The form of the ooziwBcuIes also afiects the colour of the Uood, fat if these 
be swollen by addition of water, they become more spherical, and the blood ai^>ears of 
a darker colour, Mulder supposes that the bright colour of arterial blood is due to the 
greater thickness of the enveloping membrane of the corpuscules. Nasse states that 
by the action of carbonic acid gas, the cells become darker in colour and turbid in the 
centre. All substances such as caustic alkalis, and several organic acids, which burst 
the corpuscules, or otherwise liberate their contents, turn tlie blood dark brownish^red, 
while those, such as nitrate and iodide of potassium, phosphate and carbonate of 
aodium, &c. which contract and so thicken the external membrane, render the blood 
of a lighter colour. 

The average proportion by weight of tnoist blood corpuscules in a healthy man m 
51 •2 % (47*2—64*2 %). According to Vierordt, 1 cubic millimetre of blood contains 
6,066,000 corpuscules. The amount of diy corpuscules in the blood of man is variously 
given » 12*9% (Privost and Dumas), 14*1 (13‘1 — 16*2%) (Becquerel and 
Uodicr), 11*06 (Nasso). The blood of women contains fewer coipuacules than that 
of men, amounting to 36*924 % moist corpuscules (0. Schmidt), and 12*72 d^ (11*3— 
13'7d%) (Becquerel audKodier). The blood of raiddlo-om^ men and animals con- 
tains more corpuscules than that of older or younger individuals of the same species. 
The amount of coimusculca also varies in the blood of different animals, that of birds 
containing most, that of the camiToi*ou8 and herbivorous mammalia less, and that of 
cold-blooded animals by far the least, as will be seen from the following table, in which 
the jierctnt{tfft'S of dry corpuscules are given : 


Chirken. 

15-71 (Pr.and Du.) 
I t *4 6 (Nasse.) 

16 00 (Poggiale.) 


Dog. 

12 38 (Pr. and Du.) 
12*38 (Nasse.) 

12*60 (Poggide.) 


PIseon. 

15*67 (^. and Du.) 
14*30 (Poggiale.) 


Frog. 

6*90 (Pr. and Du.) 
4*68 (Berthold.) 


Ox. 

9*70 (AndraL) 
12*18 (Nasse.) 
12*30 (Poggiale.) 


Ed. 

6*00 (Pr. and Du.) 


Sheep. 

9*36 (Pr. and Du.) 
0*80 (Andral.) 

9*24 (Nasse.) 

10*20 (PoggisJe.) 

Carp. 

8*23 (Berthold) 


The proportion of corpuscules in the blood of different vessels also varies. In general, 
arterial blood contains fewer corpuscules than venous, tlie blood of the portal vein 
fewer than that of the jugular vein, while that of the hepatic vein contains fur more 
tlian that of the portal vein, jugular veins, vena cavm or splenic vein (Lehmann). 
]/<4inianii found 56*662 % moist corpuscules in the arterial blood of a horse, 48*996 in 
jugular blood, 66*688 in that of the vena cava. 

Insufficient nourishment and long abstinence, os well as repeated blood-letting, 
diminish the quantity of blood-corpusculcs ; the amount increases if la^e quantities 
of fut are taken in the food It is also influenced by disease, a constant increase being 
obKcrvcd in plethora, in the earlier stages of hcart'diseuse, in spinal irritation, ana 
ill cholera. Decrease occurs in all cases where tlie consumption of blood is greater than 
the supply, e.y. diarrheea, intermittent fever, affections of the brain, and chlorosis 
(8*613 %Beequerel and Bodier). The percentage of water in the corpuscules bears 
a pretty constant relation to that of the serum, so that when the amount of water 
decreases in the serum, it also decreases in the corpuscules. 

Co/ourltst blcod-corpuscules are always present in blood, but at least in the case of the 
Warm-blooded animals, in much smaller quantity than the coloured corpuscules. They 
arc genemlly^lJmost spherical, but sometimes lenticular ; they have a granulated enve- 
lope, and geMally a round nucleus, which is more rarely oval or kidiify-shaped, and 
Biroiig1y,^fhictB light : sometimes it is formed of several small nuclei grouped together. 
They m identical with the lymph- and chyle-coipuscoles, and do not differ mndk 
from the pus- and mucus-oorpuscules. They are unelastic, and their envelope is iO 
yisoous that the coimuflciiles readily adhere to one another. They circulate bsM rajijBy 
in the blood than the ooloored corpuscules. and contain an albuminous liquid hofeng 
very minute granules in suspension. Dilate acetie acid gradually dimlves the ex- 
ternal membrane. In human blood they measarn 0*01128 mm. in diameter. They 
arc speciileally lighter than the red corpuscules, since they contain rooro flit and no 
ha;matin. In healthy blood they bear to the red corpuscules the ratio of 1 : 1*873 
niiinders and Molesehott); die number increases during digestion and diminisbea 
by fasting; the increase commending thirty minutes after partaking of food, and lasnng 
two houva They increase in eertatn diseases, freqnentiy in pneumonia snd tnby » 
culosia. In leuchsemia this increase often mnounts to one-fbnrth of the blood-cor|iUS- 
^'des. Tfae.i^leiuc blood contains large quantities of coloarleM corpnsclei^ aboiii oii% 
or <eiie-tiiud . of 1i)ie total amount of oorposmles. 
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the question 
mifl^ ■ 


Free Gai. 

O. 

N. 

Fre. CO». 

Tout. 

co«. 

Total 

Ga*. 

20-88 

12*43 

2*83 

5*62 

28*61 

34*23 

49*49 

25*50 

14*29 

5*04 

6 17 

28*58 

34*75 

64*08 


BW.— — A 0 ccuJjr no *vi^, w uioauxTeil la DiO^ 

estion was finally set at rest by the expenments x^f M^qb. The 
x«ovvt bj Lagrange to Lavoisier^s theoiy, that if combustion took place oalylirt 
Jungs, the other parts of the body would have a lower temperature, led him tes^p^ 
that the blood merely disBolred the inhaled otygen, and afterwards distribu^ it 
throughout the ayatem, Fourcroy was, however, of opinion that combustion took 
pla^ principally in the lungs, and that only a part of the osygen was dissolved by 
file blo^. Davy remarked that blood in contact with oxygen absorbs a certain 
quantity of the gas, giving off carbonic add in exchange, and Nasse observed that 
blood in an atmosphere of hydrogen evolved carbonic acid. It has also been remarked 
that in an atmoi^hero of nitrogen, arterial blood evolves oxygen, but not Tenous 
blood. Mayow, .Vogel, and others, obtained carbonic acid from the blood by means 
of the air-pump. Magnus also used the air-pump in his experiments, Imt collected 
the gas unaer mercury, and found the gases in arterial blood to consist of 14 5 % N 
62fi% CO* and 23-2% O, in venous, 131% N, 71-6% CO*, and 15*3% O. L. Meyer 
undextook a series of experiments on the gases of blood, under tlie guidance of Bunsen. 
The blood was diluted with ten times its bulk of water, and the gases were collected by 
boiling the liquid in vacuo at a very gentle heat : the free gases were tKus obtainwl 
A few crystals of tartaric acid were then added, and the blood again boiled, when*by 
the combined gas was liberated. The following table contains the quantities of gases 
(at 0® and 0*760m.) in 100 vols. of blood. 

Art, CaroU (Bog) (1) 

»♦ 11 »» ( 2 ) 

Blood at 0° and 1 met. absorbs 1*151 vol. carbonic acid, besides 0*481 independentlj 
of the pressure (combined CO*). Befibrinated calfs blood, free from air, absorbs 
under different pressures the same amount of oxygen (9*3% vol. at 0® and 0*760 m.) 
Serum absorbs a much smaller proportion of gases than defibrinated blood. The red 
colouring matter absorbs a considerable quantity of oxygen, and evolves a little car- 
bonic acid. G, Harley found that blood, or defibrinated blood, absorbed oxygen when 
shaken up with air, and evolved carbonic acid, but in less quantity than corresponded 
to the oxygen absorbed. 

It is oifiScult to explain satisfactorily why blood should absorb so much more 
carbonic acid than pure water at the same temperature ; it is perhaps jpartly owing to 
the neutral alkaline carbonate in blood forming acid carbonate, but this does not account 
for all the carbonic acid absorbed. Liebig has remarked that water containing 1 % 
phosphate of sodium absorbs twice as much carbonic acid as pure water, while water 
containing 15 % chloride of sodium only takes up half as mucli. It is also supposed 
that oxygen, of which blood absorbs from 10 to 13% of its vol., and water only 
0*925 %, combines in a loose way with blood, like nitric oxide with ferrous sulphate, 
since the vol. of gas absorbed does not increaso proportionally with the pressure 
(Liebig). It has also been shown that part of the oxygen thus taken up by blood 
cannot again be separated. (See Oashs, Ausobptiox'of.) 

Constituents of the coloured hlood-corpusculvs. — BefTielius has shown that 
the coloured corpuscules contain an albuminous substance {globulin) ^fiTenng from 
albumin. Schmidt separated the corpuscules by means of sulphate of sodium, and 
found them to contain 87*59 globulin and 12*31 % hfcmatin, Mulder considers the 
outer membrane of the corpuscules to be binoxido of protein, a hy'pothetical substance ; 
others have taken it for fibrin. Its composition docs not appear to be fixed, sihee the 
membrane of diflTerent corpuscules is variously affected by the same reagents. 

Bloodrcrystals ; HtBmatocrg8taUin,—0. Funke first conmletely investigated the 
iure of the ciystallino substance of the red corpuscles, Funke and Kunde obtain tbs 
ciystals by adding to ti drop of blood, water, ether, alcohol, or chloroform, allowing 
the mixture to dry slightly on a glow plate, and then covering the whole with a 
glass cover. Lehmann passes a slow stream of oxygen or nitrous oxide for about 
Mte^ luinutes into a mixture of blood and water, and afterwards carbonio metd, till 
the liquid turns bright red and becomes turbid, whereupon it crystallises. WhM n 
conuderable quantity of blood is to be operated upon, it is best to leave it to coagulate, 
press the clot to remove the serum, cut it in pieces, and wash it on a linen filter with 
water till the filtered liquid amounts to about Ij times or twice the volume of the 
water used. The liquid is thmi to be poured into a glass cyhuder, osiygen gas 
into it^ fay abont balf an hour, and then carbonic acid for ten or fifteen minutes, sftef 
which it is left at rest. If no crystals form after about two hours, the liquid vaatt bo 
mixed with | of its volume of alconol (Lehmann). Light promotes the crjstallisaiioiW - 
which is not caused by evaporation of water, since Mood wU} ciystslhse ss 
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with twice iti TnhnoM of wster as with only half thot quaatitj. It eaimot he doilbtc4 
that both oxygen and carbonic add, by their chemical action on the contenta of the 
rorpueealee, are instrumental in the formation of the ciystals. The form of the 
crystals Taries in the blood of different animals; those obtained firom the blood of 
men, most mammalia^ and Bsh, form prisms; from the rat, mouse, and guinea»pig^ 
tctrahe^ns ; from the squirrel, hexagonal tablets ; and fW>m the German marmot, 
rhombobedrons (of about 120°), or very thin hexagonal plates The tetrafae* 
dml crystals dissolve with peach-blossom-colour in 600 pts, of water, the 
niatie with dark-red colour in 64 ^ts. water. Kitrio acid turns the almost 

liliiok, but dissolves them on warming, and acquires a yellow colour. Their solution 
is decolorised by chlorine, wliieh prcjpitates white flakes ; it is turned dark brownish- 
red by carbonic oxide, and renderea turbid and brownish-red by nitrogen. The 
same sized crystals from the same blood often differ in intensity of colour and have 
probably not always the same composition. They seem to bo an albuminous substance. 

The solution of the tetnibcdral crystals coagulutos at about 63^ C., that of tiie pris- 
matic crystals between 64^ and 66^. The crystals exhibit, according to Lehmann’s 
analysis, the percentage composition of the albuminoids : 


Carbon . 


. 66*41 

66*24 

65*18 

Hydrogen 


. 7*08 

712 

7*14 

Nitrogen 


. 17*27 

17*31 

16*40 

Sulphur 


. 0*26 

0*21 

026 

Oxygon 


. 19*99 

2512 

20*03 



100*00 

100*00 

100*00 


HifMatin is peculiar to the blood-corpuscules of vertebrate animals, and in some way 
combined with the remaining albuminous contents of the cori>u8cules. It is obtained 
os an amorphous blackish-brown substance, by treating the corpuscules with sulphate 
of scHlium, extracting the residue with alcohol containing sulplmrio acid, and treating 
with ammonia, water, alcohol, and ether. It is insoluble in water, alcohol, ether, 
acetic ether, and oils, both fat and volatile, but readilv soluble in alcohol containing 
sulphuric or hydrochloric acid. It is not dissolved oy concentrated mineral acids. 
Aqueous or alcoholic solutions of alkalis or their carbonates dissolve hiematin in all 
proportions. A sulphuric acid solution of haimatin which has been turned red by 
addition of alkali, exhibits dichroism, appearing green by transmitted and red by 
rellecteil light. If hosmatin be allowed to stand in contact with pure concentrated sul- 
plitiric acid, it may be obtained perfectly free from iron, without suffering any peroeptible 
ehaiigo in its properties. Berzelius found in the dry blood corpuscules of men and 
oxen 0*38% metallic iron, and since Mulder has found 6‘64% iron in liBematin, the 
coqmscuJes would contain 6-72 % hneraatin, and the blood 0732%, Becquerel and 
Ibxlior found in blood, 0 0566 % iron, and 147 1% corpuscules, which would give 
6*(i*2 pts. lia^matin to every 100 pts, corpuscules. In disease, the proporf ion of bssmatin 
to the whole blood probably varies with the corpuscules. It is not known whether 
there is a fixed relation between hiematin and the albuminoid of the corpuscules, 
hi uliler assigns to it the formula The arterial blood of the horse contains 

riithrr less ha*raaitin than that of the outer jugular vein ; the corpuscules of the liver- 
blood contain far less than ^ose of the wna porta. The proportion of iron to dry 
corpuscules in arterial blood « 1 : 394 ; in that of the juguUr vein 1 : 890; of the 
ve^ porta 1 : 312 ; of the liver 1 : 600 (Lehmann.) Po^ale found 0*126 % ferric 
oxide in human blood, in that of the ox 0*126, calf O’lll, dog 0*146, sheep 0*106, chicken 
0073. 


A substance called hofmatcadinhas been observed in blood extravasated in the tissues 
of living animals. It is sometimes amorphous, iu grains and little g^bnles ; tome- 
litnoe in eiystals belonging to the monoclinic ^stem. It is transporenti stropglv 
n^ractiog^ yellowish-red or ruby-red, insoluble in water, alcohol, ether, a^ic acia, 
end dilate mineral acids. It generally turns ardent red on addition of potash, 
pradoally disintegrates, and splits up into red granules, which gradually dissolve, 
1'he haematoidin is not reprecipitated by neutralising the alkali. By the action of con- 
eontrated sulphuric acid, the sharp contour of the crystals vanishes, and the colour of 
the round concretions first turns brownish-red, then green, blue, uid ros^ and finslly 
yellow. In the liquid, iron may sometimes be detected, but not always^ A0» 
cording to Robin, its fonnnla is 

The natnie of *ltA nuclei whieh sometimes occur iu the cmpnscules is unknown# 

A considerable qnanlity of the /ut of blood occurs in the corpuscules, nearly fim 
whole of the oo-ealled pboonlioriaed fets being contsined thereiii. l^hmann fetuid 
2-214 and 2*284% fiit mundiy corpuscules finom buUoelc'j blood. The ethemt 
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extract of these corpuscales yielded 22 % acid ash, consistiiig of acid phos^ihate of 
sodium, from which it is probable that phosphoglyceric acid is contain^ in the cop^ 
puBColes. The corpuscules in the blood of different vessels do not contain the same 
amount of fat. In the moist corpuscules of the carotid arteiy of the horse, were found 
0*608 % fat ; in the external jugular vein 0*662 % ; in the vena TOrta 0*762 ; in liver- 
blood 0*684. Dry corpuscules separated from arterial blood by sxuphate of sodium con- 
tained 1*842 % fat ; from venous blood 3*695 %. 

The solid constituents of the corpuscules contain rather less than 6% extractivB 
mattery the nature of which is unknown. They also contain a free op loosely com- 
bined nitxogenised organic acid. 

Moist corpuscules contain on the average 68*8 % water (Lehmann). Tiding into 
account the amount of serum enclosed in the coagulum, the corpuscules contain a much 
smaller proportion of soluble salts than the serum. It will be seen from the analyses by 
Schmidt (p. 611), which are the most trustworthy, that the corpuscules contam prin- 
cipally phosphates and potassium salts, and, in smaller quantity, chlorine, sulphuric 
acid, soda, aiid earths, while the serum contains proportionally less chloride of potassium 
and phosphate of sodium, and more chloride of sodium, sulphuric acid and eiurths. In 
man the moist corpuscules contain 0*7282 % salts. The blood of those animals which 
contained most corpuscules also contains most alkaline phosphates (Nasse). The 
corpuscules contain less earthy phosphates than the serum. Iron belongs almost 
exclusively to the red corpuscules (hsematin). Clear serum contains no iron. (Nasse 
and Schmidt), 

Fibrin, — As already stated, the spontaneous coagulation of the blood is caused 
by the separation of the fibrin, which at the same time encloses all the coipuscules 
and a portion of the serum. As soon as the blood has left the body, a film.gathers 
on the surface of the liquid, extending in the form of a star, from the sidj^s of the 
vessel towards the centre ; a dot, adhering to the sides of the vessel, thep forms. 
Often, within two minutes after the’ blood has been collected, it become*' viscid 
and gelatinous, and after a time a few drops of liquid, gradually increasing in quantity, 
separate from the jelly, till the coagulum swims in tlie serum. Accordinff to circum*; 
stances the coagulum is more or less contracted, consistent, viscous, ana elastic. If 
the coagulation be observed under the microscope, exceedingly fine straig&t threads 
will be seen to shoot out from various points between the corpuscules, and, gradually, 
increasing in length, to cross one another, so that finally the whole forme a network 
enclosing the corpuscules. If the amount of fibrin is small in comparison to the cor- 
pussizlcs, the coagulum is comparatively light; denser, on the contrary, when the amdant 
of fikpun is laigo. A large quantity of water diminishes the consistence of the congulnm. 
Various salts have the property of retarding or entirely preventing the coagulation of 
JUood. The alkalis and their carbonates and acetates have this effect, and father 
' itripig. solutions of nitrate of potassium, nitrate of calcium, and chloride of am* 
^^iobninm in a less degree. Most dilute acids lOso maintain the fluidity of blood, though 
render it rather more viscous. The venous blootl of a healthy man contains 
■ between 0*203 and 0*263% fibrin (Scherer), 0*220 (average, Becquerel and 
Rod ier), 0*260 % (Denis). Arterial blood contains more fibrin than venous. (See 
FiBaiN.) 

Constituents of the Serum, — The average specific gravity of serum ■■ 1*028 ; itis 
:4 ms variable than the specific gravity of blood. The amount of water in the serum 
^ between 88 and. 85*8%, avera^u^ 90*5 or 90*8% (Nasse'). "Women! s blood 

» contains more water than that, of men. According to C. Shmidt, the serum of man 
contains 90*884% water, and that of woman 91*716; and, according to Nasse, the 
scrum of pregnant women is more aqueous than of others. At an advanced age, the 
amount of wi^r increases considerably. The following table contains the percentages 
of water in serum of different animals 

Ox. Sheep. Dog. Chicfcwt. 

90*8 (Kasse.) 91*6 (Du. and Pr.) 92*6 (Du. and Pr.) 92*6 (Du. and VrJ) 

91*6 (Berthold.) 91*8 (Nassa) 91*2 (Nasso.) 93*1 (Nasse.) 

S geon. Frog. Be), 

u. and Pr.) 96*0 (Du. and Pr.) 9C*0 (Du. and Pr.) 
According to most observations, the serum of arterial blood oontaiiis more water than 
that of ven^ blood. Simon found in the arterial blood of two hones, 2*734% mors 
water than in the veDoos blood, and, according to Nasse, arterial blood oontaioa 6*0% 
more water than venous. As a general rule, the amounts of water in the semin and 
of corpuscules in the Mood are inversely proportional An absolute dimimitHHi m 
water has only been in diolera. 

AtbunUn is the apri^mdaiit of tbs constitaents of the smnu amouotuif tobo* 
tween 6*3 and 7*1% WlWilal hldpd, and between 7*9 and 9*6 % of nonnml ssniiBn 
Keutrel albuminate of^oWm, whidu becomes turbid on addition of water, oeeozs ost 
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oulj in morliid blood, but also in the blood of the qdee n. The oenun of the blood of 
the Tena porta nres less turbidity, and that of the liTOi^blood mq^ of the 
spleen, '^^en we alkaline senun of liToisblood is neutralised ^th acetic aidid, the 
slhumin does not coagulate on boiling till after several houn^ while that of the vena 
porta and other veins, as well as of the arteries, speedily coagulates on addition of 
^tic acid and boiling. Ho^pe is of opinion that the albuimii in serum is not dis- 
solved, but merely suspended in a state of fine division. According to Becquer^ and* 
K^er, normal man’s blood contains 6*94 % (6*2— 7*3 %) idbumin, and that of women 
7*06 (6*5 — 7*66) %. The blood of present women was found to contain lh>m the 2nd 
to the 7th month, 7 0— 6*8 % albumui, and in the last two months, 6*8 — 6*4 %. (J. 
Begnault^. Arterial blood contains less albumin than venous, and the amount in 
liver-blood increases considerably during dij^tion ; it decreases in scurvy, puerperal 
fever, and Bright's disease, and increases in intermittent fever, cholera, && In typhus^ 
it amounted to 6*6 %, and in Bright’s disease to only 4*93 %. 

l*ats . — But .few fide fats are found in serum ; they occur chiefly saponified. Ohe- 
vreul and Babii^gton first disoovered the presence of normal ^ts in bloo<L Oleic, mar- 
garic, and stearic acids, both free and sa^nifled, have been detected in the senun of 
bulloi^’s blood, and cholesterin is constantly present Boudet describes, as a fat peculiar 
to the sernm, a substance extracted from its residue by hot alcohol (serolin^ which 
Gobley considers as a mixture of olel^ margarin, cholesterin, and cerebrin. According 
to Chevreul, phospholmc acid (cerebrin) is contained in the fibrin and serum. Compaied 
with the corpuscules, that of the senun is more c^stalline, loss viscous, and colour- 
less. Kormal serum contains 0'2 ^ fat, and its solid residue 2*22% (Simon, Nasse, 
Beequerel). The amount of fat in the blood is not increased by food rich in fat, nor 
is it qinunished by nourishment free from fat. During digestion, the amount of fat 
in* chyle ipd in the blood of the vena porta, has been found to increase considerably, so 
as occastcmiiny to render the serum turbid. According to Beequerel and Bodier, the 
blood of ^men contains 0*67 p. m. fat and soaps, and that of men 0*69 p. m. Serum of 
arterial blood contains less fat than that of venous, and the vena porta blood is richer 
than the jugular. Beequerel and Bodier have found that, almost at the commencement 
of every a^te disease, the proportion of fat (especially cholesteri:^, in blood increases, as 
well as in some chronic diseases, particularly in liver diseases, Bright's disease, tuber- 
culo^ and cholera. 

Little is known of the extractive matter of the serum ; it varies between 0*26 and • 
0*42 %. Lebinann found more in the arterial than in the venous matter of the horse* 
dWor ' (grape-sugar), is a normal constituent of blood. The blood of the vena|l|ita 
containlfltmt traces, while that of the liver contains laiger quantities. In ' 

bullock’s blood, it varies between 0*00069 and 0 00074 % (Lenmaun). The bloods : 
of a contained 0*0016, and of a cat 0*0021 %. In the blood of diabetiepa;^|il|' T 
I^hmann never detected more than 0*047 % sugar. ‘ The amount varies with tht 
of the food. Urea occurs in healthy blood to the amount of 0*0142-~0*0177 
has been detected by evaporating lar^ quantities of scrum and adding nitric or 
acid to the residue. The quantity increases considerably in Bright's disease (1*6% ^ 
in serum, Bright and Banington), and in cholera (0*14 %). Uric acid has bs^ 
found in the blood of healthy as well os of diseased persons. Garrod found between 
0*0012 and 0*0066 in the serum in a case of Bright’s disease. CreaHnet oreaHnine, hip^ 

C ic acid, and hyp^anthine^ have also been detected Accordi^ to Muaine, aleoSai^i 
been detected in the blood of men who had died from drinking bran^. , 

Wcci statea that TOat's blood 'warmed with sulphuric acid evolves capraie acid, 
Bcherer has detected lactic acid in a case of pueiperal fever. Fourcroy and Vauqnelin 
and others state that th^ have found bile-conitituents in healthy Um ; they some- 
times occur in morbid blood. Leucine and tyr^ne occur in small quamUes in liver 
^d portal blood, in diseases of the liver. Little is known of the cwMfftM vuUUre 
propCT to the senun. An intense yellow coloration of the serum is often ane either 
^ bLie-pIgmeut, whidi may ^ detected not only in ictems, but also in pseumoniai 
pia^ scarcely yellow, brown, or red granules of pigment are said to have been de- 
bated in the heart, lor^ vessels, liver, and spleen, aftw intermittent fever. Blood con- 
bims nstilraf carhimede of §od/ivm (0*1628 % in bullock's blood, Lehmann), probably 
^,icid carbonate (Lehmann, Liebig). M^er condndes from his expenments that 
>t IS not ptesent os a^ oarixniat«L l^md seldom contains eulphaieet sm never mons 
traces; It contBiiis dime aefd (Mlllon), and seeoidiim to 0. Wilson, traces of 
Jjvvrine, Konnal Uood never contains ammonia^ but Chat amli is sometuMS fraodio 
(didlecm, te.) 

The serum of muf s Uood contains 0*W that of women 

^1 %. Lehmana gives the fi^kming oewpositioi^df ^ ^ 

•£ 61*067% cdiloride of aodimii, otahvodd 


'i 
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of eodinm, 3'IM phosphate of sodium (Ka*EPO^), 2'784 sulphate of potassioni, Ua 
• erutn of grown-up animals contains more salts than that of the young ; the serum of 
the oiH however, contains 1*12 % salts, while that of the cow contains 0'99, and of the 
ox 0'87 % (N a 88 e and Poggi ale). The blood of cats, gt^ts, and sheep, contains the 
most salts; of birds, men, and pigs, lees; and of dogs and rabbits the least. Arterial blood 
serum is somewhat richer in salts than venous, and the serum of portal blood eontalns 
considerably more than that of the jugular vein. The kind of nourishment has great 
influence on the amount of salts, and of their several constituents. Plouviez and Pog- 
giale foimd ' that in the blood of animals to whose food common salt had been added 
for several months, the ^rcentage of salt rose fri>m 0*44 to 0*64, an increase due chiefly 
to chloride of sodium. The amount of salts is also ^eatly influenced by disease, being 
particulariy small in violent inflammations, and increasing in typhus, 6^ Weber 
found 1*16 % silica in the ash of bullock’s blood. 

The amount of salts, exclusive of iron, in man’s blood — 0*728 %, woman 0*896, 
dog 0*713 %. Some chemists think they have detected manganese in blood, but its 
presence is doubtdEhl, Millon found oo^er in the blood of soldiers whose food had 
been prepared in copper vessels, and others have detected traces in the blood of men 
and beasts. It is said alwavs to occur in the ash of the blood of lAmidus Cyeihps, 
Millon also detected lead in blood. 

Analysis of Blood. — The amount of water in blood is easily estimated by evapo- 
rating a weighed quantity, and drying the residue at 120® — 130° C. 

To determine the fibrin^ the blood, as it runs from a vein, is received in a tared 
vessel, and stirred for 5 to 10 minutes with a glass rod, the weight of which is in- 
cluded in the tare, till the flbrin is completely separated. The blood, together with 
the separated fibrin, is then weighed, strained through linen, and the fibrin which 
remains thereon is placed for some time in water, then dried, well boiled with alcohol 
and ether, to free it from fat, and weighed after drying at 120° C. (Beeqnerel and 
Ilodier). — Another method of estimation is to leave a weighed quantity of blood to 
coagulate at rest, tie up the clot in a fine linen bag, after it has contracted as much 
as possible, knead it first by itself, afterwards with water, and treat the residue as 
above. (Scherer.) 

Estimation of Albumin and other Matters coagtdahle hg Heat.-— A weighed quan- 
tity of the blood, slightly acidulated with acetic acid, is added by drops to boiling 
water, the liquid is poured through a weighed filter, and the coagulum collected 
thereon ; it is then washed on the filter with boiling water, and dried, first at a gentle 
^ heat, afterwards at 120° to 130° C. The residue may be fi-eed from fat by treatment 
with boiling ether. If the blood had not been previously freed from fibrin, the weight 
of that substance, determined as above, must be deducted from the total weight of the 
coagulum. 

Estimation of the Extractive Matter. — The filtrate obtained in the last determhuitiozi 
is evaporated on the water-bath in a tared platinum basin, the residue dried at 120° C., 
weighed, and burnt in a muffle at as low a heat as possible. The weight of the ash, 
deducted from that of the total dried residue, gives approximately the amount of ex- 
tractive matter. 

Estimation of Fat. — A quantity of blood (which need not be weighed) is dried at 
100° C., the residue is pulverised and dried at 120°, and a weighed portion thereof is 
treated with ether in a flask : the ether is p^sed through a^ small filter into a ^ed 
platinum capsule; and the treatment of the residue with ether is repeated several times. 
TTie collected ethereal solution is carefully evaporated, and the residue dried at 100° C. 
As the weight of the solid constituents of the blood has been previously determined, 
the quantity of blood from which this amount of fat has been obtained may be cal- 
culated from that of the residue which was subjected to treatment with ether. 

Estimation of Mineral Constituents. — A weighed quantity of the blood is dried, 
mixed with ignited carbonate of sodium, then dried and incinerated in the muffle at 
the lowest possible temperature. (See Ash of Obganio Bodibs, p. 418.) 

Separate Estimation of the Serum and Coagulum^ with their Cofistituentt.r^’^^ 
fresh blood is collected in a tared cylindrical vessri, having a ground e^ei, and not 
too shallow ; it is covered with a glass plate and left to stand till the coag^tion ia 
eomplate, a^r which the edge of the mot is detached from the side of the vessel by 
means of a needle. The blood is then weighed, and after the clot has contracted as 
much 08 possible, the serum is pomred off, and the quantity of albumin, &e., coniai&sd 
in it is determined as above described. The clot and the inner surfoee cf Uie vessel 
are then freed from serum as completely as possible by wiping with bibnloiis 
and the clot is weighed on the vessel This weighty deducted from the total 
the blood, §pvea tlie proportion of serum. 

The dot cohtaiiM dielblood-oorpuseales, fibrin, and a eertain quantity of 
the amount of water boniained in it may 1^ determined by diying at 120° to 180° C* 
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tiut is no known method of ^ directly estimatmg the amount of the blood-oor- 
piiaculefl. Provost and !Dumas estimated it approximately on the assumption that the 
vater contained in the dot is all due to adhering serum, and accordingly deducting 
from the weight of the dried dot an amount of serum-constituents correi^nding to the 
quantity of water in the dot, toother with the amount of fibrin separately determined. 
As however, the blood-coxpuscules themselves contain water, this method necessarily 
mc^es the quantity of corpuscules too small. 

According to C. Sdimidt, the dot contains a quantity of serum amounting to } of its 
Tolume, and weight of the moist blood-cells is four times asgreat jss wat of the 
diy dot| as determined by the method of Prevost and Dumas, mnee, when the con- 
stituents of the serum and coagulum have been determined as above^ and from the 
veight of the coagulum, a deduction is made of the quantity of semm-oonstituents 
corresponding to } of the weight of the moist coagulum, the composition of the cor- 
puscules may be calculated. 

The separation of hmraatin fiK>m globulin cannot be efiheted ; but if the quantity of 
iron in the dry coagulum be determined, the aihonnt of blood-pigment may be cal- 
culated on the supposition that this pigment contains 6*64 per cent tfiron. (Strecker, 
Handw. d. Chem. li [2] 115). 

1000 pU. Blood-corputclet contain t 

Water 688*00 

Solid constituente : • « 312*00 

Density .... 1*0886 

Hssmatin .... 16*75 
Globulin and membrane of cor- 
puscules • • • 282*22 

Fat. . . . . . 2*31 

Extractive matter , . . 2*60 

Mineral matter (without iron) . 8*12 

Chlorine » . • • 1*686 

Sulphuric acid • • • 0*066 

Phosphoric add • • • 1*134 

Potassium • • • • 3*828 

Sodium • . • • 1*062 

Oxygen .... 0*667 

Phosphate of caldum • • 0*114 

Phosphate of magnesium . 0*073 

Mean Cfomposition of Male and Female Blood (Becquerel and Bodier). 


Density of dcflhrinated blood 




Male 

1060*00 

Female. 

1017-60 

Density of serum . • • 



• 

1028*00 

1027*40 

Water 


• 

m 

770*00 

791*10 

Fibrin 

• 

# 

• 

2*20 

2*20 

Fatty matters • • • 

Serolm 

• 

• 


1*60 

1*62 

• 

• 

• 

0*02 

0-02 

Phosphorised fat • • • 

m 

• 

a 

0*40 

0*46 

Cholesterin * • • • 

• 

• 

a 

0*09 

0*09 

Saponified fht . • • 
Albumin . « • • 

• 

• 


1*00 

1*04 

• 

• 


60*40 

70*60 

Blood-coipusculee . • • 

• 

• 

a 

141*10 

127*20 

Extractive matters and salts 

• 

• 

a 

6*80 

7*40 

Chloride of sodium . 

• 

• 

• 

8*10 

3*00 

Other soluble salts • 

a 

• 

a 

2*60 

2*90 

Earthy tfiiosphatea • 

e 

« 

• 

0*83 

0-36 

Ivon • ■ • • « 

• 

m 

• 

0*67 

0*64 


1000 pit. Serum eontatn t 
Water 

002*00 

Solid constituents 

• 

• a 

97*10 

Density . 

• 

a e 

1*028 

Fibrin . • 

• 

• a 

4*05 

Albumin • • 

• 

• a 

78*84 

Fat • 

• 

a a 

1*72 

Extractive matter 

• 

a a 

8*04 

Mineral matter • 

• 

a a 

8*66 

Chlorine 

. 

a a 

3*644 

Sulphuric add 

* 

e a 

0*116 

Phosphoric add 

• 

a t 

0*191 

Potassium .. 

• 

a « 

8*32$ 

Sodium • • 

» 

a a 

8*841 

Oxygen , 

» 

a a 

0*403 

Phosphate of calcium 

a ■ 

0*811 

1 Phosphate of magnaAum 

0*222 


1000 pts. Blood contain (Schmidt) : 




Men. 

Womsii. 


eorpMoaiae . • 


siaos 

196*94 

541*66 

o a « 

• • • • 

4S6*9i 

earn 

466*44 
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Sulphate of potaatium 
Chloride of potassium 
Chloride of sodium . 
Phosphate of potassium 
Phosphate of sodium 
Potassa • . • 

S'*da . • . • 

Phosphate of calcium 
Phosphate of magnesium 



0*841 

0094 I 0'29S 
0060 


puscles.1 


0-167 0-917 

3-414 0447 

» 6-65D 

2-108 — 

— 0-443 

0-867 — 

2-2W 1*074 



BZiOOJSBTOn. A Taiiety of Jasfbb (q, v.) 
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BSbOWFlPa. An instroinent for directing a stream of air through a flame, either 
by blowing with the month or with beUows. The flame of a candle, of a lamp with 
a simple wick, or of an ordinary gas-jet, connists of three parts. The dark central 
portion immediately surrounding the wick or burner, consists of combustible gaseous 
matter, not yet burned; this is surrounded by a highly luminous cone, which deposits 
soot on a cool body held within it ; and outside of all is a thin pale bine envelope 
which gives little light, but has a very high temperature. It is here that the combus* 
tion is most complete, the carbon and hydrogen flnding sufficient oxygen to convert 
them into water and carbonic acid. But in the middle luminous cone, the supply of 
oxygen is not sufficient for complete combustion, and consequently the hydmgen, 
which bums most easily, takes up the whole or the greater part of it, while the carbon 
is set free in the form of minute solid particles. If now a jet of air be directed through 
the middle of the flame, a double combustion takes place, the combustible natter 
uniting on the outside with the oxygen of the air, and in the interior with that which 
is supplied by the blast. In this manner, an intensely hot flame is produced, appli- 
cable for fhsions, reductions, and a variety of operations in chemical analysis ; and 
likewise for soldering metals and working glass. 

The best and cheapest form of the mouth-blowpipe for chemical purposes, is that in- 
vented by Black. It consists of a tube of tin-plate 101 ), about 7 inches long, and | of 

an inch broad, tapering to | of an inch, where a ffitnsU 
Ay. 101. mouth-piece is soldered. At the wide end a is 

inserted a small cylindrical tube of brass, about 2 
in, long, supporting the nozzle, which may be of 
brass or platinum. 

The Inibe is slightly conical at the end where 
the jet is fixed, and the latter is thus made to fit 
on without a screw, which would soon be iigured 
by the high temperature to which it is exposed, 
and would then be difficult to remove for the 
pu^se of cleaning. The nozzle is drilled from a 
solid piece of metal, and in the form shown at b in 
the figure. One of the chief excellencies of 
form of blowpipe, is the efficient manner in which 
it condenses and retains the moisture of the breath, 
and prevents its projection on the heated assay. 
The blowpipe may aLso be provided with s move- 
able tnimpet-shaj)^ mouthpiece, against n^ich the 
lips, partiall}r open, may be pres^ during the act 
of blowing ; in this manner, a strong blast may be 
kept up for a considerable time ^th 'veiy httle 
fatigue. The use of such a mouthpiece is stron^y 
recommended by Flattner in his valuable treatue 
on the blowpipe ; but it is scarcely necessary, ex- 
cepting when the blast has to be kept up for a 
time, as when the blowpipe is used forquantitatiTe 
analysis. 

To use the mouth-blowpipe with success, it is necssaiy to acquire the art of ke^isg 
up a steady blaat of air for some time. For this end, ahr must be supplied ^in 
the month, not directly from the lun«, which could hot, without fhtig^ * 
sufilleient stream. The mouth-piece of the instrument bei^ plaeed between the 
the mouth la to be filled with air till the cheeks become diiSended as in joying onj* 
wind instrument. The current of air is then forced through the tube by the acnoB Of 
i^e musdes of Uie cheeks, and during the blaat, the communication between the 
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and moaT.h U closed, rdspiration being carried on tlirough the nostrils. !the mode of 
this is difficult to describe, but the r%ht method of blowing is easily aoguired 

quiiSty and intensity of the flame vazy considerably according to the strength 
and direction of the blast If the nozsle of the blowpipe is inserted into the middle of 
the flame, a little above the wick, as shown in 102, 
on elongated flame is produced, consisting of an outer 
and an ^er cone, the former having a ycllo^^ the latter ^ 

a blue colour. Tho outer flame is an flame. 

An oaidablo substance, such as lead or copj^, placed 
at or just beyond the point a of this flame, is strongly 
heated in contact with the oxygen of the air, wd is 
therefore brought just into the condition for tiding up 
oxygen. The greatest heat is at the point of the inner 
flame, the combustible gases being there supplied with 
just the quantity of oxygen ^uired to consume them ; 
and between this and the point of the exterior flame^ is 
a quantity of combustible manner, very hot, but not 
yet burned and therefore disposed to take oxygen from aiw compound containiBg that 
dement. This part of the flame is therefore a reducing flame. A piece of ordinaty 
glass containing lead, turns black and opaque when heated in this part of the flazne^ 
in consequence of the reduction of the lead; but by afterwards heating it in the outer 
flame, the lead is reoxidbed, and the transparency restored. 

But the reducing power of a flame produced in the manner jnst described, is got 
very great, as any one may convince himself by trying to reduce oxide of copper or 
oxide of tin in it without the aid of a reducing agent. The flame is for the most part 
an oxidising ^me, especially if the aperture of the blowpipe is large and rives a g<^ 
supply of au*. To obtain a ^ood reducing flame, it is necessary to use a blowpipe with 
u small aperture, and to adjust the point, not within, but just outside the flame, and • 
to blow rather over than through the middle of the flame. In this mqnner, the flame 
is less altered in its general characters than in the former case, the chief 



part consisting of a large and luminous cone, containing a considerable JPVy. 102. 
quantity of carbon in a state of intense ignition, and just in the 
condition for taking up oxygon. [ J 

Substances to be heated in the blowpipe flame, are supported, Mme* \ J 

times on charcoal, sometimes in spoons or forceps made of platinum, \ / ' 

or on platinum foil or wire, sometimes on small capsules made of clay • \ / 
or bone-earth. Charcoal is used chiefly in experiments of reduction. 1 I 
The substance to be heated is placed in a small hole scooped in the J V 
side of the charcoal, not at the ends, because in the latter position, it 
is more likely, when in the fUsed state, to sink into the pores of the 
chuFCoal. Clay basins are chiefly used in the quantitative assaying ^ y — ■ 

of ores. They are made of fire-clay kneaded into a stiff paste with j 

water, pressed into shape in a box-wood mould (^- then dned | 

and calcined. Instead of these, however, very thin porcelain basins, •- 

wiiich may be procured ready made, may be used with advantage. 

Basins or fltipAlg of bone-earth made in a similar manner, are used for cupell ing silver 
aud gold with load. The oxide of lead formed in the pwess, sinks into the porous sup- 
port leaving the silver or gold in the form of a metallic button. 

Blowftpb Awaltsis.— The blowpipe is an indispensable instrument in quo^ative 
analysis, as it serves to recognise the presence of manr substances with greater flMulity 
and certainty than could be obtained by analysis with liquid rea^nts, espmal^ when the 
quantity of substance to be operated on is but sma ll. • _Gsneially spea k i n g, however, it 
is not safe to trust to the indications of the blowpipe alopA inasmuch as inany siffistantos 
give but indistinct reactions when submitted to this mode of examination, Md^sre ap2 
to be completely overlooked when present together with others whose indication m 
more decided. In a mixture of iron, nidt^ and cobalt, for example, it wouM 
scarcely possible by the blowjnpe alone to recognise anything but cobalt, even tiioufra 
that metal miriit be present m sniall proportion only as eompared with the ** 

is best, therelbre, to use the blow|)ipe, and in ^neral, the mode of analysis by the 
way, as a means of determining the general character of a compound or nuxtys, ^w 
detectUig of its constituents, and thus obta in i n g an indication of the beat 

mode of proceeding with the more complete analysis ly the wet way. 

A concise aeoonnt of the behaviour of the several elementaiy bodie^aiffi ttsir 
principid inorganic compounds when heated par aa, and with oertain reagenti^ is 
in the article%rAi.«i/(lKO»o*iiio), (p. 819) ; nnd tbeM clwwctej 
in greatcer ^i^****! in treating of the sevend elements and oomponndi. *ne taiMe w 
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j^haviour of Metallic Oxides 

.... f ■*■ 

A dear liead u fonnedT by ftwag the flax on a loop made at the end of ^ platinum«wite: the bead i 
in the reducing flamet it it lome^UM adviaable to employ charcoal instead of platinum-wire. Th 
employed. In Uiftiihle h. signifies hot ; a.rcolft aupers. that the bead it 


Colour 
joi the 
Bead. 

= — — 

with lucrooostnio Salt. ^ ^ ^ 

j : 

f 

In outer or oxidising Flame. 

In inner or reducing Flame. 

Oolour* 

lest. 

Silka swims undissolved. Alumina^ Stath 
me^^oxide* All Alkaline earths, and 
Earths (supers, opaque). Tantalie, Colum^ 
hie. Titanic, Tungstic anhydrides; Zinc-, 
Cadmium-, lead-, Bismuth-, Antimony- 
oxides not sat. : (supers* yellowish). 

> 

Sdica swims undissolved. Alumha, At 
alkaline earths and earths (supers, opaque) 
Ceric, Didymie, Manganic, Stamie oxida 

Ydlm 

ior 

brownish. 

h. not sat Ferric and Ceric oxides, h. Va- 
nadic anhydride. Uranic oxide. Oxide of 
Silver, c. Nickel-oxide. 

h. Ferric oxide (reddish), Titanic anJyd 

Red, 

h. NickeUoxide, h. aupera. Ferric and 
Ceric oxides. 

h. Ferric oxide, c. Titanic and Tungdu 
anhydrides containing iron (blood-ied) 
Cupric oxide. 

rtoiei 

or 

Ameibjfst, 

Mangamc and IHdymk oxides. 

c. Titanic anhydride, Columbous an^ 
dride (not sat). 

Shu. 

(khatt-oxide, e. Cupric oxide. 

Cohalt-oxide. Tungstic anhydride, Ni 
about anhydride (supers.) 

Orem, 

h. Ci^pric oxidcy Molybdie anhydride. 
Ferric oxide containing cobalt or copper, 
(Tronic and JJranie (mdes. 

Chromic nsA Uranic oxides, Vanaiie an 
Molybdie anhydride. 

Qrej^fnd 

Opa^, 


c. Oxides qfSUver,Zine,Ckubninm,l^ 
Bismuth, Antimony: Tetturons anhydride 























pipe Musrocdsmic Salt imd Borax. 

Jioned M> the Bnrtafej^vdered «iib»tanca radir eafl^ton&^oii, wid heated. ’ In heating 
the bead fremnUy Tariee with Ha ten^Mstatro, and with the qi^tity of ozidn 
ntoiated with oxide ; uni it ii not with o:^de. 



In outer or oxidising Plame. In inner or reducing Flame. 


Silica, Alumina, Stannic aside, Supew. Alumina, Stannic oxide , — Sapera 

opiMiue : Alkaline earths and Earths, 0^ . Alkaline eartke and A^lhe, Lan 

af silver, Tantalie, Colun^ie, TeUuroue axidee, Tanialie anh^, 

mhydfides. 'Sot ^x,i Titanic, Tungstic, ioid OiV»^. 

Molyhdie anhydrides. Zinc-, Cadmium^, ^ 

Lead, Bismuth; Antimony -oxides. 


h.ranaiieankfiride. li. not «». F««w mkydridt; TOoim, r«||^ 

and Uranus oatdet. h. 8up««. Lead-, Mofvbdie 4 mhgdrida i)taan^% * ^ 
Bismutk-, and Antimonious oxides, i 


h. Ceric and Ferric oxides, e, KickeU 

oxide (led-hwwn). h. aupera. Chromic e. Cupric Oxide (aopera. opaque). 
oxide. 


Manyanic and Didymic oxides. Nickel- 
oxide containing eohall. 



Cobalt-oxidf, t, Cnprk oxide. 


Cobalt<xide. 


c.€hrm»Usoaid».rgnadiew,bfd. h.Cu- ^gfficiUraaie, Ckromus »mdm. 
pric oxide, Ferrk oxide containing copper 

ereohoUa 


The laint m with micnoosmlQ aalt. Alfo 
NiekeLoxidSt and (aapefa) Oohmbons an- 
hydridsa 






page 614 {take#|rQm Conington’e ** Ibiidbook of Analysu^”)' exhibits ia a conTement 
form the eoloiim^imparted hj metallie oxides to bor^ and mierocosmie salt^ iihen 
hwted therewith in the oxidisix^ and reducmg flames. [For fortheor deta^ see 
** ClrntnicaL Manipulation/’ by 0. Greville Wiliams, London: van Voorst; also, espe- 
peeially for the method of QuantitatiTe Analysis with the blowpipe: FlattneFs 
oidrlnuast mit dem Lothrohie,” or the translation of that work “On the Use of the Blow* 
pipe^ foe.,” by Dr. Muspratt, London, I860.] 


.Tj||ji Blowfifb. — ^For seeing and bending glass tubes and oonstnxeting glass 
l^pmwkis of yarious forms, it is oonvenient to hsye the blowpipe mounted on a ^ed 
sapport, and when a flame of considerable power is required, the blast must be sup- 
plied by b^ows worked with the 
0 foot. A yeiy conyenient form of 

f ^ i/ ^ blowpipe for these pniposes is that 

lA w i " I A inyented by Herapath, andrepre- 

1/ 1 104. presented in 104. oisaflemble 


— 104. presented in 104. a is a flexile 

H attached to a stopcock 6, which 

communicates with a tube c d, bent 
at right angles at where a T- 
shapd tube efg slips on by means 
of the l)iece/. The blowpipe jet h i 
T longer arm of the 

- 1 T-piece, and fits somewhat tightly ; 

Hi k t is a, second piece of flexible 

tube terminating m a mouth-piece, 
*1 or connected with a blowing appa- 

c ratns. On turning on the gas, it 

11 passes in the direction marked by 

6 the arrows, and is to be inflamed at 

A ^ — rr- ,. : V f e. On blowing with the mouth, or 

/_ — — ^ by means of a pair of bellowB into the 

— - — ■ tube k If the ignited gas takes the 

J form of a blowpipe flame of great 

power, the nature of which is en- 
^ tirely under control by means of the 

stopcock 6, and also by regulating 
\ y the quantity of air supimed through 

\ \ the tube k (, The T-shaped piece is 

* — > moveable at y, so that the jet may 

he directed to any position. The 
apparatus my be mounted on a heavy foot, and connected with the gas-supply, by 
means of the flexible tube, so that it can be placed in any required position on the labo* 
toiT table ; or it maybe permanently fixed on a table specially devoted to the purpose, 
and haying beneath it a pair of bellows worked by a treadle. 


Oxthtdroqun Blowfipe. — The power of the blowpipe flame may be immensely in- 
crease by simplying it with oi^geu gas instead of atmospheric air. The apparatus 
last described is very well adap^ the purpose, the flexible tube kl bamg con- 
nected with a eas-holder con taining oxi^gen. As the oi^gen and the combnstime gas 
would meet only at the very place where the combustion is to take place there would 
be no danger of explosion. Still greater intemdly of heat is obtained by a eom- 
posed of pure oxygen and hydrogen in the proportions required to form water. Nume- 
ro^ forms of apparatus have "been contriyed for burning this gaseous mixture the 
objeet being so to oontnve the jet that the gases ahall bo there mixed in th e exact 
proportions required, and at the same time to prevent danger of explosion by pema- 

tnre mii^ure. The best form u that 
shown in Jig. 105, in which A is a 
brass tube filled with a nnmb^ of 
layers of wire gauze pressed dosely 
toother, or with a bundle of very 
thm bx^ wires placed parallel to 
the axis of the tube^ and firmly 
wedged together by a stout ooxueal 
wire driven into the middle, ao as to 
fonn a ooUectioii of extremely nazrow 
tubes. The rams are supplied by 
the tubes O H, connected with gas- 
^ , holders or loaded caonteboue bags, 

OM eotttaiiiijig osjrgeiitb* olb«r fa^arc^ To tli* other end of tb« fanaa tnbc A 





BLUE—BOHI 


ifsm 


€ir 


is attached a ift> the extremily of which hi fedled of^latiwuiL . 9l» gaeMi*iBix in 
the tube A, and pass on thzough the meshes of'the wliif^gaiise or JjEs interstioes be- 
tween the thin brass wires to the point of the jet^ are let on fire. Tha 

proportions in which the eases are suf^lied are M^aWd by stopoodcs on the tnbeS 
O H. The a{q;>earance of the flames which should be a Vecy'^ narrow eone of a pi^ bine 
colour, indicates when the right proportion yt attained, and t^ haring bm oim 
determined, the position of the stopcocks may be marked, so m to ensure the^^ht 
proportion of the two gases in all fhture experimei^. The use of the wire " 
bundle of tiiin wires in the tube A is to supphpa mass of good conducting l 
whhsh shall prevent the dame from passing baeWards through that tube (see ] 

The heat produced by the ozyhydrogen fl^e is the g^test that can be produced by 
any artificial means, except by the electric^mirent. Thick platinum wires melt in it like 
wax in the fiame of a can w. By itself, however, it gives but little light ; but any non- 
volatile and incombustible solid substance held in it becomes inteni^y luminous. If 
the point of the fiAme be directed on the rounded edge of a cylinder of quick lime, a 

? ‘ ure white light of dazzling brilliancy is produced, inferior only to the rieetrio Bght. 
t is called the Drummond light, and has been used for lighthouses. 

B&mBf B&irSBZAVa See CTAirtDBS of InoN. 


BXiUBv SAaCOar. The best Saxon blue colour may be made with the following 
composition : mix one ounce of the best powdered indigo with four ounces of sulphuric 
acid in a glass bottle or flask, and digest it for an hour at the heat of boiling water, 
shaking the mixture at different times ; then add 12 oz. of water, stir the whole^ell, 
and filter when cold. Poerner adds 1 oz. of good dir potash at the end of twenty- 
four hours, and lots this stand as much longer before diluting with water. The 4^th 
should be prepared with alum and tartar. 

BOBBWZTB. A mineral related to allanite, discovered by Kemdt in the oli- 
goclase between Boden and Mauersberg, near Marienberg in Saxony. Found only in 
Ul-defined prisms ^rhombic?] of 110^ to 112^, without trace of cleavage. Hardness 
6'6, Specific gravity 3*523, Reddish or blockish-brown. Streak dirty white. Opaque 
with vitreous lustre. When strongly heated, it exhibits incandescence like gadofinite. 
Fusible only on the acute edges. Decomposed by strong acids. Analysis gave : 26*12 
SiO*; 10*33 AFO»; 12*04 FeO ; 17*44 YO ; 10*46 CeO ; 7*66 LaO ; 1*61 MnO; 6*32 
CaO ; 2*33 ; 1*21 K^O ; 0*84 Na^O ; and 8*01 H^O : whence may be deduced the 

formula 6(3M"O.SiO*) + 2Al*0*.SiO*, the water being regarded as basic. Associated 
with this mineral are found black amorphous gmins of another mineral, hfaromontite, 
containing the same elements, but not exmbiting incandescence when heatod, (K er n d tp 
J. pr. Ohem. xliii. 219, 228.) 

BOCI«Bll'TTBB« A fatty substance found in the peat-bogs of Ireland. It was 
first examined by* Luck (Ann. Oh. pharm. liv. 125), afterwards more exactly by 
Brazier (Chem. Qaz. [1852], 375). It is very soluble in alcohol, and ciystauises 
from the solution in a network of slender needles. It melts at 51^0. (Luck)* the 
crude fat at 45^, but after repeated ezystaUisation from alcohol and then fkom ether, 
at 52^ to 52*7^ (Brazi e r)« It gives offthe odour of acrolein when heated. By saponi- 
fication with potash, it yields an acid, Butyrolimnodio acid (Bogbuttersfiore), to whieh 
Luck assigned the imi^hable formula ; but according to Bnusier, this acid 

has the same composition as palmitic acid, or C**H**0*, and melts at 63^ 0» 


BCWMnUkB COAJb. See Ooazm 


BOO-OBBB. See Ibox. 

BOBBZO AJOUh, *- CrHK)*.B?.0*.-*Aii acid oecurring in small quantity 

in black tea, together with < 3 |u«rcitannic add (Bochleder, Ann. Ch. Pharm* IxiiL 
202). To prepare it, a decoction of black tea is predpitated at the boiling heat 'with 
acetate of lead ; the filtered liquid is left to stand mr twenty-firac hourly an4 again 
filtered to sepantto a small sediment; the clear aolntion is mixed with a qnand^ of 
ammonia sufficient to neutralise the add reaction ; the yellow predpitate stirvea vp 
with absolute alcohol, and decomposed by sulphuretted hydrogen ; and the filtrate left 
to evaporate in vacuo over oil of ritrioL The residue is dissolved in water, and the 
solution is left to evaporate in vacuo, then dried at lOO^’ 0., this treatment being repeated' 
three times^and the r^iidue finally left for three weeks in vacuo. 

The acid when pulverised is of a pale yellow oolomv like querdtannic add^ Melts 
at 100*^ 0. into a maas which draws out into threads. It eskes together when ea^oe^ 
to the air, even Ibr a few minutes, and ddiquescee very quiddy.^ Colours ftone 
hydrochlozate brown, withont predpitafcion. Dissolves in all proportions in water and 
in ... >. 

% dry disrination, it yields a ligfht charcoal, and a distillate *vriiieb smdb of 
sdd end bladieiie iron edte. The aqueous and aleoholio aohitioiis deeo mp oee vhatt 
e^porated in eontaet with the air. Tne add is dibasu ^ the ffinmua of its heatmal 
salts be^ C»H*0*J4r0». 



TJio barium-Mlt, H*0, f« obtained as a yellow precipi^ by mixing 

the solution of the add in aqueous alcohol, with a slif^ht excess of baiytsi^ter. The 
normal lead-ioltt 0'H*Pb"O + H*0, is obtained by mixing the alcoholir^solution of 
the add, after concentration over potash in racuo, with alcoholic a^tate^ li^^ wash- 
ing the precipitate with alcohol, and drying at 100^ C. It is wlute, wi^ a tinge of 
grey, A basw lead-salt, G^H^Pb^0*.Pb''0, is obtained by precipitating the ^ueous 
solution of the acid with an ammoniacal solution of acetate of lead. It forms'iui^egg* 
yellow precipitate. (RochledeSi^- 


mox&wo pozarr. See Hbat. ^ 

at0U> A massiTC minen^ having a perfectly conchoi'dal fracture, a glimmer^ 
internal lustre, and a shining streak. Its colours are yellow-red, and brownish-black. 
It is translucent or opaque ; soft, so as to be easily cut and^ to yield to the nail. It 
ib^eies to the tongue, has a greasy feel, and falls to pieces in water. Specific gravity 
1’4 to 2. It may be polished. If it be immersed in water after it is dried. It falls 
asunder with a crackling noise. It is a hydrated silicate of aluminium, in which the 
aluminium is more or less replaced by iron (ferricum). 

The following are analyses of bole : 




SiOa 

Al*0» 

FeaO* 

CaO 

MgO 

RSO 

H«0 



41*9 

20*9 

12*2 





34-9 

b. . 


42*00 

34 04 

1003 

0*63 

0*43 

- 

34 -03 

e. . 

t 

41-00 

20*03 

809 

0*40 

0*50 


24*03 

4. , 

• 

42 00 

20*13 

8 03 

281 

301 

0*60 

34*00 

e. • 

a 

4692 

23*14 


390 



30*86 

/■ • 


47*03 

18 46 

8-36 

1*00 

— 

o5b» 

25*28 


99*9 (Wackenroder) 
10l05(LbwIg) 

99'14 

99-97 (ZelVner) 

97-82 (KamnieUberg) 
99*03 (Thomsen) 


a, firom Sasebiihl, near Gottingen ; b, from Ettinghansen ; c, from Cap de Prudelles ; 
d from the Brechte Berg in Silesia. The compositmu of these specimens agrees neady 
with the formula 4M^0’.9Si0^.18H^0, which, by substituting m may be roduc^ 

tQ i!ii*H[^i*0'* + 4aq; c, from Stolpen in Saxony, is represented nearly by the formula 
<hi'^.2Al*0*.4Si0* + 4aq = (Ca"aZ*®II®)Si‘0** + 3aq; /, from the Giant’s Causeway 
in Ireland, is nearly M*Q*.3SiO* + 6aq, which may be reduced to (w®II®)SiO* + aq. 
All these are foriuulse of orthosilicates. {liamTneUber^B Mineralchemie, 678; Dana, 
ii. 262.) 

BOXiOOirZAIf STOXflTB* Lemory reports that an Italian shoemaker, named 
Vincenzo Casciarolo, first discovered the phosphoric property of the Bolognian stone. 
It is the ponderous spar, or native sulphate of ba^ta. If it be first heated to ignition, 
then finely powdered, and made into a paste with mucilage, and this paste, divided 
into pieces a quarter of an inch thick, and dried in a moderate heat, be exposed to 
the heat of a wind furnace, by placing them loose in the midst of the charcoal, a 
pyrophorus will be obtained which, ai^r a few minutes’ exposure to the sun’s rays, 
will give light enough in the dark to render the figures on dial-plate of a watch 
visible. U. 

BO&^TXO BOZBt The name nven by Braconnot to the acid existing in Boletids 
paettdo-ifffiiariua, since shown by Bcmey and Dessaignes to be identical with fumaric 
add, 

BOXiBWS. ^ A genus of mushroom, of which several species have been subjected 
tochemieal examination by Braconnot and Bouillon La Grange (Ann. Chim. 

272) ; and more recently by Bolley,(Ann.Ch. Phaim* Ixxxvi. 44), and Dessaignes 
(Compt rend, xxxvii. 780). 

The chief constituents of these fungi are extractive matter, nitrogenous principles, 
the so-called fungln (q, e.), sometimes mannite, perhaps also fermentable sugar and 
certain organic acids, ^ledfunffio and boletic acids by Braconnot, but probably con- 
sisting, according to Dessaign^ of malic or fhmarie acid. The ash contains potash, 
lime, magnesia, phosphoric aci^ The species which have been examined are 
BoUtm ootanMa (Creil’s Ghcm. Ann. 1786, p. 280), B. igniarius (Ann. Chim. Ii 76^ 
B, jttglandis {ibid, Ixxxrii. 226), J7. larioU {ibid. Ixxx. 272), B. etdphureua and B. 
nieMue (TrommsdorfiTa K. Journ. ix. 240). 

BdktuM larieie, is used on the continent in medicine under the name of agaric. >It 
ha in white, lights friable pieces, the outside of which is like dark-coloured lea^d*. Its 
taste, at first sweetish, soon becomes bitter andaerid. Its infhsion in water as yelh^idi, 
sweet tasteA and reddens rentable blues. 

BoUtua igniariua is found in most countries, and particularly in the Highlands 
of StmtlanA ^ trunks of old ash and other trees. The Frenmi and Germans pre- 
pim it abundantly for making tinder, by boiling in water, diying; beating it, steepii^ 
It solution of nitre, and again drying it. In France it is called amadou, in this 
coancry German Hnd^, ^ It has been recommended in surgezy for stopping htmnor- 
rliage from wounds. It imparts to water a deep brown colour and an astringent taste; 


* Chloride of fodlunu 


BOLOBBytoiilL-Boiste. 

mO%0W0mt» A min of earthy aspect, fimnd Jfai the f«HiSl fb-wood of Banish 
peat-bogs, i|»d in the needles which fall the growing trees. The fredi rdioots 
contain but littile of it ; but it increases with the age of the needles, and is most abun- 
dant in autui^ and udnter. It is pr^>ared by treating with boiling aloohol the grey^ 
earthy matter found in hollow fowu nr-stem^ and precipitating the foreign matters 
with acetate of lead. The solution on cooling .depositia the boloretin as an earthy 
mats, which may be fhrther purihed by repeati^ solution in lK)iUng alcohol, wW 
addition of hydrochloric acid to precipitate lead^^ It is soluble in ether, but not ii| 
e(Bd alcohoL Melts at 75^ — 79° G. Its composition is variable, but it appears alwi^ 
to contain the elements of oil of turpentine water.. It does not, howeveTj^. yidd 
oil of turpentine when treated with pnosphono anhydride^ (Forchammer, AnhwCIi^ 
Phann. di. 44.) ! 

SO&TOirm A variety of olivin, Mg*SiO^ occurring in ciystallihe granules^ 
disseminated through limestone at Bolton in Massachusetts. Colour ash-grey, wax- 
yellow, or yellowish- white, with vitreous lustre. Streak white. Transparent or trans- 
lucent. Specific gravity 3-008 (Silliman); 3-21 (Brush). Hardness in unaltered 

^ C /T) l-\ . . . 1. .. — 

direction. In- 
The following 
y J. L. Smith 

SiO* MgO FeO CaO Al*0* 

a. 42*31 61-16 2*77 . . 0*18 1*90 « 08*82 

b, 42*82 64*44 1*47 0*85 trace 0*76 <■ 100*48 


speciiueiis ~ u ui: ^-auiioj: groutor i jorusn^. Cleavage QlSUnCv in ODO 
fusible before the blowpipe; slightly atteicked by hydrochloric acid, 
analyses agree nearly with the formula Mg^SiO* or 2MgO.SiO* ; a 1 
(Sill. Am. J. [2] xviii. 372) ; 6 by G. J. Brush (ibid, jini. 896) : 


Analyses by B. Silliman (SiU. Am. J, [2] viii. 16) and v, Hauer (KenngoU's 
Uebersicht, 1854, 90) gave larger amounts of silica and alumina, and left magnesia: 
but the mineral appears to have been but imperfectly decomposed. 

SOXiVS. A highly ferruginous clay from Sinope in Asia Minor, ^ntaining, ao< 
cording to Klaproth, 32*0 SiO*, 26*6 Al*0», 21*0 Fe*0*, 17*0 H»0, and 1*6 NaO). 

BOMB. (E. V. Bibra, Chemische XTntersuchungen uber die Enoohen und Zfthne^ 
&c. Schweinfurt, 1844, p. 1 — 268, 289 — 886; E. l?>6my, Ann. Ch. Phys. [3] xlvii 
47 — 107 ; also TraitA de Chimie, par Pelouzo et Fr6my, 2nd edition, vi, 26l ; C. J. 
Lehmann, Physiological Chemistiy, iii. 12, and Qmelin’s Handbnch, viii. 429. )~. 
Boue-tissue is of two kinds, compa/st and spongy. The long tubular bones of tbf 
extremities are formed mainly of the compact tissue, while the flat hones, as those 
the skull and pelvis, and the short round bones, consist of an external compact layer, 
enclosing a mass of the more poroxis or spongy tissue. The outer surface of bones ii 
covered with a thin membrane (thej?mos^m), traversed by great numbers of nervet 
and bloodvessels, while the inner sunaces their cavities and channels are lined witli 

a still thinner membrane. These tubes and cavities contain a fatty substance called 
wATTim, The substance of the bone itself exhibits a laminated Btructure, the indi< 
vidual layers being concentric with the tubes and channels containing the marrow. 
These layers consist of an amorphous substance, intersected by cavities, from which 
proceed innumerable intercommunicating channels. 

The true bony tissue, distinguished from the external and internal membranes, thi 
marrow, and the various fluids contained in the channels and cavities above-mentioned 
oonsishi essentially of an organic substance, called hons^rtUags^ or ossein^ and an in 
oE^nic substance, composed mainly of trUtasio phosphate qf calciumt 0a*P*O*, togethei 
with smaller quantities otpho^kaie of magneemm^ Mg*P*0^ carbcmUe of calemmt ami 
fuoride of calcitm. 

If a hone be incinerated without poreviously reducii^ it to powder, and wash^ on 
4he blood and other extraneous fluids contained in its cavities, the ash wall lik«irisi 
contain small quantities of alkaUne eulphateSf carbonaUSt and ohloridee, and of iron 
but these are dmved from the liquids mentioned, and do not prapetiy bdong t 
the bone itsell 

The bone^eaxtilage or ossein may he separatedfrom the earthy matter nuusent^si 
a bone for some rime in diluto hydroehiorie add. The dalcium-salts then gradualb 
dissolve^ the mass becomes translucent and softy and ultimate^ the cartilage is lef 
free from mineral matter, and retaining the form of the bone. By boiKng in water, i 
is converted into gdarin and dissolves, forming a solution dondra by suspended foi 
and vaseular tissue, and solidii^ring in a ielly on cooling. When fteea froia thM ex 
traneous matters by digestion in alcohol aro in ether, it is flnxnd to 
proportional eonstitarion as gdarin, as may he seen from the following whid 

the eomnosirioii of hone-earrilage from variona sources is compared %ith tbat ef pw 
gelatin (ifsinglaas). 


^20- BDNE« 


C&mp<>s(tUm of GdaUn and, Bom-wtOago, 





Oarbuo. 

Uydrogw- 

Nllr4>gen. 

OxygeD. 


Gelatin : 







From Bone 


50*40 

6*64 

18*34 

24*64 

Mulder. 

,, „ (fossil) . 


60*40 

7*11 

18-15 

24*36 

V. Bibra. 

„ Isinglate . 

• 

60*76 

6*64 

18*32 

24*69 

Mulder. , 

: 







From femur of Ox . 


60*13 

7*07 

18*46 

24*36 

V. Bibra. 

„ Pipa 


60*46 

7*08 

18*21 

24*24 

tf 

„ Bib of Biver Carp 


60*32 

7*22 

18*42 1 

24*00 

»> 

„ Ox . . 


49*81 

7*14 

17*32 

26*67 

Fr<5my. 

„ Calf . , 


49*9 

7*3 

17*2 

25*6 

»» 

„ Owl 


. 49*06 

6*77 



** 


Bon«-cartiIage also contains sulphur, which t. Bibra estimates at 0*216 per c^t. 

The chief d^erence between bone-cartilage and gelatin is, that the latter dissolves 
easily and immediately in boiUi^ water, wher^ the former is insoluble in water until 
it has been converted into gelatin, which requires long boiling. 

According to Fr^my, the bone-cartilage has likewise the same composition in young 
and in old animals. Foetal bones, however, do not appear to yield gelatin when boiled 
with water; or at all events, Schwann (Mikrosk. Unters. 1839, p. 3), could not ob- 
tain that substance from the bones of a festal calf, nor Hop pel (Arch. f. pathoL Anat. 
V. 174) fipom those of a rabbit, down to the last hours of intra-uterine life. In fossil 
honeSt the cartilage is often found to be converted into true gelatin. The cartilage of 
diseased bones does not appear to diifer from that of healthy bones (v. Bibra and 
others). In the bones of certain water-birds, and in the spines of certain fishes, 
Frimy found a substance resembling ossein in physical charfWiters, and isomeric with 

but differing from it in not yielding gelatin when boiled with water. 

Qmniitative Analysis , — The bone is first reduced to fine powder by rasping, then 
washed with water *to remove soluble salts^ &C., and digest^ with ether to remove 
fiitty matters. Care must however be taken not to continue the washing with water 
too long, as by the prolonged action of water, small ijuantities of the phosphates of 
calcium and magnesium are dissolved out, the quantitj^ thus removed increasing as 
the organic matter of the bone passes more and more into the state of putrefaction. 
(Wohler.) 

The bone purified as above, is next incinerated in a muffle (p. 41$), till it becomes 
quite white, then moistened with solution of carbonate of ammonium, to restore ^y 
carbonic acid that may have been driven off fix>m the lime, and again heated just 
sufflciently to expel the excess of carbonate of ammonium. The difference between 
the weight of the dried bone before ignition, and that of the ash, gives the amount of 
eartUage. 

The analysis of the ash is made for the most part by the ordina^ methods (p. 419). 

The oaroonic acid must be estimated by one of the methods given under 
MBTBT (p. 117), first in the unignited bone-powder, and afterwards in the ash. The 
first gives the amount of carbonate of calcium in the bone, and from the different 
of the two determinations, the quantity of lime which was in combination with arganic 
aci^ may be found. The amount of carbonate of calcium cannot be correctly esti- 
mated by-precipitating with carbonate of ammonium the lime which remains in solu- 
tion after the phosphate of calcium has been precipitated by caustic ammonia. The 
adoption of this method in the earlier analyses, led to the incorrect conclusion that 
the calcium-phosphate contained in bone-earth was SCa^O.P^O^ instead of d0aH>JP*0^ 

The amount of fluorine in bones has seldom been determined qaantitatLvdy, the 
ealeumi reidly existing as fiuoride being generally reckoned together with we car* 
bonate or phosphate. Marchand, however (J. pr. Chem. xxvii 83), found in a human 
thi^bone 1 per cent, and Heint z (Wien, AkaABer. 1849, p. 51), found in a similar 
boi)ie^*05 per cent, fiuoride of calcium. In fossil hones, the proportion of this salt is 
oftoiinucli ^jreater. 

As bone-ossne is very hygros^pic, it is necessary, in comparing the quantities of 
ccofan which dififerent bones retain, after drying in the air at crainaiy temperatures, to 
tiotiee the indicatums of the barometer and thermometer before eaq^osSo^ the bones to 
the be«t of the water-bath or oil-bath. 



BONE. ^ 


Th« mort coinplete mveatigations ifaat have been made of the composition of bono, 
are those of v. Bibra and Frdmy, The following table exhibits the peieentage of 
inoiganic matter in hnmairbones of varioiis ages, as determined by t. Bibia. 


Name of Bone. 

Percentage 
of Atii. 

Name of Bone. 

Percentage 
of Aih. 

Male 7 months : 



H^ovuin, 25 years : * 


Femur, tibia, humerus 

. 

59*1 to 69*6 

Femur, tibia, fibula, ulna, 


Female fatue^ 7 months 

. 

64*6 to 66*4 

08 occipitis 

Humerus 

eB-4to«8« 

69-i6 

Boy^ 2 months : 



Clavicule 

67*51 ' 

Tibia . . • 


65*32 

Bib . . . , 

64*67 

Atlas 


64 -07 

Sternum 

61*43 


Scapula .... 

65*48 

Boy, fyear: 



Vertebras 

64*25 

Femur • 


66*43 

Os innominatum • 

69*97 

Humerus 


58*68 



Tibia 

, 

56*58 

Man, between 25 and 30 yrs. 


Badius . , • 

, 

52*52 

Femur, tibia, humerus, 
ulna .... 


Ulna . 

. 

56*51 

68*0 to 69*4 

Rib . . . 

. 

49*30 

Os occipitis . 

68*73 

Scapula . 

• 

49*71 

Bib , 

63*99 

Boyy 6 years : 

Femur . 

Tibia . 

• 

67*80 

67*71 

Woman, 78 years ; 

Femur , , , , 

66*81 

Girl^ 19 years; 



JKfatt, 58 years : . 


Femur s 


67*86 

Femur, dense portion 

68*63 

Humerus 

• 

67*71 

„ spongy portion . 

64*18 


From these results it appears ; 1. That the proportion of inorganio matter in bone 
is smaller in youth than in age, although no regular gradation can observed. 2. Tho 
proportion of inoiganic matter is greater in compactTthan in spongy bone-tissue; 
greater ako in the bones of the extremities than in those of the trunk ; greatest of all 
in the thigh-bone. It appears, indeed, to be groatest in those bones %mich arc most 
moved, or have to bear the greatest strain ; this observation is corroborated by the 
composition of the bones of birds (see below). 

The different orders of mammiferous animals do not exhibit any essential differences 
in the proportions of inorganic matter in their bones, the limits being 64 and 75 per 
cent. The bones of birds contain on the average a larger proporUon of inorganio 
matter than those of mammals, viz. 68*6 to 7d'8 i>cr cent. ; those of reptiles rather 
less, 61*7 to 68*d per cent. The bones of fishes exhibit g^eat variety in the proportion 
of mineral matter which they contain, e. Bony fishes: ee/ 61*62 per cent.; ced 
66*76; so/mon 64*37; percA 69*40 per cent. Cartilaginous fishes: Shark 46-82 per 
cent ; lamprey 1*66 per cent 

Fr^my’s results agree for the most part with those of v. Bibra, excf^ting jn the 
pre^rtion of organic and inorganic matter in bones of different ages, wliich, according 
to Fr4my, do not exhibit in respect anv sensible variation. The l^ne of a festus 
was fitnnd to yield the same quantity of ash as that of a woman 97 years of age, and 
the first bon^r particles that make their appearance in the midst of the cartilaginoiis 
mass, which in the foetus precedes the formation of true bone, were found to contain 
the same quantity of minc^ matter as the bone (ff an adult animal (see table, p. 621). 
The greater brittleness of the bones in age is attributed by Fr4mv to the increase in 
the proportion of the spon^ tissue, the thickness of the hard and dense portion of the 
bones continually diminishing as age advances. 

Fr4my*8 analyses of the bones of animals belonging to different orders show, in 
acoordance with those of v. Bibra, that the bones of miunmifers exhibit the same 
average composition as those of mim, the bones of herbivorous quadrupeds^ however, 
generally oontaiiiing a larger proportion of lime-salts than those of flesh-eaters. The 
bones of birds have nearly the same proportion of lime-salts as those of heMvocous 
mammala^ and those of rf!|>tiles neariy the same as those of OBiuivoroas wjipilnals. 
The bones of fishes exhibit great diversity of composition, those of bony fishsii ; b^g 
very mudi like those of manmifers, whei^ th^ of oartUaginoiis fishes alro rich in 
cigsnie matter, and contain hut a small pn^pntibn of mineral salts. 








BONE. 


CmparaHt/e AwAym of Bones 


hdonging to Mjferent 
(Fr^my.) 


Orders of the Aninud Kingdom, 



Male fcBtiiB, 4 months ; femur . 

fi 6 months •* n • • 

Female fcetus, „ 

if 7 months; humerus 
Girl, bom alive ; femur . 

Boy, 18 months ; „ * • 

Woman, 22 years; scapula 
„ „ cranium . 

„ „ femur • • 

„ „ humerus • 

Man ; spongy part of femur . 

If dense ,, • 

Man, 40 years ; femur 
Woman, 80 „ » . « 

II II II • • • 

II 8® II II • - • 

„ „ spongy part of femur 

„ 97 ,, femur . . . 

Egyptian mummy ; femur 

Dala; femur 

Kinkigou; femur • • • • 

Genet «••••• 

Bitch ; femur 

Young lioness ; femur • « • 

Panther; femur • • • « 

Morse 

Babbit; femur . • • « 

Guinea-pig . . . * . . 

Indian elephant • • • • 

Java rhinoceros .... 
Horse; femur .... 
Cal^ still-born ; spongy part of femur 
ft It dense „ „ 

„ 5 months ; femur . , , 

Cow, fhll grown „ . . . 

II II • • • 

II II II • - • 

Ox; humerus 

II II • • • • • 

Bull; femur . • • • • 

Tiamb ; . . . • • 

Sheep ; ,1 * « • • • 

Gfoat ; ,1 « . • • • 

Cachalot 

Whale; spongy part * • » 

j Eagle 

Yiuture . . • ^ • . • 

Owl (Grand Duke) .... 
Ostricli ; dense part 
If spongy part 

Bustard ..*««• 

Chicken 

I Turkey 

Partridge • « . • • 

Heron • . • ^ • • • 

Thrush • ; • • • • 

Hunimixig Inrd; bones of head 

. H » liMbs . ' 


Art P« pGS^f CarbMtfe 

cSL. 
















TiLBUk^oofi^ueeil 


Name of Boue. 

A«h per 
cent. 

Phoi- 
jnhate of 
Calcium. 

Phot- 
phate of 
Mag. 
neiium. 

Carbonate 

of 

Calcium. 

Teal • • a • ■ 





68*4 

1*3 

6‘6 

Turtle; carapace , 





68*0 


Laud tortoise *, carapace » 





660 


10*7 

Crocodile ; cutaneous bone 

• 



64*6 

58*3 

trace 

9*7 

Crocodile • • # « 




64*0 

58*3 

0*d 

msm 

Serpent 

Ood •••as 

* 

• 



67-6 

61*3 

651 

m 

B 

Barbel a . . # • 




60*2 


■H 

Sole a a a a a 




54*0 




Shad 




60* 


B| 

■B 

Carp • a a a a 

m 



61*4 

68*1 



Bike a a a. a a 




66*9 

64*2 


Kfli 

Eel a a a a a 

• 



67 0 

66*1 

trace 

2*2 

Tetrodon ; maxillaiy with teeth 

• 



76*0 



Diodon ; spine of the skin 




68*8 




Shark 




62*6 




Ray; cartilage a . . 




30*0 

27*7 

traeo 

mSm 

„ scales .... 




66*3 

64*4 

trace 

B 

Lamprey ; head with teeth 








Diseased Bones . — Bones are subject to seTcml diseases* in neariy all of which 
the proportion of inorganic matter is found to diminish. In caries, the calcareous por- 
tion of the bone is destroyed, without alteration of the cartilage, the hitter still yield- 
ing gelatin when boiled with water. In a carious femur, t. Bibra found the 
proportion of inorganic salts reduced to 38*3 per cent., and in a portion of astragalus, 
taken from the centre of the caries, it was onl^ 18*5 per cent. — In osteomalaoui and 
rachitis, the proportion of mineral matter sometimes diminishes to such an extenly that 
the bones bend under the weight of the body. Marchand found in the femur of a 
rachitic child 72*20 per cent, curtilage, 7*20 fat, 14*78 phosphate of calcium, 3*0 car- 
bonate of calcium, 0*80 phosphate of magnesium, and 2*02 su^hate of calcium, chloride 
of sodium, iron (and loss). In the osttomalacia of adults, the tribasic phosphato of 
calcium is converted into f-phosphate, SCa’O.SP’^O* (W eber), and the bones sometimes 
contain a free acid. In Uiis disease, and in the rachitis of children, the cartilage is 
frequently altered in character, so that it no longer yields gelatin when boiled with 
water. Exostosis is the formation of osseous tumours on the surfiEu;e of bones; these 
tumours likewise contain an excess of cartilage. Sclerosis is the formation of cartilage, 
and ultimately of true bony tissue within the medullary cavities and canals oi tne 
hones, which thus become denser and almost like ivory. Here also the organic matter 
is generally in excess, and the carbonate of c^cium is increased in proportion to tho 
phosphate. In osteoporosis, which is a dilatation of the medullary cavitieiK either 
from the excessive development of the medulla, or from the bolvent action of fluids 
infused into the cavities, the mineral matter is also found to disappear more quickly 
than the organic matter. 

Fossil Bones. — Vnien a bone is exposed to the air or buried in the earth, tho 
organic tissue gr^ually disappears, while the calcareous salts remain. In* buried 
bones, the tissue likewise becomes incrusted with various substances deidved from the 
surrounding soil, so that fossil bones often contain considerable quantities of carboni^ 
sulphate^ and fluoride of calchim, silica, 8tc., according to the nature the formation 
in which they are embedded. The proportion of carbonate’ of calcium sometimes 
amounts to 67 per cent. The silica is in the form of quarts, that is, in the modiflea* 
tion which is insoluble in acids and in dilute alkalis. In some cases, the proportion 
of tricalcic phoimhate remains nearly the same as in the original bom% whereiis itt 
others it is giMkw diminished. The proportion of phosphate ot magnesium does not 
vary ^reat^ ;':it diminishes, however, to a certain extent when the plios|^te dfesl* 
clam IS r^Iao^ hy carbonate of calcium or by siliceous compoiiiifeas. 
bones still retain a portiim of thiui* cartih^ which is somotiincf aJSD eoirmiflSm 
tmegeiatixL : . 
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Anafyifes of Various Fossil bones, (Fr^my.) 



Ash 

per cent. 

Phosphate 

of 

Calcium. 

Phosphate 

of 

Magnesium. 

Carbonate 

of 

Calcium. 

Silica and 
Fluoride of 
Calcium. 

■ 

Ox, firom the ceves of Oretton ; 



. 



s 

iinetatariel houe, external por- 
tion having pa aspect or 

80-74 

711 

1-5 

11-8 



of tlm same. 







80*6 

71-5 

1-7 

11-3 



Spongy portion of thauHime 
Rhlooo^ot, fironS Sanl&Q ( Gers); 

84-a 

633 

1-2 

6-2 

17-2 


▼eitebni v.^ • • 

83-4 

fi9-0 


41-3 

2-6 

trace 

RIbi of the same. • . 

83-1 

66-8 


27-5 

1*4 

trace 

Hyena, ftrom the carea of Kirk- 
dale; long SiMe . 

75-5 

72-0 

1 % 

4-7 


20-0 

Rhinoceros ; dorsal Tertebrie . 

69*5 

25*7 

0*4 

ft7-5 

8-5 

„ humerus. • 

73-0 

32-4 

0-4 

64*0 

6-2 


„ „ te«^th 

90-4 

65*2 

0-7 

13-8 

14*5 


Mastodon; tusk . . . 

90-4 

6C-3 

0*7 

13-1 

24-a 


Bear ; dense part of bones . 

83-9 

69-7 

0*4 

23-6 

9*8 


„ spongy part • . 

Anoplotnerfum ; caudal ver- 

70*7 

23*1 

1-2 

67-5 

14-0 


tebra ..... 

84-0 

53-1 

0-4 

20-4 

19-4 


Tortoise; vertebrse • 

87*0 

61*1 

0-7 

10-6 

18-6 



.CX. Animal blacky Animal charcoal^ Hcinschwara, — A product ob- 
tained by heating bones to redness in dose vessels. Largo quantities of stinking gas, 
empyreumatic oil, and volatile alkaloids, are then evolved, and there remains a black 
mass consisting of an intimate mixture of charcoal containing nitrogen, with the 
mineral matter of the bone, chiefly phosphate and carbonate of calcium. It possesses 
the power of abstracting many solid substances from their solutions, and is used on a 
very largo scale as a decolorising agent in the refining of sugar. That it may possess 
this property in the highest degree, the preparation must be so conducted as to leave 
the largest possible quantity of carbon in the product, and at the same time to render 
it very porous. The air must therefbre bo carefully excluded during the ignition, and 
the heat must be regulated so as not to cause the mass to cake together or become 
agglutinated by the fiision of organic substances. .The bones should bo fresh ; those 
which have lost much of their organic matter tfr putrefaction, either in the air or 
underpround, do not yield a sufficient quantity of <marcoal. They should be coarsely 
comminuted and boiled to free them from fat, which would melt and yield a very com- 
pact charcoal. 

The yield of bone-black varies from 30 to 60 per cent, according to the composition 
of the hones. The long cylindrical hones of the extremities are best adapted for tho 
purpose; they yield about 60 per cent of bone-black, containing 1 to IJ carbon to 
9 pts. phosphate of calcium, ffibs, skulls, and vertebrse yield a smaller quantity, 
and not of good quality: hence it is better to use thorn for the preparation of 
gelatin. 

The carbonisation of bones is performed either in iron (^Unders, like those used in 
the distillation of coal, or in covered pots of cast-iron or crucible-ware, heated in a 
reverberatory furnace; the latter .method yields the best charcoal, but the former is 
adopted when it is des^d ta collect the volatile ^^wdu<*tB which are given o£f. (See 
BoNB-Om.) (For details and figures of machinaiy, «©© Ur^s llicUonary of Arts, 
Manufactures, and Mines, i. 369 ; Muspratfs Chmistry, i. 316 : Handwortefiuck d, 
Ghem, 2‘* Aufl. iL 767). 

Bone-black is extensively used both as a decolorising and deodorising agent; it 
iir««inaa hme BJid its solts from thefr aqueous solutions, an^i* asoardin^ 

flection of highly calcareous waters. In the refln^ag of sugar, it 
;i|ymp both from colouring matter and from lime. It decomposes 
. Jhi sometimes absorbing the oxides or metallic acids, sometimes 

^^Mucing them. It attracts iodine, not only from solution, but even^l^m its -salts. 
It^ceirisC removes bitter princij^lea and organic alkaloids from their aolutioiis^ and 
recommended as an antidote in case of poisoning by anch snbst^ioea. 

removing (xiloiiring; and lime from 

may he revivified, that is, restored state, by the 

1. luting it with acids to renpovetfrili^ Jesuit to 
order to lender ^ble the OggODie anfagtaaces whichtt haa 
4. IsmitioD. yor d|tails, wbritB aBbve cited.) 

oaed as a pigment;^ it fr made into a 


Jikewise 
;Caed for the 
^ IsTves to fret 
.n^y metallic 
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paste with water and finely pulTeriaed in a colour-milL The finest pigment of tliii 
kind is iv&ry-black, which is ODtained by the carbonisation of iTory. 

Lastly bone-bhu^ is used as a manui^ especially for cereal crops» being well adapted 
for this purpose, both by the phosphoric acid and the nitrogen which it contains. It is 
chiefly eSSicacious on soils which still retain a considerable quantity of decayed vege- 
table matter. 

aon-on. pip^s ail. Animal ot7. Oleum animale — This oijhtB obtained 

in large quantity in Ae preparation of bone-black, by igniting charooal in cylinders.^. 
Similar products are obtained W the dry distillation of other animal sqjMtancSs. The 
original LippeVa oil Imown in Pharmacy was produced from stages horn; 
animal oil now met with in commerce, is obtained from bones in the maiupiirwib^e- 
mentioned. It has been made the subject of a series of elabbrato<^Teflt^;atiqiu9 by^ 
Professor Anderson of Glasgow. -(Transactions of the Eoyal Soclefy <4 
xvi. 4 ; XX. Part II. 247 ; xid. Part- 1. 219, and Part IV. 671. Ahn. Oh. Plia^. Ixx. 
32 ; Ixxx. 44 ; xciv. 558 ; cv. ^85. Jahresber. f. Chem. 1847-S, p. fi&Lz 1851, p. 
475; 1854, p. 488; 1867, p- 392.) 

Bone-oil is mainly a product of the decomposition of gelatinous tissue, inasmuch as 
the bones used for uie preparation of animal charcoal are boiled, before ignition, with 
a large quantity of water, to deprive them of their fat (p. 624). The crude dil is' 
dark bro^ or nearly black, and has a specific gravity of 0*970, It consists chiefly of 
a mixture of volatile organic bases, together with smaller quantities of acids and 
neutral hydrocarbons. 

On subjecting a large quantity of the crude oil to fractional distillation, the first ( of 
the distillate consists of about equal parts of a yellow oil and a watery liquid holding 
in solution sulphide, cyanide, and carbonate of ammonium, together with small 
quantities of very volatile organic bases. On supersaturating this watery liquid with 
sulphuric acid, boiling for a while, then distilling with slaked lime, and immersing 
sticks of potash in the watery distillate, ammonia is given olF with brisk cfFervescence, 
and a small quantity of oily bases separates on the surface of the potash-solution. 

The remaining f of the distillate consists of oily bases of various degrees of volatility. 
On mixing them (together with the small portion of oily bases separated from tha 
watery liquid just mentioned) with excess of dilute sulphuric acid, setting the mixtura 
aside for some days, and frequently shaking it, then separating the stron^y acid liquid 
from tlie portion of oil still unacted on, and boiling it for some time in a still, an ailui* 
line liquid passes over containing pyrrhol, C^H*N, a weak base first noticed by Bunga 
(Pogg. Ann. xxxi. 66) in bone-oil and in coal-tar, and distinguished by the property of 
imparting a deep purole-red colour to fir wood moistened with hydrochloric acid. 

The remaining acid liquid, after cooling, is mixed with excess of slaked lime and 
distilled, and the distillate is treated with solid caustic potash, which separates a 
(juantity of oily bases, while the watery liquid retains in solution ammonia and 
InminCy which are given off on simply distilling the liquid, and may be condensed in 
dilute hydrochloric acid. 

On submitting to fractional distillation the mixture of oily bases separated by the 
potash, a number of l»aaes are obtained from 66® to 100® C. belonging to the series 
viz. ethylamine C*H’N, tritylamine C*H®N, totiylamine C^II"N, and amy- 
lamine C*H**H ; and above 116® C. another series of bases are given off belonging to the 
series and isomeric with phenylamine and its homologues, vi*. : 


Pyridine, boiling at 116*7° C. 

Picoline, C'H’N, „ „ 135 

Lutidine, „ 164-5 

Collidine, „ 180 


The non-basic portion of bone-oil yields by repeated rectification, a liquid boiling at 
66 -6® C., which, when exposed to a freezing mixture, separatee into two distinct layers. 
The portions boiling at a higher temperature do not exhibit this prope^. They con- 
tain benjeene, and jpfolwbly also homolo^es thereof^ also alcohol*TQiaSjl% and nitra^^ 
which are decomposed by sodium. '' 

B0VB]>03Umnk A variety of hydrous dichroite(ii. 422 X ' 

Bore^dte. Borate of Magnesia . — A mineral /occurring in 
imbedded iiia«:gyp8um and anhydrite at Liineberg in Hanovir, Segeberg 
stein, and Luneville, LnJfeurtihe, in France. The crvsfcals r— 
rhomboidal dodecahedioil OF tetrahedrons, generally nemihe 
a great nnmber of fiicfla. ^ -Clehvitfe octahedral in traces, 

Hardness » 7. Titihsim v<^ni^ CoIotat |; 

grey, yellow, Sii|i|tran8pa»ent to snh 

eonchcidal, uneven. when maMfVjii. 

Hcnrarite was4bnneidiipXttalBoftlB^ a borate of ma 
Vox- L ” B 8 
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bobi]>e&^:60KK)^o& 

small quantity of iron ; but recent analyses have shown that it like^e contains cUofinA 

The mean results arejM follows : *• 

MgO PeO B*0» a H*0 

30-67 1-62 62-65 7*96 0-75 (Potyka.) 

30-48 138 — 8-50 — (Siewert and Geist.) 

If now the ferrous oxide be reckoned as magnesia (FeO : MgO =? 72 : 40) these 
analyses give respectively 31*37 and 31*25 magnesia ; and the results agree nearly 
with the formula Mg"Cl‘'.2(3Mg"0.4B-0»), wliich requires 31*35 per cent. 

62’50 and 7' 94 Cl. (Kammelsbei^’s Mineralchemie, p. 254.) 

BOXJUt. Acid borate of sodium. See Boratbs, under Boron; Oxide OF(p.645). 
^ BOBXBBS* Compounds of boron with metals. See Boson. 

BOBXfBBlTB* Valerene. C*®H‘® — liquid hydrocarbon, isomeric with oil of 
turpentine, secreted by the DryahaJanops camphora^ and holding in solution a solid 
substance, borneol, or camphor of Borneo. It is also obtained from essential oil of 
yalerian, by submitting that oil to fractional distillation, and heating the first portions 
of the distillate with hydrate of potassium, which takes up valerol, while bomeene 
passes as a distillate. Solid Bornean camphor distilled with phosphoric anhydride 
also yields a liquid hydrocarbon haying the composition C*®H'®. (See Valerian, On of.) 

Borneene is lighter than water, almost insoluble in that liquid, and smells like oil 
of turpentine. It turns the plane of polarisation of a luminous ray to the left, but le&a 
strongly than oil of turpentine. The product obtained from oil of valerian boils at 
160® C., that from Borneo camphor at 166®. Vapour-density 4*60. It absorbs hydro- 
chloric acid gas, forming a cyrstalline compound. It appears to oxidise when left in 
badly closed vessels, and when immersed in water, especially in presence of alkalis, it 
appears to be converted into borneol (G-erhardt, Traits, iii, 628, 641). (See 
Drtabalanops. ) 

Borneene from Madder Fmel-oil, — The fusel-oil contained in the alcohol produced 
by the distillation of madder-sugar, yields liquid products when distilled at tempera- 
tures rising to 230® C., while at higher temperatures leevo-rotatory borneol sublimes. 
The former, bjr digestion with caustic potash, then with chloride of calcium, and repeated 
fractional distillation, yields a liquid which boils at 160® C., contains 88*23 per cent, 
carbon and 11*81 hydrogen, has a vapour-dens it;y = 4'86, and is therefore probably 
bomeene. ^vo-mtatory borneol {yid, inf,) distilled with phosphoric anhydride also 
yields a liquid which appears to be borneene. (Jeanjean, Ann. Ch. Pharm. ci. 94.) 

BOBiraoii. Borneol Alcohol^ Solid Camphor of Borneo, C*®H‘®0. This sub- 

stance is extracted from the Dryahalanopa camphora, being found in cavities in the 
trunks of old trees. It is ^so found in small quantity in moist oil of valerian, being 
probably formed by hydration of borneene. 

According to Pierlot ^Ann. Ch. Phys. ix. 291) the crystals found in oil of valerian 
are not borneol, but valenan-camphor, 

Borneol is produced artificially by heating common camphor with alcoholic potash, 
its formation being attended, either with evolution of oxygen : 

C«H'"0 + H*0 = + O ; 

Camphor. Borneol. 

.OT with simultaneous production of camphic acid; 

2C'®H'*0 + H*0 « 

Camphor. Borneol. Camphic acid. 

The action takes place slowly at 100® C., more quickly at higher temperatures in sealed 
tubes. (Berthelot, Ann. Ch. Phys, [3] Ivi. 78.) 

Borneol forms small transparent, colourless, veiy friable crystals or ciystalline frag- 
ments, having an odour like that of common camphor and of pepper, and a hot burning 
taste. The crystals appear to be regular six-sided prisms belonging to the hexagoniS 
system. Their alcoholic solution possesses dextro-rotatory power, lie that of mmmon 
cipher. Bextro-iotatoiy power of natural homeol 33*40 (Biot), of the artifi- 
cial 44*9®. Borneol is lighter than water, and insoluble in that liqiud but very 
soluble in alcohol and ether. Melts at 198® C., and boils at 212®, Stilling with- 
alteration. Gently heated with phorohoric anhydride, it yields bomeene, 

strong nitric acid, it mves off H», and is converted into common camphor, 
hydrochloric acid it unites without liquefying : the compound w 

stioyed^j^ |ie^ 

Borneol — This substance, which is isomeric with ordmaiv boar- 
neoV diflfbrs it in possessing equal but opposite vqtatoiy power, is fbund in 
wleohi^ produced by the fermentatiou of maddeissugar, and is obtained hy odlectiBg 
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6helaminiR whi^ crystallise dut on standing, or during fVactional disHllation. It forma 
crystalline laminae, or a white powder smelling like pepper and tiommon camphor. It 
dissolves sparingly in water, and when thrown on tlie surfia^ of water, spins like 
common camphor. It ^dissolves easily in acetic acid, alcohol, and ether. Boiling 
nitric acid converts it into laBvo-rotatory camphor. Distilled with phosphoric anhy- 
dride or chloride of zinc, it yields a hydrocarbon resembling oil of lemon or bergamot. 
(Jeanjean, Ann. Ch. Pharm. ci. 94.) 

BOXarZTB. Syn. with Ebubescitb and with XETBADTmTB. 

SOBOCA.XiCZXlS> Native borate of calcium (p. 643). 

BOROV. Aiomte We^At 11. St/mbol B.—This element occurs in nature as borie 
or Itoracie acidj and in a few minerals, viz. native borax or tinced^ horacite^ KydrO’^ 
horacite^ datolite, and hotryolite^ and in small quantities in sclwrl^ apyritt^ axirditie^ 
and rhodizite^ It never occurs in the free state. Horaberg, in 1702, first obtained 
boric acid from borax, and anhydrous boric acid was decomposed by Gay-Lussac and 
Th^nard in 1808, and immediately afterwards, by Sir H. Davy, into oxygen and boron. 

Boron may be obtained in three different states, viz. amorphous, graphitduial, 6hd 
adamantine. (Wohler and Beville, Ann. Ch. Phys. [3] lii. 63.) 

1. Amorphous 3 or on. — ^This is the form in which boron was first obtained. 
Gay-Lussac and ThAnard prepared it by igniting boric anhydride (vitrefted boric acid) 
in a tube with an equal weight of potassium in small pieces, then boiling the fused 
mass with very dilute hydrochloric acid, washing with water, and drying. This pro- 
cess yields, however, but a small product, as it is difficult to deprive the boric acid of 
all its water, and the remaining quantity oxidises part of the potassium, with violent com- 
bustion, causing part of the mass to be projected. According to It. D. Thomson (Phil. 
Mag. [3] X. 419), this inconvenience may bo obviated by ^ing the boric anh^ride 
as completely as possible, mixing it in the state of coarse powder, with twice its 
weight of potassium, freed as completely as possible from the crust of hydrate which 
generally adheres to it, and gr^n^y heating the mixture to redness in a glass tube 
over a lamp, Wohler and Deville mix 60 grammes of sodium ia small pieces with 
100 grammes of finely powdered boric anhydride in an iron crucible, and cover 
the mixture with about 30 grammes of pulverised and previously ignited chbride of 
sodium. The crucible is then quickly heated to redness, whereupon a violent reaction 
takes place, and the whole becomes liquid. It is carefully stirred with an iron rod 
till no more free sodium or unfused chloride of sodium can be seen, then carefully 
j>ourod into water acidulated with liydroehloric acid, and washed and dried as above. 
As the amorphous boron is veiy apt to run through the filter when washed with pure 
water, it is best to wash with water containing sal-ammoniac, and then remove that 
salt by means of alcohol. — ^Another mode of preparing amorphous boron is that of 
Berzelius, which consists in decomposing perfectly dry borofluorido of potassium by 
heating it with an equal weight of metallic potassium in an iron tube closed at both 
ends. The mixture is first boated merely to the melting point of jx>tassium, then well 
stirred with an iron rod, and afterwards heated to redness. The decom^sition takes 
place without explosion, and the boron is afterwards separated from the fluoride of 
potassium, with which it is mixed, by digestion and washing with water containing 
s^-ammoniac, the latter being finally removed by alcohol. If too little potassium has 
been taken to produce complete decomposition, the washing is rendered difficult by 
the remaining borofluoride of potassium, which has but little solubility. Amorphous 
boron is also frrmed, together with the other two varieties, in the modes of preparation 
presently to be described. 

Amorphous boron is a dark-brown or groenish-brown powder, opaque, destitute of 
taste and smell, and stains the fingers strongly.^ It is a non-conductor of electricity. 
In vacuo, or in gases with which it does not unite, it may be raised even to a whits 
heat without melting, or subliming, or undergoing any alteration, excepting fhat it 
becomes so dense that it sinks rapidly in oil of vitriol. In the unignitod state, it dis- 
solves, to a very slight extent, in pure water, imparting its colour; in water containing 
acids or salts it is insoluble, and indeed such substances precipitate it jErom its aqueous 
solution. ^ ^ 

Amorphous boron docs not oxidise in the air or in oxygen at ordinary tempera^ 
tures, but at about 300® C. it burns in the air with a reddish light, and in oxygen 
with diiagl iTig brightness ; the combustion is in both cases attended with vivid eimSi- 
sion of imaxlu^ sni^ in oxygen gas, according to Bexzelitis, a faint greenish flame is ob- 
served. The product is boric oxide or anhydride, B*0*, the only knoifn oxideof bown, 
which melts on the surface of the boron and nertly protects it from fhither wtaom 
In atmospheric air, according to Wohler and Deville, a small quantity of nitride 
boron is termed at the same time. 
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Amorphous boron does hot decompose water, even at the boiling heat, but it retidilj 
decomposes strong sulphuric acid when heated with it, and nitric aci^ even when 
but slightly concentrated, in the cold, the product in each case being boric acid. At a 
red heat, it decomposes the carbonates, sulphites, sulphates, nitrites, and nitrates of 
the alkali-metals, an alkaline borate being formed and carbon, sulphur, or nitrogen 
set free. The decomposition is sometimes attended with incandescence and, in the 
case of nitre, with explosion. It also decomposes many metallic oxides at a red heat, 
forming a borate, if the oxide is in excess. Heated with hydrate of potassium, it 
eliminates hydrogen, and forms borate of potassium. It likewise reduces many 
metallic chlorides and sulpliides, e.g. chloride of lead, chloride of silver, and sulphide 
of lead at a red heat, chloride of boron being formed and escaping as gas (Wohler 
and Deville). It precipitates metallic gold from a solution of the chloride. When 
strongly ignited in a current of nitrogen gas, it is converted into white nitride of boron. 
Heated nearly to redness in a current of nitric oxide gas, it bums brilliantly, forming 
boric anhydride and nitride of boron. It does not decompose nitrous oxide. (W ohler 
and Deville). 

ignition with aluminium, amorphous boron may be converted into the two other 
modifications, which remain behind on dissolving out the aluminium by hydrochloric 
acid. 

Crraphito'idal Boron, — This variety of boron is obtained: — 1. By passing gaseous 
chloride of boron for some time over aluminium in the state of fusion.* The metal 
takes up but a small quantity of boron ; but on breaking it, the boron is found on tb<j 
fractured surface in copper-coloured crystalline laminm, like graphite in cast-iron; 
they may be separated hy dissolving out the aluminium with hydrochloric acid. — 
2. By heating 8 pts. of borofluoride of potassium and 5 pts. of aluminium with a flux 
of 9 pts. chloride of potassium and 7 pts. chloride of sodium to the melting point of 
silver, in a porcelain crucible, and treating the half fused metallic mass found in the 
midst of the slag, first with hydrochloric then with hydrofluoric acid. Boron then re- 
mains in small blackish-grey ciystallino scales. — 3. By fusing a mixture of 16 pts. boric 
anhydride, 10 pts. fluor-spar, and 2 pts. aluminium ; orby fusing aluminium with boric 
anhydride, or better with fused borax and cryolite, and a flux of chloride of potassium 
and chloride of sodium. A large excess of aluminium, however, is required to obtain 
but a small quantity of boron. 

Graphitoid«l boron has a semi-metallic lustre, like graphite or crystalline ferric 
oxide, but with k distinct tinge of copper-red. When well crystallised, it forms thin six- 
sided tablets belonging to the hexagonal system ; but it is more generally obtained as 
a reddish-grey, micaceous powder composed of fine crystalline lamina*. It is perfectly 
opaque. When heated to redness in the air, it does not burn or undergo any apparent 
alteration. It does not dissolve in acids or in alkalis, but appears to be converted 
into boric acid by the long-continued action of nitric acid. (Wohler and Deville.) 

Adamantine or Diamond Boron. — This is not, strictly speaking, a form of 
pure boron ; at least, as hitherto obtained, it always conteins carbon and sometimes 
aluminium. To prepare it, 80 grammes of aluminium in lumps are heated with 100 
grammes of boric anhydride to a temperature at which nickel fuses readily. The 
introduced into a crucible of compact charcoal fitted with a charcoal 
cover and placed within a hessian or black-lead crucible, the intermediate space being 
filled with charcoal-powder, imd the cover fastened on with refractory luting; and the 
whole is exposed for five or six hours to the strongest heat of an air-furnace, having a 
tall chimney and fed with a mixture of coke and coal. On breaking the crucible 
after cooling, two layers are found, one glassy, consisting of boric anhydride and 
alumina, the other a metallic iron-^y mass of aluminium, penetrated throughout 
^^th crystalline boron. The aluminium is dissolved out by strong soda-ley, iron by 
hot hydrochloric acid, and the residue is treated with a hot mixture of nitric and 
hydrofluoric acid, to remove silicium. The crystals of diamond boron thus far purified 
are stiU mixed with graphitoidal boron and crystalline laminse of alumina ; the fbrmer^ 
being light, may he separated by levigation; the latter only by careful mechanical 
selection. 

Adamantine boron forms quadratic octahedrons, in which the principal axis is to 
the BMondary axes as 0*677 : 1. The crystals vary in colour, from a scarcely per- 
Mpubte honey-j^llow to deep garnet-red ; sometimes they are so deeply coloured, pro- 
rably by amorphous boron, that they appear black. In lustre and refracting power, 
they are neuly equal to the diamond. Their specific gravity is 2*63. They are ex- 
tremely hard, al^ya sufficiently so to scaratch comndnm with facility, and some 
cryst^ are ne^ly as hard as ffiamond itself. The hardest are obtained W repeated)^ 
expoeu^ alnm i n inm to the action of boric anhydride at a temperatiire high anoQflh to . 
cause the anhydride to volatilise very quickly. 

e It has lately been shown to be merely a borf<ie of almninittm. (See SomimMT, p. Sd9.> 
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Adatfianline boron does not Aiae, eTen at the heat of the oxyhydrogen blo'Vi^ipdi and 
wthstands the action of oxygen even when, very strongly heated; but it is slightly 
oxidised at the temperature at which the diamond burns, a film of boric anhydride 
being then formed, which stops further oxidation. Heated on platinum-foil before the 
blowpipe, it forms a fiisible boride of platinum. It is not attacked by acids at any 
loinperaturo, but when heated to redness with acid sulphate of potassium, it is con- 
verted into boric acid. It is not attacked by a strong boiling solution of caustic soda, 
but is slowly dissolved by hydrate- or carbonate of s^um at a red heat Nitre does 
not appear to act upon it at any temperature. 

Boron unites, as already observed, with oxygen and with nitrogen, also with 
chlorine, bromine, fluorine, and sulphur. With metals it does not, for the most part, 
unite readily ; but borides of palladium and platinum are known. The platinum 
compound is very fusible, so that boron, in either of its modifications, if ignited on 

g ’atinum-foil before the blowpipe, instantly perforates the platinum. (Wohler and 
eville.) 

Boron in all its combinations appears to be triatomic ; the chloride being BOB, 
oxide B'^O®, the hydrate (boric acid) H®BO®, &c, ' ^ 

SOROWf SROlMtZBB OST. BBr*. — Discovered by Poggi a 1 e in 1846 (Compt. rend, 
xxii. 124), but first obtained pure by Wohler and Devi lie (Ann. Ch. Phys. [3] lii, 
89.) It is produced by the action of bromine on amorplious boron, or on boric anhy- 
dride in presence of charcoal. The best way of preparing it is to pass bromine-%'apour 
over heated amorphous boron, previously well dried in a current of hydrogen ; then 
digest the product for some time with metallic mercury, to remove excess of bromine^ 
aud distil. 

Pure bromide of boron is a colourless mobile liquid, of specific gravity 2*69, vola- 
tilising readily at ordinary temperatures, in colourless, pungent vapours, and boiling 
under the ordinary atmospheric pressure, at 90® C. VHjxjur-density (referred to air), 
by experiment, 8*78 ; by calculation (2 vol.) =» 8*7. It fumes in moist air, and is in- 
stantly decomposed by water, wibti formation of boric and h^drobBomic acids. With 
dry ammonia-gas, it forms a white pulverulent substance, which is converted by water 
into bromide and borate of ammonium: possibly thus : 

BBr®. 4NII* + 2H®0 = 3NH*Br + NH'BO*. 


BOXOSTy CHBORZBS Ol*. BOP. — ^First prepared b^ Berzelius (Pogg. Ann. 
ii. 147), afterwards by Dumas (Ann. Ch. Phys. [2] xxxi. 436; xxxiii. 376), more 
exactly investigated by Wohler and Deville {imd. [3] lii, 88). It is formed by the 
direct combination of chlorine and boron, which takes place at ordinary temperatures, 
or at a gentle heat ; also by heating boron in hydrochloric acid gas, or a mixture of 
boric anhydride and charcoal in chlorine gas, and by the action of boron at a red heat 
on cliloriae of mercury, lead, or silver. 

To prepare it, amorphous boron, loosely packed in a glass tube, is first freed from 
moisture by passing dry hydrogen over it at a gentle heat ; the tube is then left open 
for a few seconds, to allow the hydrogen to escape ; after which, diy chlorine gns is 
passed through the tube, the action being assisted if necossaiy, by gently heating ^6 
tube in a combustion furnace. Combination then takes place, attended with evolution 
of light and heat ; and the vapours of chloride of boron are passed tlirough a caout- 
chouc connecting-tube into a Y-shaped tube, the two upper arms of which are sur- 
rounded with ice and salt, while the lower arm conveys the condensed h'quid into a 
receiver placed below. The product may be freed from excess of chlorine by digestion 
with mercury. A small quantity of oxychloride of boron is generally formed at the 
same time, by the action of a little air or moisture left in the apparatus ; but it con- 
denses in the cooler part of the combustion-tube. The chloride of boron may be freed 
from excess of chlorine by digestion with mercury. 

When the vapour of chloride of boron is mixed with hydrogen, as when it is mo- 
duced by heating boron in hydrochloric add gas, or with carbonic oxide, as vmen 
produced by the action of chlorine on a hot mixture of boric anhydride and eharcoalf 
it is very difficult to condense; indeed, chloride of Iwron was originally regarded as a 
gas at ordinary temperatures, until Wohler and Deville obtained it in a state of punty 
by the process above described. . .j l • 

Pore chloride of boron is a colourless, mobUe, strongly refracting Hqnidj haying a 
specific gravity of 1*36 at 17® 0. (? 7®) ; it expands very perceptibly by a 
2® of temperature. It boils at 17® 0. Vapour-density, by experim^t - 4*06— 4 0^ 
by calculation (2 voL) » 4*07* It ftimes in damp air, and is quickly deewnpos^ by 
water, vieldine boric and hydrochloric adds. With alcohol, it ibrins, 
of terapei^ure^ hydrochlonc acid and borate of ethyl : similar reactions with methyuo 
and amylic alcohols. 
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Ammoni(M!hloride of Boron^ 8NH*.2BC1*, is formed, "with evolution of heat^ 
when dij ammonia>ga8 is passed over chloride of boron. It is a white, finely ciys- 
talline powder, whi<^ sublimes unaltered when heated alone, though not so easily as 
sal-ammoniac. It does not fume in the air, but is decomposed by water, yielding ^rio 
acid, chloride of ammonium, and hydrochloric acid : 

2B01»:3NH» + CH^O = 2H*B0» + SNH^Cl + SHCfL 
When the vapour of this compound, mixed with ammonia-gas, is passed through a 
red-hot tube, nitride of boron is produced. 

S01l0Xir« CB&OROC7wa.XrX]>Z3 03P. See Cyanogen, Chlobidb of. 

SOlLOSTt DBTBCTXOXr BITB BSTZZMCJaTXOXr OS'. Boroii almost always 
occurs in the form of ’boric acid, and therefore the reactions by which it is detected 
are best considered in detail in connection with that acid (see page 639). When the 
acid is in the free state, it is easily recognised by the green colour which it imparts to 
fiame, especially to an alcohol flame, and by its peculitir action on turmeric paper. If 
the acid is in combination with a base, tlxe compound must first be decomposed in the 
state of powder by sulphuric acid, and the boric acid extracted with alcohol. NatiA'e 
borates not decomposiblo by sulphuric acid, must be fused with potash, and then 
digested with alcohol and sulphuric acid. Another method of detecting boron in 
minerals is to mix the pulverised substance with 4 pts. of a flux containing 1 pt. 
pounded fluorspar and pts. acid sulphate of potassium, made into a paste with a 
little water, and heat the mixture on a platinum wire in the inner blowpipe flame. 
As the mass melts, fluoride of boron is given off, and imparts a yellow-green colour to 
the outer flame. If the quantity of boron present is small, this appearance lasts only for 
a few seconds, ceasing, in fact, as soon as the fluoride of boron is completely volatilised. 

The green colour imparted to flame is a very delicate test for boron. Before 
applying it, however, care must be taken to ensure the complete absence of copper, as 
the salts of this metal impart a veiy bright green colour to flame. Certain chlorine- 
compounds also colour flames green, as when hydrochloric acid is dropped into an 
alcohol flame ; hut the green colour thus produced has a decided bluish tinge, which 
distinguishes it from that ixroduced by lx)ron. Lastly, phosphates moistened with 
sulphuric acid, also give a faint green colour to the outer blowpipe flame. 

^ Quantitative Estimation , — The exact estimation of boron presents considerable 
difficulties, as all borates are more or less soluble in water or in alcohol, and boric acid 
cannot be heated witliout loss in contact with water. The best mode of direct esti- 
mation, originally proposed by Berzelius, and perfected by Stromeyer (Ann. Ch. 
Pharm. c. 82), is to precipitate the boron as borofluoride of potassium, which is quite 
insoluble in ^cohol of a certain strength. This mode of precipitation, however, is 
directly applicable only when the boron exists in solution as borate of potassium : any 
other bases present must first be separated. Borates of the alkaline-earth-met^, 
e^th-metals, or heavy metals, are fus^ with carbonate of potassium ; and the mass is 
digested in water, which takes up nothing but borate of potassium, except perliaps a 
trace of magnesia. Borate of sodium is treated with alcohol and sulphunc acid ; the 
alcoholic liquid filtered from the sulphate of sodium, is mixed with excess of potash 
free from silicic and carbonic acids ; and the alcohol is evaporated. The alkaline borate 
of potassium obtained in eitlier case, is now to be saturated with pure hydrofluoric 
acid, and the liquid evaporated to dryness in a silver or platinum vessel ; the diy 
saline mass is macerated with a solution of acetate of potassium (1 pt. of the salt to 
4 pts. water) ; the uudissolvcd borofluoride of potassium is collected on a weighed filter 
supported on a gutta-percha funnel, and washed, first with the solution of acetate of 
potassium, which removes chloride, phosphate, and sulphate of potassium, likewise 
sodium-salts though slowly, and afterwards with alcohol of 84 per cent. iS^les (spe- 
cific gi:avity 0*8526), then dried at 100® C. and weighed, 100 parts of the boiofliioride 
correspond to 27 78 boric anhydride, or 9*06 boron. 

To ascertain whether the^precipitato is pure, it is dissolved in boiling water, which 
loaves behind anv traces of magnesia that may be present, and the solution is treated 
with ammonia, which precipitates silica if present ; the precipitate may then be washed, 
first with acetate of potassium, then with alcohol, and its weight ascertained. 

The quantity of free boric acid in an aqueous or alcoholic solution, cannot be detei^ 
mined by evaporation to dryness, because a considerable quantity of the acid goes off 
with the aqu^us or alcoholic vapours : even the presence of excess of lead-ozide^ 
baiyta, or basic phosphate of sodium, does not completely prevent tTiiff evaporatioii* 
Ammonia prevents the volatilisation to a greater extent than either of these substancefl^ 
but it does not quite prevent loss. The only exact mode of determining boric acid by 
evaporation, is to supersaturate the liquid with a known weight of pure fused cezboiiate 
of sodium (about 2 pts. of the carbonate to 1 pt of acid 8ui^)o^ to be present) ; then 
evaporate to dryness, and ignite the residue in a covered crucible. The amount of 
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carbonic anbydrido in the residue is then to be determined by the method nven under 
AUCALIMBTBY (p. 149), and deducting this, together with the known weight of soda 
contained in the carbonate added, from the total weight of the residue, the remainder 
ii 9 the quantity of boric anhydride present. 

Soron in borates may be estimated indirectly in several ways. The best method is 
to digest a weighed quantity of the pulverised compound in a capacious platinum 
crucible, with hydrofluoric acid, then gradually add strong sulphuric acid, and heat 
the mixture, gently at firsts and afterwards to redness, till the excess of sulphuric acid 
is expelled. The boron is then completely driven off as fluoride, and the bases remain 
in the form of sulphates. If only one base is present, its quantity is easily calculated 
from the weight of the residue. If two bases are present, e,g. potash and soda, the 
amount of sulphuric acid in the residue must be ascertained ; the quantities of the two 
bases may then bo found by the method given under Ikdiuect Analysis (p. 224). If 
more than two bases arc present, they must be separated by the usual mefiiods. The 
weight of the bases deducted from that of the original substance, gives the amount of 
boric anhydride. 

Instead of driving off the boron as fluoride, it may be volatilised os borate of ethyl, 
by treating the pulverised borate witli strong sulphuric acid and alcohol. Or tno 
boric acid set free by the action of sulphuric acid, ‘may be dissolved out by alcohol 
and separated by flltration ; but this last method is applicable only when the resulting 
sulphates are completely insoluble in alcohol. 

]&oric acid combined with potash or with soda, may bo estimated volumetrically 
by means of a standard solution of sulpliuric acid. The solution is coloured with 
t incture of litmus, and the sulphuric acid is cautiously added from a burette, till the 
wine-red colour flrst produced by the liberation of the boric acid, changes to the bright 
red which indicates the presence of free sulphuric acid : this takes place as soon 841 
the quantity of sulphuric acid (H*SO*) amounts to 1 at. for 2 at. of potash or soda 
(KIIO or NaHO). Hence the amount of the base is found, and this deducted from 
the total weight of the diy salt, gives the boric acid. 

Separation of Boron from other 'Elements . — When boric acid is in com- 
bination with several bases, it is best to estimate the amount of these bases at once, 
and determine the boric acid (or anhydride) by difference* From the metals of the 
first group, copper ^ for example, boron is easily separated by sulphuretted hydrogen ; from 
and others of the second group, by sulphide of ammonium. From barium it is 
separated by sulphuric acid ; from strontium and calcium^ by sulphuric acid and alcohol ; 
from magnesium^ by ammonia and phosphate of sodium : the precipitate in this last 
case generally contains a small quantity of boric acid. 

The separation of boric acid from all these bases may likewise be effected by fbsion 
with alkaline carbonates ; in the case of magnesia, carbonate of potassium must bo 
used, because soda forms with magnesia an insoluble compoij^id. 

Sulphuric add is easily separated from boric acid by precipitation with chloride of 
barium ; hydrochloric^ hydrohromiCf and hydriodio acids, hy adding nitrate of silver to 
the solution acidulated with nitric acid; phosphoric acid^ by ammonia and sulphate 
of magnesium. 

The estimation of boron in presence of fluorine is difficult. Metallic borofluoridea 
are analysed by heating them with sulphuric acid, whereby fluoride of boron and 
hydrofluoric acid are cfrlven off, and the metal remains as sulphate, from the weight 
of which its quantity may be determined, and hence the amount of the boron and 
fluorine together. If the compound contains water of crystallisation, it must be de- 
termined by mixing the compound with 6 pts. of oxide of lead, covering the mixture 
in a retort with a layer of oxide of lead, and exposing it to a heat short of rednesa. 
The loss of weight gives the water. 

In a mixture of a borate with a fluoride, it is impossible to determine either the 
boron or the fluorine exactly. By dissolving the compound in excess of nitric acid, 
and adding excess of carbonate of calcium, the fluorine is precipitated as fluoride of 
calcium, but not completely, probably because a borofluoride is formed. ^ 

The estimation of boron in silicates is likewise difficult. If the silicate is decom- 
posed by acids, like datolite or botryolite, it is finely pulverised, heat^ in a corked 
flMk with hydrochloric acid, at last nearly to boiling ; the tbidi jelly is then diluted 
with water and filtered ; the filtrate oupersatorated with ammonia, which separatea 
alumina ; oxalic acid is added to precipitate lime ; and the filtrate, which now contalna 
nothing but boric acid in combmation with ammonia, is evajporated in a platinum 
capsule over the water^bath, with frequent addition of ammonia. The diy rwidue is 
then gradually heated to redness in a covered platinum crucible, whereupon borw anhy- 
dride remmns mixed with a little silica. The bmric anhydride is afterwards dissolved 
Out by water, and the residual mlica weighed. The result* is not quite exact, as a little 
boric acid goes off even in presence of excess of ammonia, but the loss is not c on s u l e rable, 
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In silicates not decomposible by acids, boron is estimated by heating the pulverised 
mineral, first with hydrofluoric and then with sulphuric acid, whereby the boron and 
silicium are expelled as fluorides. The bases then remain as sulphates, and are de- 
termined by the ordinary methods. In another portion of the mineral, the silica is 
determined by fusion with a mixture of the carbonates of potassium and sodium, 
treatment of the residue with hydrochloric acid, evaporation to dryness, digestion of 
the residue in acidulated water, ^tration, and washing, — whereupon the silica remains 
on the Alter in a state of purity, and may be ignited and weighed. The bases and the 
silica having been thus determined, the boric anhydride is found hy difference, the 
result being of course affected by aU the errors in the several determinations. 
(H. Eose, Analyt. Chem. ii. 734.) 

The estimation of boron in organic compounds, is generally effected by mixing the 
compound with ammonia in a capacious platinum crucible, then evaporating and 
igniting the residue. This method, according to Ebelmen, always involves a loss of at 
least 2 per cent, of boron, and that loss may even amount to 4 per cent. A better 
method might perhaps be to heat the compound with nitric acid in a sealed tube, ac- 
cording to Carius’s method (p. 247): the boron would thereby be converted into 
boric acid, and might then be estimated by any of the methods above given. 

Atomic Weight of jfforow.— The earlier experiments of Gay-Lussac and Th^nard, 
Davy, and Berzelius, in which the atomic weight of boron was estimated by the amount 
of oxygen absorbed in its combustion, did not lead to concordant results. Berzelius 
afterwards determined its value from the amount of water in crystallised borax, which 
ill three experiments, he found to bo 47T per cent. Now supposing the formula of the 
salt to be Na'‘*0.2B‘‘*0* + 1011*^0, and that the atomic weight of sodium is 23, this 
result makes the atomic weight of boron equal to 11. Experiments by DeWlle, re- 
ported by Dumas (Ann. Ch. Phys. [3] Iv. 129), on the proportion of chlorine in 
chloride of boron, gave, on the suppo.sition that the formula of the chloride is BCl*, 
the two results B = 11*0 and B = 10*6. Similar experiments with bromide of boron 
BBr*^, gave B = 110. This number appears therefore to have the greatest weight of 
evidence in its favour. If the form^a of chloride of boron were BCl*, the atomic 
weight of boron would be 7 *3. 

BOROBr, I'XiUORXDll OF* BF*. — Discovered by Gay-Lussac and Thinard, in 
1810. It is obtained : 1. By the action of boric anhydride on fluoride of calcium at 
high temperatures: 

3Ca"F* -h 7B*0* * 3(Ca"0.2B^0’») + 2BF\ 

An intimate mixture of 2 pts. fluorspar and 1 pt. vitroons boric anhydride is intro- 
duced into a gun-barrel dosed at one end, and heated to whiteness in a furnace with 
good draught, and tlie gas which escapes is received over mercury : borate of calcium 
then remains behind. — 2. By the action of hydi*ofluoric acid on boric acid or anhy- 
dride, viz. by heating a mixture of 1 pt. boric anhydride (or 2 pts. fused borax), and 
2 pts. fluor spar, with 12 pts, oil of vitriol, in a glass vessel ; 

3Ca"F* + B^O" + 3H=SO^ « 3Ca"SO^ + dR^O + 2BF*. 


This method is easier than the former, but the gas which it yields is not quite nure, 
as it contains a little fluoride of silicium, resulting from decomjwsition of the glass ; 
moreover part of the fluoride of boron is converted by the water into boric and hydro- 
fluoric acids. 

Fluoride of boron is a colourless gas, of pungent suffocating odour, like that of 
fluoride of silicium. Specific gravity « 2*37 (Davy); 2*31 (Dumas); and by cal- 
culation : 


11 + 3 . 18*7 
2 


X 0 0693 


2-29 


It reddens litmus, fames in damp air, and chars organic bodies like sulphuric sci^ 
It does not corrode glass. It is not decomposed by a red heat, or by the dectrie 
spark. 

Water absorbs about 700 times its volume of this gas, with great evolution of heat 
and increase of bulk, forming an oily liquid of spedfle gravity 1*77, which when 
boiled, gives off | of the dissolved gas, and leaves a residue consisting of B*0*.6HF, 
or 2BF^.8H^O, which may be distilled without alteration. Water incompletely satu* 
rated with fluoride of boron, deposits boiic acid on cooling, or aftex* standing for some 
time, while fluoride of boron and hydrogen HF.BF*, remains in solution. 

Strong suMuric acid absorbs 50 times its volume of gaseous fluoride of boron, Ibxm- 
ing a viscid liquid, which deposits boric add when mixed with water. 

Potassiumt sodium^ and the alkaline earth-metale, heated in fluoride of boron, be- 
eome covered with a blackish crust, which bursts at a red heat^ Uie metal then buraing 
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with bright incandescence, and forming a metallic borofluoride, with separation of 
boron, /row does not act upon the gas, even at a bright-red heat, ^lich lime absorbs 
tluoride of boron readily when heated, forming a fusible mixture of fluoride and borate 
of calcium. 

Dry amnwmia oos forms with an equal volume of fluoride of boron, a white, opaque, 
solid compound, which volatilises undccomposed, and is converted by water 

into borofluoride and borate of ammonium. By the further action of ammonia on this 
body, two liquid compounds, 2NH*.BF*, and 3NH*.BF*, are formed ; when exposed to 
the air or heated, they give oflF ammonia and reproduce the solid compound. 

According to Kuhlmann, fluoride of boron unites with nitric oxide, nitrous acid, 
peroxide of nitrogen, and nitric acid. 

Tluot»orio iLcid, HBO*. 3HF. — This compound, discovered by Gay-Lussac and 
Th<inard, is obtained by saturating water with gaseous fluoride of boron, the vessel 
being cooled wdth ice, and the gas-delivery-tube made to dip under mercury below the 
water, as otherwise the rapid absorption would cause the liquid to run back into the 
generating vessel. The saturated solution has a specific gravity of 1*77, and is nearly 
j)ure fluoboric anhydride, B*0®.6HF, or hydrate of boric fluoride, 2BF“.3H*0 (Gmolin^s 
tri-hydrofluate of boric acid, Handbook, ii. 363). On heating it^ ono-flfth 

of the absorbed fluoride of boron goes off, and there remains a liquid of specifle gravity 
1-584, which is fluoboric acid, H/'O.B^O^GHF, or HBO*.3HF. 

An easier mode of preparing this acid is h> dissolve boric acid or anhydride in hy- 
drofluoric acid contained in a platinum crucible externally cooled, avoiding an excess 
of boric acid, then evaporate over the water-bath, gently boil the remaining liquid 
in the covered crucible, till the vapours form a thick fume in the air, and leave the 
liqui<l to cool over sulphuric acid. It may also bo obtained by fusing an intimate 
mixture of 10 pts. fluorspar and crystallised borax, pulverising the fused mass, and 
distilling it with 16 J pts. strong sulphuric acid. The product thus obtained generally 
contains a little silica derived from the distillation-vessel. 

Fluoboric acid is an oily liquid, like oil of vitriol, fumes in the air, boils at a tem- 
perature above 100® C., and distils without alteration. It is highly caustic, chan 
organic bodies, and converts alcohol into ether. By dilution with water, it is decom- 
posed, one- fourth of the boric acid being separated, and a solution of hydrofluoboricacid 
remaining ; 

4(HBO«.3HF) - HBO« = 3HBF^ + 6H«0. 

Fluoboric acid forms salts, havinj^ the general formula ]Vn30®.3MP. They are pro- 
duced by the direct action of the acid on the bases, or by dissolving the corresponding 
Tiorates and fluorides in the proper proportions, and leaving the solution to evaporate. 
But few of them have been examined. 

The sodium-salt, KaBO®.3NaF + J aq, mystallises in small rectangular prisms, 
having their terminal faces obliquely truncated ; they have an alkaline reaction, give 
off their water at 40° C., and melt at a higher temperature. The fused salt, if quickly 
cooled, solidifies to a clear glass ; but by slow cooling, it becomes turbid, from separa- 
tion of fluoride of sodium, which remains undissolved on treating the mass with cold 
water, whereas boiling water dissolves the whole, reproducing the original salt. 

Another Jluoborate of sodium, NalIB*0^6NaF + 10 aq, is produced by slowly ev^ 
porating a solution of 1 at. borax and 6 at. fluoride of sodium. It ciystallises in small 
rectangular, four-sided prisms, which become turbid at 40® C. from loss of water, and 
behave like the preceding when melted and slowly cooled, (Handw. d. Ghem. 2^ Aufl. 
ii. [2] 279.) 

Bydroflttoborlc Bold. HBF*»BF®.HF. — Obtained by passing gaseous fluoride 
of boron into water, till the liquid is strongly acid, and exposing it to a low tempe- 
rature. Boric acid then separates, and hydrofluoboric acid remains in solution : 

4BF» + 2H®0 - 3BHF* + HBO* * 

A wim ilar solution is obtained by dissolving crystallised boric acid to iatnration in 
moderately strong hydrofluoric acid artiflcially cooled, 

Hydrofluoboric acid is known only in the state of dilute solution. It u decomposed 
by concentration, yielding hydrofluoric and fluoboric acids : 

BHF* + 2H*0 « HF 4- HBO* 3HF. 

In the dilute state, it does not attadc glass ; but if it be concentrated in a glass v^o^ 
the glass becomes coxxoded, tern separation of hydrofluoric amd ; i^ however, bone 
acid be added during the concentration, so aa to form fluoboric acid, no corrosion of 
the gloes takes place. 

Borofluorides * — rThese salts, whoee comporition is expressed by 
formulse, MF.BF* and M"F*.2BF*, are formed by the action of gaseous flumnde of 
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boron or Aqueous iluoborio acid on metallic duoridee; bf ike Aetfoa of metallic oxideg 
on hjniro£uoboric acid; or by dissolving a metaliic £uonde, together with boric acid 
in aqueous bydroHuorie acid; sometimes also by merely bringing a fuoride in coata^ 
with boric add, the liquid then becoming alkaline if previouely neutral, or eren if acid. 

Most borofluorides are soluble in water, and are obtained in the ciystalline state 
by evaporating their aqueous solutions. At a red heat, they are resolved into fluoride 
of boron and metallic fluoride. Distilled with sulphuric acid, they give off gaseous 
fluoride of boron and aqueous hydrofluoboric ueid. They are for the most part not 
decomposed by heating with alkalis or alkaline carbonates. 

Boroftttonde of Aluminium, crystallises by slow evaporation from a solution of hydrate 
of aluminium in excess of hydrofluoboric acid ; the crystals dissolve in water only 
when free acid is present. On mixing a solution of chloride of aluminium with boro- 
fluoride of sodium, a basic borofluoride of aluminium is precipitated, which, at a red 
heat, is resolved into fluoboric acid and borate of aluminium. 

Borofluoride of Ammonium, NH‘'F.BF*, is obtained by subliming a mixture of the 
potassium-salt with sal-ammoniac, or more easily by dissolving boric acid in aqueous 
fluoride of ammonium, ammonia being then evolved : 

4NH^F + H«BO« « NH^F.BF* + SH^O + 3NH*. 

It ciystallisoa by evaporation in six-sided prisms with dihedral summits ; dissolves 
readily in water, somewhat less in alcohol ; reddens litmus ; does not attack glass ; 
dissolves in aqueous ammonia, and crystallises out unaltered ; sublimes when heated. 

Borofluoride of Barium, Ba"^.2BF*.H*0. — ^Prepared by saturating hydrofluoboric acid 
with carbonate of barium, avoiding an excess, otherwise fluoride of barium and boric 
add are produced. Orystallises from a warm solution in long needles ; by slow evapo- 
ration in a warm atmosphere, in smooth rectangular prisms, often arranged in steps 
like common salt. Has an acid reaction ; tastes like barium -salts in general ; dis- 
solves readily in water j deliquesces in moist air. Alcohol decomposes it, dissolving an 
acid salt, and separating a white powder. The crystals effloresce at 40® 0. and decom- 
pose at a higher temperature. 

Borofluoride of Calcium. — ^A solution of carbonate of calcium in hydrofluoric acid, 
deposits on evaporation, a gelatinous mass, which dries up to a white powder, reddens 
litmus, and is decomposed watca*, with separation of a basic salt. 

Borofluoride of Coffer, Light blue needles obtained by decomposing the 

barium-salt with sulphate of copper, and evaporating the filtrate. 

Borofluoride of Lead, Pb"B*F®. — ^epared like the barium-salt, and crystallises with 
difflculty by spontaneous evaporation, in four-sided prisms ; from the solution evapo- 
rated to a syrup, in long prisms. Has a sweetish taste, with sour astringent aftertaste. 
Partially dissolved by water and by alcohol. Heated with oxide of lead, it is said to 
yield an easily fusible oxyborofluoride, whose aqueous solution is rendered turbid by 
the carbonic acid in the air. 

Borofluoride of lAthium, LiBF\ — Prepared like the copper-salt, and separates by 
evaporation at 40® C. in large prismatic czystals, which have a rather bitter and acid 
taste, and deliquesce in the air, sparingly soluble rhombohedral ciystals then sepa- 
rating, which have not been further examined. 

Borofluoride of Magnesium. — Easily soluble; crystallises in largo prisms; tastes 
bitter. 

Borofluoride of ’Potassium KBF^. — Formed like the ammonium-salt, by adding 
boric acid to aqueous fluoride of potassium. It may bo prepared by dissolving 2 at. 
(124 pts.), of crystallised boric aci{ and 1 at. (138 pts.) carbonate of potassium in excess 
of hydrofluoric acid, or by adding a soluble potassium-salt to hy^fluorio acid ; it 
then separates us a transparent ^datinous precipitate, which appears iridescent 1^ 
reflected light while suspended in the liquid, and dries up to a white powder. It 
dissolves in 70 pts. of cold, and in a smaller quantity of hot water, and crystallises 
from the solution in anhy^us, shining, six-sided prisms. It has a bittensh taste, 
and does not redden litmus. Alkalis do not dissolve it more readily than pure 
water. Ammonia does not alter it, unless the solution contains silica, in which case a 
precipitate is formed. It dissolves in boiling alcohoL When heut^ it flxst melts^ 
then gives off fluoride of boron, and if not quite d^, likewise fluoboric acid; and after 
prolonged exposure to a strong heat, leaves fluoride of potassiuin. Strong sulphuric 
add deoomi»seB it but slowly, even with the aid of heat. 

Borofluoride of Sodium, !NaBF\ fbrms short four-sided rectangular prisms, very 
soluble in water, less in alcohol ; has a rather bitter and acid taste, and r^defns 
litmus. The ciystals are anhydrous, melt below a red heat^ but require strong and 
prolonged igniti^ to decompose them completely into fluoride of boron and fluoride 
of sodium. 

Borofluoride of Yttrium dissolves only in water containing free adl It lA 
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evaporating. . 

Borofiuoride of Zincy Zn'T5*F*.’— Zinc dissolves in hvdvofluoboric acid with evolnUon 
of hydrogen. The solution evaporated to a syrup solidifies at low temperatures to a 
deliquescent mass. 

BOROV* XOBXna or* Not yet obtained in the pure state. Iodine and boron 
strongly heated together, form a product which appears to be an ozyiodide (Wohler 
andDeville). Boron does not decompose iodide of silver, even at temperatures 
above the melting point of the metal. 

According to Inglis, a mixture of boric anhydride and charcoal heated in iodine* 
vapour, yields a yellow sublimate, which has not been examined. 

BOBOV* VXnua>B or. bn. — This compound was discovered by Balmain 
(Phil. Mag. [3] xxi. 170 : xxii. 467 ; xxlii. 71 ; xxiv. 191), who at first regarded it as 
otipable of uniting with metals and forming compounds analogous to the cyanides ; 
but afterwards found that all these suppos^ metallic compounds were one and the 
same substance, viz. nitride of boron without any appreciable amount of metfd. 
This conclusion has been confirmed by Marignac (Ann, Ch. Pharm. Ixxix. 247). 
Balmain obtained this substance by heating l)oric anhydride with cyanide of potassium 
or cyanide of zin<^ or with cyanide of mercury and sulphur. It has since been more 
completely investigated by Wohler (Ann. Ch. Pharm. Ixxiv. 70), who prepares it by 
heating to bright redness in a porcelain or platinum crucible a mixture of 2 pts. 
dried sal-ammoniac and 1 pt. pure anhydrous ^rax : 

Na*0.2B*0* + 2NH'C1 « 2BN + 2NaCl + B*0» -r 41PO. 

The product is a white porous mass, which is pulverised and washed with water to 
free it from chloride of sodium and boric anh^^ide, the final washings beix^ made 
witli boiling water acidulated with hydrochloric acid. The boric anhydride is, how- 
ever, HO completely incorporated with the nitride of boron, that it cannot bo wholly 
removed by washing. A purer product might perhaps be obtained by using neutriu 
T)orate of sodium instead of borax, in which case, no excess of boric anhydride would 
be present : 

Na*0.B«0» + 2Nn<Cl 2BN + 2NaCl +4H»0. 

Wohler formerly prepared nitride of boron by igniting anhydrous borax with fhrro- 
cyanide of potassium. It is likewise produced when amorphous boron is heated to 
whiteness in a stream of pure nitrogen ; more easily, but with simultaneous formation 
of boric anliydride, when boron is ignited in a current of air, or of nitrous or nitric 
oxide gas ; also, with incandescence and evolution of hydrogen, when boron is heated 
in gaseous ammonia. (Wohler and Devi lie, Ann. Ch. Pharm. cv. 69.) 

Nitride of boron is a white amorphous powder, tasteless, inodorous, soft to the 
touch, insoluble in water, infusible, and non-volatile. If very pure, it exhibits when 
lieated at the edge of a fiame, a brilliant greenish-white phosphorescence, undergoing 
at the same time a slaw oxidation. Heated in an alcohol-flame fed with oxygen gas, 
it bums rapidly, with faint greenish-white flame, giving off fumes of boric anhydride. 
It easily reduces the oxides of copper and lead, giving off nitrous fumes. Heated in a 
current of aqueous vapour, it yields ammonia and boric anhydride : 

2BN + 3H*0 « B*0» ^ 2NH» 

Alkalis, and the greater number of acids, even in the state of coni^ntrated^ solution* 
have no action on nitride of bonron ; strong ^phuric acid, however, with the aid of heat* 
ultimately converts it into ammonia and boric acid. Fuming hydrofluoric acid con- 
verts it into borofluoride of ammonium. Nitride of boron nndexqgoes no alteration 
when heated in a current of chlorine. When fused with hvdrate of potassium, it 
gives off a large quantity of ammonia. With anhydrous carbonate of potassium, it 
yields borate and cyanate of potassium : 

BN + 2(K»CO*) - KBO* + KCfNO. 

It does not decompose carbonic anhydride, even at the highest temperatures. 

BOBOV* OBXBB OV. Boric Oscide or Anhydride* Anhydrous boric acid, 

— This the only known oxide of boron. It is formed when boron bums in oxygen 
in the air, or in nitric oxide gas (p. 626) ; but it is more easily obtained by exposing 
boric acid, which is its hydrate, to a strong hetat. Water then goMi ofl^ and the an- 
hydride melts to a viscid mass, which, on cooling, solidifies to a colourless brittle XuiM 
{vUrified boric or boracic acid) of specific gravitv 1*83. It cracks spont^usly in 
cooling, and the formation each crack is attended with a flash of light (Dumas), 
It is perfectly in the fir© when alone, but in presence of water, and stui more of 
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alcohol, it rolatilisea to a considerable amount It is j^rfecfly inodorous ; has % 
Blightly bitter but not sour taste ; dissolves readily in wat&, forming boric acid, also io 
alcohol. The alcoholic solution bums with a green ^me; so likewise does a mixture 
of boric anhydride and sulphur. 

Potassium heated with boric anhydride decomposes, it with visible combustion ; 
sodium decomposes it quietly. It is not decomposed by phosphorus- vapoip at a red heat, 
or by charcoal even at a white heat (Gmelin), It unites with metallic oxides when 
fused with them, forming borates. Prom its fixity in the fire, it is capable of decom- 
posing at high temperatures, not only carbonates, but likewise nitrates, sulphates, and 
mdeed the salts of all acids which are more volatile than itself. 

Borlo il.ol4l» 

Oxide of Boron and Hydrogen, Boracie Acid, Bel sedativum Hotnhergiu Bel 
narcotwum mlrioli, H®BO* or 3H*0.B*0*. — This acid is formed by the oxidation of 
boron in presence of water, e. a. by the action of nitric acid or aqua-regia on boron ; 
also by dissolving the anhydride in water. It occurs native in the free state in many 
volcanic districts, especially in Tuscany, where it issues from the earth together with 
vapour of water, and is found, either as an effloresence in the neighbourhood of hot 
springs, or dissolved in the water of small lakes or lagoons (Lagzmi), formed by 
the vapours themselves. It is also found in small quantity in several mineral waters, 
viz. in the boiling spring of Wiesbaden ; in the iodine- water of Krankenheil near 
Polz, and of the Kaiser spring in Aachen; in the mother-liquor of the salt-spring at 
Bex (Baup), and in several hepatic waters. A few borates are also found in nature 
(p. 626), especially borax, the acid borate of sodium, which exists in the water of 
certain lakes in Central Asia. 

Preparation. — On the small scale, boric acid is prepared from borax. 3 pts. of 
crystallised borax are dissolved in 12 pts. of boiling water, and to the filtered solution 
is* added 1 pt. of strong sulphuric acid, or so much hydrochloric acid that the liquid 
strongly reddens litmus. The greater part of the boric acid then separates on cooling 
in crystalline scales, and a larger quantity may be obtained by evaporating the mother- 
liquor. The crystals retain a certain portion of sulphuric or hydrochloric acid ; from 
the latter they are easily freed by gentle heating and recrystallisation. To obtain 
them free from sulphuric acid, they must be fused in a platinum crucible, and then 
recrystallised. 

Formerly all the boric acid of commerce was obtained from borax. It was first 
separated in 1702 by ilomberg, who prepared it by heating borax with calcined ferrous 
snJpliate in closed vessels, whereby sodio-ferrie s^phate was formed, and boric acid 
was carried over with the watery vapour which escaped. Boric acid may also be prepared 
by the decomposition of other native borates, e. g. borate of magnesium {boracite), 
and borate of calcium and sodium (boronairocalcite). 

Preparation on the large scale (^Payen, Precis de Chimie industrielle, 4d. 
1869, i. 423). — All the boric acid of commerce is now obtained from the volcanic 
district of Tuscany, where it is discharged from the interior of the earth by numerous 
jets of vapour called suffion% often rising in thick columns to a considerable height. 
The entire surface of the district, consisting of chalk and marl, is subject to constant 
shocks caused by subterranean agencies ; and columns of boiling water are frequently 
projected into the air, which is also strongly impregnated with sulpliuretted hydro- 
gen. These vapours contain, besides aqueous vapour, carbonic acid, sulphydrio 
acid, nitrogen, hydrogen, a gaseous hydrocarbon, and sometimes oxygen, together 
with a small quanti^ of bone acid and much solid matter carried up mechanically. 
Ch. Deville and F. Leblanc found, in the vapour of one of the sufiSoni, about 91 per 
cent. CO®, 4 per cent. H®S, and 6 per cent, nitrogen and combustible gas'3s. 

The vapours which issue from the clefts do not contain any appreciable quantity of 
boric acid, but where pools are formed round the sufBoni, either artificially or by 
natural condensation of the vapours, the water soon becomes charged with boric acid. 
Probably the greater part of the acid is first deposited on the sides of the ele^ 
before it reaches the surface, and when water penetrates into them, the acid is dis- 
solved and thrown up in the state of solution. 

To obtain the boric acid, the sufiioni are 8urrt>unded with basins of coarse masonry, 
glazed on the inside, and large enough to enclose two or three suffioni. A series of these 
basins are construct^ on the hill-side, and into the uppermost AB (^. 106), the water 
of a spring is turned, and after remaining there 24 hours, during which time it is kept 
in a state of constant agitation by the subterranean vapour, it is made to pass tbiou^ 
the tube a, into a second basin C D, where it likewise remains 24 hours, and takes np 
a second quantity of boric acid; thence it passes successively by the pipes 6, c, into 
the third and fourth basins, the liquid discharged from a lower basin being con- 
tinually supplied from the one above it. When the liquid has thus traversed sis 
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From the last lagoon G, H (fys. 107, 108), the solution passes into a large vessel 1. 
called a vasco^ where it deposits a quantity of mud, and afterwards into two smaller 
reservoirs J, K, for further clarification. From K it passes into a series of leaden 
pans, shown in section in fg. 106 and in plan in Jig. 107, placed one above the other 
1 11 the manner of terraces on a wooden scaffold. Formerly these pans were heated by wood 
tiros ; but this was found too costly, the district being nearly bare of wood; the evapo- 
ration is now performed by means of the subterranean heat, one or more of the jots 


Fig, 107. 
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of steam enclosed in pipes being conducted between the foundation and the bottom of 
the pans. The steam enters beneath the bottom pans, and is carried regularly upwards, 
so that the lowest pans, which, contain the most concentrated liquid, Wcome most 
heated. This mode of utilising the subterranean beat was introduced in 1817, by 
Count Larderel, at that time the proprietor of all the lagoons, and had the effect of' 
^nveiting an unprofitable branen (ff industry into one which is now the source of 
immense wealth. 

Another form of apparatus for the evaporation is shown in fig, 109. The liquid, 
after leaving the vasoos A, ^ passes into a shallow boiler C, fix>m which it is moite to 
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. .fonslowly overall inclined sheet of le^ D, E, about 150 feet long, and having obrrnga. 
dons on its sai^su^ef which form a series of channels. The liquid in running over this 


Fiff. 109. 



surface, gradually^ evaporates, and the solution ultimately reaches the basin F, at a 
degree of concentration fit for ciystallisation. Heat is supplied by the vapour of one 
of the suffioni introduced under the basin F, and carried up under the sheet of lead to C, 
This method of evaporation is easier than the preceding, and does not introduce so 
much lead into the solntion. 

The solution of boric acid concentrated by^ either of these methods, is next mixed 
with the mother-liquor of a preceding operation, and poured through the funnels K, 
into the round crystallising tubs S, S, {Jiffs. 107 108, 110) which are made of wood lined 



with lead. The crystals are taken out after a while, and placed to drain in baskets, J, 
on the top of the tubs, the mother-liquor running into receivers placed under the floor. 

Lastly, the crystals, while still moist, are spread out on the floor C C, of tho drying 
chamber I) 111). ^ This chamber has a double floor, and is heated by steam enter- 
ing at A, and circulating between the two floors. 

The product thus obtained is far from pure, not containing more than about 7G per 
cent, of boric acid. The composition of the crude acid, according to the analyses of 
Wittstein and Payen, is as follows : 


Crystallised boric acid 





Wfttitein. 

76-5 

Payen. 

74 to 840 

Ferric sulphate . 





0-4 


Sulphate of aluminium 





0*3 


Sulphate of calcium . 





I’O 

2’4 to 1*2 * 

Sulphate of magnesium 





2'6> 

14 0 to 8 

Sulphate of ammonium 





8'5{ 

Sulphate of sodium 





0'9 


Sulphate of potassium 





0-4 


Sulphate of manganese 





trace 


Chloride of ammonium 





0-2 

2-6 to 1-0 

Silica .... 





1*2 


Sulphuric acid . 





1*3 


Water 





6-6 

7-0 to 6-8 1 


Schmidt found, in crude boric acid from Tuscany, 80 per cent, boric acid and 20 per 
cent, impurities, chiefly the sulphates of ammonium and magnesium. Hichardson and 
Browell found in some samples, not more than 36 to 42 per cent, of the pure acid 
[? crystallised or anhydrous]. The experience of the French manufacturers of borax, 
aeems to show that the impurities in boric acid from Tuscany become greater year by 
year, which may perhaps be due to the increasing disintegration of the earthy strata 
by the aqueous and acid vapours. 

Of the origin of the vapours by which the boric acid is brought to the surface, nothing 
certain is known. Dumas has suggested that they may proceed iri>m a deep-seated 
bed of sulphide of boroi^ with which the water of li&es, or of Uie sea, comes in conta^ 
thereby producing boric and sulphydric acids. Part of the boric acid may thus bo 
supposed to act upon the carbonates of calcium and magnesium in the soil, oonvertihg 

• Including mumI, clay, Oc* t IncluUIng organic 
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beii^ o»diiie^ the ax^ ftee ralidiuv, which ie depoeitod on the 
the suffiom. mie Mmonxe,^ otgme matter ere derived fin>m the water, 
saline unpimtiea the water and the earthy etrataj through which the vapours 
make their way. BoUov suppoeee that the boric acid and eiunionia may resnlt^m 
the action of solution of sal-ammoniac at a boiling-heat, on l^tas contained in the 
earth ; and according to Wwrington, the formation of these maybe ascribed to 

the action of water on nitride of boron. There is, however, nothing positive to indi- 
cate the nature of the narticular compound or compounds of boron, to which the elimi- 
nation of the boric acid is really due. 

Property , — ^Boric acid crystallises from water in white, translucent, nacreous, siv- 
sided lamuue, somewhat unctuous to the touch ; it is inodorous, and has a faint, 
scarcely acid, rather bitterish, cooling taste. • Specific gravity =» 1'48. It dissolves in 
2-67 parts of TOter at 18<^ C. ; in 14 9 parts at 26®, in 107 parts at 60®, in 47 parts 
at 76®, and in 2*97 parts at 100®. (Ilrandes and Firnhaber.*! It is still more 
soluble in alcohol and in volatile oils. ^ 


Boric acid dissolves in warm concentrated sulphuric, nitric, or hydrochloric acid, but 
separates for the most part on cooling, or on addition of water. Its solubility in water 
is increased by addition of tartaric acid, tartrate of potassium, Rochelle salt, racemic 
acid, or alkaline racemates. 


The CKystaUised acid heated to 80®— 100® C., gives off 21*8 per cent, water, that is to 
say, half the quantity which it contains, leaving or 3H»0.2B*0» (according 

Schaffgotsch, it gives off nearly all its water at 100® C.) ; by prolonged heating to 
160® it is deprived of 2 at. water more, leaving ir‘0.2B*0*, and at a 

stronger heat, the remaining watt^r goes off, leaving the anhydride BK)*, as a fiised 
viscid mass, which solidifies to a fissured glass on cooling (p, 636). 

Peactions . — A cold saturated aqueous solution of boric acid colours litmus -tincture 
wne-red (the tint of port wine), like carbonic acid, but a hot saturated solution 
colours it bright red. Turmeric paper moistened with the alcoholic solution of boric 
acid acquires a reddish-brown colour, quite different from that produced by alkalis, 
and becoming distinct only after diyin^: it is intensified by acids, especially by 
hydrochloric, sulphuric, nitric, and tartanc acids, and turned black by alkalis. 

The alcoholic solution of boric acid burns with a beautiful green-edged flame, a 
reaction which is quite characteristic of boron, provided copper and certain chlorine- 
compounds pe absent. This green colour is not produced, however, when the acid is 
in combination with an alkali or other base ; and its production is partly prevented 
by the presence of chloride of sodium or calcium, and even by small quontiti^ of tar- 
trate of potassium or Rochelle salt (doubtless because these salts are partly decomposed 
by the boric acid, and neutralise it), also by free tartaric acid or phosphoric acid. In 
either of these cases, the green colour appears on addition of sulphuric acid, or of a 
considerable quantity of hydrochloric acid (H. Rose, Pogg. Ann. cii. 646). It must 
be observed, however, that a green flame, though of a more bluish tint^ is produced 
when hydrochloric acid itself is dropped into burning alcohol. (See p. 630.) 

For the reactions with metallic salts see p. 640. 


Borates* (Berzelius, Trait6, voL i — iv. Om, vol. i — vi. Handw. d, Ohem. 
2»« Aufl. iL [2] 303. H* Rose, Pogg. Ann. ix. 76 ; Ixxxvi. 681 ; Ixxxvii. 1, 470 and 
687; Ixxxviu. ’ 299, 482; xci. 462. Wohler, ifnd. xxviii. 626. Rammelsbefg, 
Ixix. 445. Ebelmen, Ann Ch. Phys. [3] xxxiii. 34. H erapath, Ann. Ch. 
Pharm. Ixxii. 264. Bolley, ibid. Ixviii. 122. Laurent, Ann. Ch. Phys. [2} Ixvii. 
216. Tissier, Compt. rend, xxxix. 192; xlv. 411. Bloxam, Cfaem. 8oc. Q,u. J. 
xii. 177 ; xiv. 143.)— Boric acid forms salts in which the proportion of anhydrous base 
(M®0) to anhydrous acid (B*0*), or of metal to boron, ranges between the limits 9 : 1 and 
1 : 6, Those which contain equal proportions of base and acid ore usually regarded 
as neutral or normal borates, the rest as basic or acid. The following proportions 
have been observed : 

Baitc. Keutral. Acid. 

9M*0,B*0* M*O.B’»0* 2M»0.3B*0* 

6M*O.B»0» M*0.2B*0* 

9M*0.2B*0* M*0.3B*0* 

3M’O.B*0* M«0.4B*0» 

6M*0.2B*0» M*0.6B*0* 

2M’'O.B*0* M*0.6B*0» 

8M*0.2B*0* 


Kost of the JOrcalled idd bm however, contain several atoms of water; and If 
the whole or j)^ of this water be regarded as basic, we shall find that nearly all 
arn|^^ in two dUisaee, onihohnf ates ar4 metahorates (so called 
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TBe latWr'^ foriiiitla, which, whe^ *» 1^ t>ecoines^that eo^caHetf- aetjl^ 

borates, MBO\ i^Gludcs the greater number o£ s^jta ^ bor!Sr acid*' Nli^l^hdess 
it appears probable that boric acid is e^ntiaUy that t|iei hcAtres con- 

taining 3 metal to 1 at. boron are its norotob^alts *i|[aahce c^64t dM^doj^tes) : 
for crystallised boric acid contains and there bj^ boric ethe^^sontai^ng 3 at. 

alcohoUraiiiicle tb' 1 at* boron, whereas none are known of the form _ ipoi^y^ 

it tmpears from the e:|p^iments of llloxam, that ^rie acid, .^e^ig^ited ^th n^etailie 
hyd^tes, but 3 at. of water, forming a trimetallic borate, in the case 

>«( hydrate of potdssi^ixni in which the water is retained with peculiar throe); and when 
Hieated to bri|g^ tedhess with carbonates, it expels a quantity of caihonic anhydiide 
approachihg mpth nCterly to 3 atoms as the base is weaker, that limit being actually 
reached in the of strontia. (See Borates of BAunTiu, LiTumM, Potj^iUM and 
SoDiuic.) TheTO appear also to be a few borates intormocUate in compositioii between 
ortho- and metaborates, viz. M*BW — M*BO*.MBOA y*) 

Borates containing more than 3 at. metal to 1 at. l)oron may be regarded iis com- 
pounds of oftbbl’oi'ntes with metallic oxides or hydrates (see Borates op AwnnNiuM); 
and those anhydrous borates which contain more than 1 at. boron to 1 at. metal may 
be regarded as metaborates combined with boric anhydride; e.ff. anhydrous borax, 
Na*0.2B^0» = 2NaB02.B*0*'. 

Borates are formed by the action of l)oric acid on metallic oxides or their salts, 
either in the wot or in the dry way. At high temperatures, boric acid or anhydride 
decomposes carbonates, sulphates, clilorides, and indeed the salts of all Tolatile acids. 
Acid borates, borax for example, take up additional quantities of base when ignited 
with metallic oxides, and likewise decompose the salts of volatile acids. In the wet 
way, on the contrary, b'onc acid acts as a very weak acid, being separated from its 
combinations completely by mostacids, and partially, under certain circumstances, oven by 
carbonic acid, sulphydric acid, and water. In concentrated solution, however, it decom- 
poses carbonates, especially at the boiling heat ; also soluble sulphides and precipitated 
sulphide of manganese. It has but little power of neutralising the alkaline reaction 
qi the stronger bases, so that even tlie solutions of many of the polyacid borates 
. i^l^ibit a strong alkaline reaction to litmus, Avhich is not neutralised till the base is 
combined with 5 or 6 atoms of boric acid, and even then the liquid does not exhibit 
an acid reaction. ^ ^ ' 

^The borates of the alkali-metals dissolve readily in water, but are precipitated by 
afoohol. All other borates dissolve but sparingly soluble in water ; but none are perfectly 
insoluble. The sparingly soluble borates may be obtained by precipitation. Many of 
these pffcipitates are soluble in excess of the soluble metallic salt from which they j^ve 
been foflhsd, but not in excess of alkaline borate ; c,ff. the precipitate formed by l^ax 
dissolves, in solution of chloride of barium, but not of borax : they are often likewiset 
soluble in chloride of ammonium and in free boric acid. The sparingly soluble borates 
are easily decomposed by water, especially when boiled with it, the boric acid being|j 
sometimes almost completely removed. Hence it is veiy difficult th^ saltef ;. 

in the pure state. H. Rose, in Ifis elaborate investigation of the borate^ purifted the 
precipitates as completely as possible by repeated pressure between withoift 

washing, and afterwards estimated the quantity of foreign salts still attv9i^ 
precipitate. The soluble borates are likewise decomposed by water, .If a* stri>i^ 
solution of borax be mixed with slightly reddened tincture of litmus, the Rqirid retamd 
its faint red colour, but on dilution with water becomes distinctly bliii^ behavii^ ‘ 
indeed like a dilute solution of tree alkali mixed with boric acid. Nentij^ 
alkali-metal exhibit a similar reaction. ^ ^ " 

When a solution of an alkaline borate coloured with tincture of litmus is gradtitt^x , 
mixed with sulphuric acid, the liquid exhibits a wine-red colour till all the : 

saturated with sulphuric acid ; ai^r tha^ a single drop of sulphuric acid produces 
bright red colour. . 

Solutions of alksdine borates absorb carbonic and aiil|^vdric acid gases ; 
monia from its salts when boiled with them, like dilute alkalis ; their dilute 8m|||^|||M 
also react like alkalis with meiCUiy andtrilTeinmlts, (uid 
(See Borax, p. 648.) ^ ■ 

The soluble borates, botlt-ue jlinit^ 
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of soit^m, does not prtftipitate ai^phate of 
ling^ a precipitate forms which msappOanr again on 
acid borate ; nearly, if by the neural borate. 
^aU- metal form with manganous saltSi [precipitate 

l7v Cnlnliln in flal-ammrmrkiaA ^ 


ittcr.f easily sol aide in sal-ammoniac. 




Dilute eolutibns of nqutral borates of alkali-metal form wilh Hiver, a 

brown preQi{^ti^ of^ear^ pure oxide of silver, insoluble wa-feaT", : f f*^y 

isolublo^ in annierat |r or nitric acid. A concentrated solution bon^tW-lCra^ 

n-ith silveiNmlt^ a brown precipitate which dissolves in 4 xatjj^ dtilditity of 
leaving only flight residue of oxide of silver: Concen^te^ iblutl&is of acilr 
borates bf alkali-x^etal form with nitrate of silver a white precipilfcte <^lK)rato of 
silver, ^dtolotely -soluble in a large quantity of water. Boralb of aiiipoiitum forms a 
white pr^mitate in concentrated silver-solutions, none in dill^ solutionSL^ 

6^^e borates, whether neutral or acid, give with mercuric cAlofi^ a bH)wn 
pTOcIplate^ of oxychloride, insoluble in excess of the men:ury-S8jlt»:A>'^ncentiat^ 
solutionsj^ive with neutral mercuroits vitrate, a yellow-brown precipS^, soluble in 
much water: dilute solutions, a blackish -grey precipitate which remains long sus* 
pendeA Basic mercurous nitrate forma with a strong solution of borax, a dingy, 
yellow-brown precipitate which dissolves in a large quantity of water, leaving black 
mcrcuroos oxide. 


If the solution of a calcium or magnesium salt be mixed with excess of boric acid, 
and to the boiling solution borax be added in quantity just sufBci^t to neutralise the 
acid of the calcium or magnesium salt, no precipitate is formed ; similarly witli salts 
of manganous, ferrous, cobalt, nickel, cadmium and zinc salts; but solutions of 
aluminium, chromicum, ferricum, stannicum, lead and copper, yield precipitates when 
thus treated. (Tissier.) 

For the reactions of borates with fluorspar and acid sulphate of potassium befbra the 
blowpipe (see p. 630). . 

Borates of Alumixiuh. — A solution of alum mixed with alkaline boratei yisMs 
precipitates which, according to H. Rose, are double salts of borate of aluminium^S' 
borate of the alkali-metal mixed with sulphate of potassium; water abstracts ^ 
^eator part of the latter and of the alkaline borate, leaving a basic borate of aluminium. 
In this manner, the precipitate produced by monosodic borate yields sex basic borate 
of aluminium, 2A1*0» + 3aq. « 6ar0.B*0* t 3»q- [al « f Al], which may also 


bo j^garded *8 an orthoborato conibinod with 3 at hydrate of aluminium » 
3ai"HW.— -By adding acid borate of sodium (bomx) to solution of alum, a tyfeipitate 
is ibfmed containing 3A1*0*.2B*0* -k- 7aq. » 9a/''0.2B»0* + 7aq. or 
4aq. 

Ebelmen, by heating a mixture of alumina and borax for a long time in’ a porcelain 
furnace, obtained a nonobasic salt 3Al^C)*.B*0*.«i 9af'0,B*0* or 

Bobatss 6$ AiiMOMiuv. — ^Borio add forms irith ejnmonia, several salts which may 
all be n^gaiided as metaborates, expressed by the general formula the n at, M 

being madeggp partly of ammonium, partly of hydrogen. 

is obtained by saturatiW c^tallmed boric add with dry amxnonia 
gas, or by oii^lving one of the following aaito in warm concentrated aqueous ammonia. 

salt obtejfaned by the former process contains 4 at, that by the latter 1 at water 
of ctystalH iittMm . 

Jaq. eiysiallises from a solution of boric add in excess of am- 
in^Tm efflorescent crystsli of the dimetric ^stem, soluble in 12 pte. of water* 
It efflorescy like the preceding, giving off part of its ammonia. 

^ (KH<)B?B<0*+ 2aq. is obtained, according to Arfredson, by dissolving boric 
m warm caustic ammonia, till the alkalipp reaction is nearly neutralised The 
if slou^ cooled, deposits rhombic erysttls,' exhibiting^ according to Sehabus, 
the fresa eg. F. d6p. co P often sisUTning a prismatio form from the predomi^ 

^vW and cif li^P>JiSy^ dtuatw thc^samc jcnc; sometimes twin ezystals 

. m of cola water, gives off ammonia 

juifaymrSle IxirdereUitr^ of si^ 

foimd I^TBimfeln the boriiim^iiiM XusAhi^, m yellowish-whit^ 

transparent, tasteless i iMtnlii. iijfttdtliiji uh3«he miesoscope, the form of rectatignlar 
VoL. I. ^ 



tablets, and by polarised Ugl^^e c^Uqpl .appearances of 
tirater, but the soFation '^eiil efraij^nat^ deposits the salt (J , 

d. (NH*)H<B»0'* + |aq. (Lan;^t) +2aq. (Bammelsberg). First prepared by 
1/. G-melin, who, however, sNi^j|i||psed it.to contain 4 at. boric a^d to 1 at. anmohia 


in, Xt dissolTM la 
:*B«0>« + 2aq, 


(Handbook 436). 
above given* and is isomorpl 


however, it has the composition 

the corresponding potassium-salt. According to 
LaureiTt, it is obtained by ^soMng excess of boric acid in ^ueous amimniia,and re- 
crystalHsing. It forms small shining prisms of the monoclinic intern, generally in 
cruciform.groups. It is permanent in the air, dissolves in abqnt 8 pts. of cold water, 
and, like the preceding salts, has an alkaline reaction. The solution gives off ammonia 
when boiled, and the residue selidides to a granular crystalline mass, which is per- 
manent in the air, and appears to contain 6 at. boric acid to 1 at. ammonia. 

e, + aq. is obtained by dissolving boric acid in aqueous ammonia. 

(Arfvedson.) 

A solution of borate of ammonium has been successfully used for rendering muslin 
and other light fabrics non-inflammable. When tissues thus imprecated are held in 
the flame of a candle, they are merely carbonised, the water and ammonia which 
escape preventing the communication of the flame. If the contact with the flame be 
prolonged, the boric acid melts and forms a glassy varnish round the charred tissue, 
which prevents it firom taking Are. 

Bobate OB' Amti.. See Boric Ethers (pr 649). 

BoBATWb OF Barium. — Boric acid ignited with excess of hydrate of barium expels 
3 at. water, and forms the tribari/tic orthoborate, Ba*(BO*)*. Heated with excess of 
carbonate of barium it expels 2 at. carbonic anhydride at a dull red heat, and 2J at, 
at a bright red heat, forming the anhydrous salts, Ba®B*0* — 2Ba"0.B®0* and Ba*B<0" 
« 6Ba''0.2B^0» (Bloxam.) 

By precipitating barium-salts with borates of the alkali-metals, borates of barium 
are obtainii, mostly as white crystalline powders, differing in composition according 
to the composition and relative proportions of the salts employed, the tempera- 
ture of the solutions, and the duration of the washing. They are probably all 
metaborates. 

ft. Monometahorate^ Ba"(BO*)* + lOaq, (or possibly a monobaprtic orthoborate, 
Ba'HXBO*)* + 8aq.) was obtained by Berzelius by precipitating chloride of barium with 
monoborate of potassium. According to H. Rose, when prepared from cold solutions, 
and dried at 100^ C. after pressure between paper, but without washing, it has the 
composition Ba"(BO’*)® + aq., and when precipitated from very hot solutions it contains 
more than laq., but less than 2aq. To drive off all the water requires a strong heat. 
The salt dissolves in cold, and more readily in hot water, especially in presence of 
ammoniacal salts, and therefore cannot he completely washed. 

b. SesquiTnetahorate, Ba''H(BO®)® + 7aq. — Laurent obtained this salt by mixing a 
solution of chloride of barium with pentaborato of sodium, under circumstances not 
particularly specified. According to H, Rose, the precipitate obtained by mixing 
chloride of barium with an acid borate of alkali -metal has, when dried at 100® C., the 
composition Ba*H‘(BO*)’® + 7aq. 

c. Dimetaborate, Ba"H®(BO*)^ + 4aq., is precipihited in white flocks when a solution 
of nitrate of barium is added by drops to excess of solution of borax mixed with 
ammonia. It dissolves in 100 pts. of water, more easily in ammoniacal salts and in 
excess of chloride of barium. (Laurent.) 

d. Trimetaborate. Ba''H^(BO*)* + 12aq. — Precipitated as a white crystalline 
lk>wder, when a warm solution of nitrate of barium is added by drops and with 
stirring to excess of pentaborato of sodiiun. 

Bobatbs of Cadmium. — The precipitate formed on mixing the cold solutions of 
borax and sulphate of cadmium contains, after being merely pressed, the monobonUft 
Cd'^BO*)®, mixed with a small quantity of an acid salt. The precipitate from boiling 
solutions consists chiefly of 2Cd"(BO*)*,Cd''H*0* + 2aq. 


Bohai'bs of Calcium, a. Orthoborate. Ca'^^(BO*)* (dried at 100® O:). — Thn 
inula might also bo that of a monometaborate, CJa’^BO**)* + 2H‘‘*0, but the flrfiitview of 
its constitution is the more probable, inasmuch as the salt gives off 1 at. H as water* 
only at 200® C., and is not completely dehydrated even at 300®. It is prodiia«i;i- ^ 
precipitating chloride of calcium with roonoborato of sodium, probabhilirihm 
solution of borax is precipitated by lime-water. It is somewhat soluble m wateTi knd 
is decomposed by hot water. • . 

b. BeaquimotAboraU, Ca*'H(BO*)*, appears to be precipitated, t(^ether 
quantities of the dimetaborate^ when calcium-salte are mixed with soli|t%<m of 
(H. Rose). A similar compqrition belong to a 

the Ural, in small, hard, shining, yelhiW!S&whit^.cry8tftls of teteahec^l hab^h 
has not been exactly analysed, but appeal^ to contain SB to 3Ca. (G-. Rose.)^ 
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c. IHfneiebordiet Ca^H^CBO*)*. — Obtainedi acooidfitg.^ Tunn«rmann, when borax ia 
precipitated by nitrate of c;^cium. It occurs also as a white efflorescence composed of 
crystalline needles containing 5 at. water^ on tinejplain of Iquique in Ecuador^ South 
America, forming the mineral called boi^<^lci^, h^filb^rocaU^ or hayesite (Ulox). 
Bechi found a calcic diborate with 3 aq. in an o)dli|^n-crater in Tuscany. 

d. IbiroMetabarate, ^ Ca"H*(BO*)* + 3aq. — Preelj^itated on boiling milk of Lime 
with excefli of boric acid. 

Borate of calcium occurs associated with silicate of calcium in botryolUe and dUttolits 
(q. v,), and with magnesia in hydroboraciCe (q. v.). 

Bobatb or C 0 BA 1 .T is probably contained in the glass fluxes formed with cobalt- 
compounds and borax. Cold solutions of a cobalt-fl^t and borax yield a reddish pre- 
cipitate, which, after drying at 100^ C., consista- chiefly of 2Co"(B0*)*.0o"II’*0* + 3aq. 

It is soluble in water, and molts to a blue glass when strongly heated. 

Boratss of Coppisu. — It is difficult to obtain these salts in a definite state. Sul- 
phate of copper mixed with solutions of alkaline borates yields precipitates consisting 
of compounds of borate and oxide of copper mixed with sulphate of soda and basic 
sulphate of copper, which are decomposed by water, leaving a residue composed of 
oxide and borate of copper, but with less boric acid than the original precipitate. 
Cold concentrated solutions of cupric sulphate and monoborato of sodium yield a pre- 
cipitate which, after washing, consists of Cu''H'^0*.2Cu"(B0*)* + 2aq. The precipitate 
from the same solutions mixed hot is. after washing, Cu"H*0*.2Cu"(B0*)^. That 
obtained in like manner froni cold concentrated solutions of cupric sulphatb and borax 
is an orthobtjrate containing 1 at. copper, viz. (Ou"H)BO* |aq. The same pre- 
cipitate is obtained from hot concentrated solutions of cupric sulphate and borax, 
especially if the copper-salt is in excess. It is a loose blue-green powder, sparingly 
soluble in water, but decomposed by water, leaving the compound Cu*^(B0*)*.3Cu''H*0* 

+ aq. Cold dilute solutions of the same salts yield a precipitate containing 6Cu to 
4B and lOH, while the precipitate from hot dilute solutions contains 6 or 6 at Cu to 
1 at B. 

Bolley has suggested the use of the green precipitate obtained from cold solutions 
of 2 pts. cupric sulphate (blue vitri<3) and 3 pts. borax, as a substitute for the 
arsenical greens used m painting, paper-staining, and calico-printing. 

Bobatb op Ethyl. See Boric Ethkbs (p. 650). 

Borates of Iron. — Ftrric mo7iometaboratet'FQ^O^»ZWO* + 3aq. or/e'YBO*)* + 3aq., 
has not been prepared artificially, but has been found by Bochi in an old lagoon-crater 
in Tuscany: hence called Lagunite, 

Ferric orthohorate, Fe*0*.B*0* or [/s « §Fo], is not known in the serrate 
stjitc, but only in combination with borate of e^ium or with ferric oxide. On mixing 
a solution of ammonioforric sulphate (ammonia-iron-alum) with monomotabornte of 
sodium, a bulky precipitate is formed, which, after being pressed between paper, but 
not washed, is a sodio-ferric borate containing NaB0*.2/<-'B®0* + 3aq. Cold water 
abstracts boric acid and borate of sodium, leaving an oxyborate, which, after diying 
at 100® C., is 6Fe''‘d'‘.B‘*0* + 6aq. or + 6e^. By precipitating 

ammonioferric sulphate with borax, a light brown bulky precipitate is formed con- 
taining NaH^B^C.JZ/l’B^O* + aq,, and reduced by washing witli water to 
finW* + 9aq. or OFe^O’.B^O* + 9aq. 

Borates op Lead. — a. The mcnometaherate^ Pb"(]BO*)* + aq., is obtained, acceding 
to Herapath, when the precipitate formed by borax in a neutral lead-salt is digested 
for some hours with strong ammonia. It is said also to be produced when a smution 
of basic acetate of lead is partially precipitated by borax, and, according to H. Bose, 
by washing with cold water the precipitate formed on mixing the cold solutions of 
borax and nitrate of lead. It is a white, amorphous, heavy powder, insoluble in Water 
and in alcohol, soluble in dilute nitric and in warm acetic acid, from which solutions 
it is precipitated by ammonia. It gives off some of its water at 120® 0., the whole at 
160®, and at a nsd heat melts to a oolourless glass, of specific gravity 6*698. 

b. The sesquimetaborate, Pb"HB*0* |aq., formed by adding a large excess of borax 
to a boiling solution of a lead-salt, re^ipbles the preceding, gives off J at. water be- ^ 
tween 170® and 200® C., and melts to a colourless glass, of specific gravity 6'236. 


Pb"H*(BO»)* + 8aq., obtoinrf boiling the «*]* 

Light amorphous powder, which gives off its water between 200® and 230 C., and at 
a red heat melts to ayitreons mass (Herapath). When 100 pts. leatl-ojude are 
fused with 64 pts. borle anhydride (I : 2 at.), a nearly colourless glass is obtaineo as 
hard as flint-glass, and possessing mudi higher refractive . . . . • 

BatUt AeeoidiiigtoHvRoM, tbo yrecipit^ fonned wiA ^ 

and either mono- or di-borate of s^am# are nwquently ^10 sal to, 

of monoborate and hydrate of lead, varying in composition according to the strength 
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of the solutions and the duration of the washing. Hot, very dilute solutions, give a 
precipitate to which Bose assigns the formula 3(Pb0.B*0*) + PbO.H*0 or 3Pb"(TO*)* 
Pb"H*0* + aq. 

Borockloride of Lead, Pb'XBO^)*.Pb''Cl* + is obtained by mixing hot solutions 
of borax and chloride of lead, and crystallises in very small, irregular, nacreous 
needles, which are not decomposed by cold water, but gradually by boiling water. It 
gives off all its water between 120® and 150® C. 

Moronitrate of Lead, Pb"(BO‘*)*.Pb"(NO*p, is deposited in irregular shining crystals, 
from a solution of borate of lead in nitric acid, evaporated till a film forms on the 
surface. At 120® 0. the crystals give off water and a little nitric acid, and at a 
higher temperature evolve nitrous acid and melt to a colourless glass. 

Borate of Lithium. — ^B o^e acid heated to bright redness with carbonate of lithium, 
expels 2J at. carbonic anhyckide, forming the salt 6Li*0.2B*0*. (BlOxam.) 

Borates of Magnesium, a, 'Ortkoborate. Mg®(BO*)®. — Ebelmen obtained this 
salt by fusing magnesia with boric anhydride, and exposing the vitreous mass, in a 
platinum dish, to the strongest heat of a porcelain furnace for several days, till the 
excess of boric anhydride 'was volatilised. It formed radiating nacreous crystals, of 
spoeifle gravity 2'^87. It is also obtained as a hydrate, !Mg*(BO*)* + lOaq., by 
boiling a mixture of borax and sulphate of imigncsium, and washing the precipitate 
(which contains borate of sodium, magnesia, and hydrate of magnesium) with cold 
water. When boiled with water, it gives up part of its acid, and leaves a basic salt 
which absorbs carbonic acid from the air. The precipitato formed by boiling sulphate 
of magnesium with borax, redissolves completely on cooling. 

b. Monometaborate, Mg''(BO^)*. — Obtained as an amorphous precipitate containing 
2 at. water, on mixing the hot solutions of borax and nitrate of magnesium (Laurent). 
The same salt, but with 4 at. water, was obtained, according to Wbhlor, when a mixed 
solution of horax and sulphate of magnesium, which had been heated, and had after- 
wards become clear by cooling, was loft to itself for several months in winter in a 
place where the temperature often fell below 0® C. It formed slender radiating 
needles, insolublo in water, soluble in dilute acids, reprecipitated in needles by 
ammonia, giving off water and becoming turbid when heated, iioracite, from Segebeig 
in Holstein, appears to be a monoborato of magnesium, while that from Luneberg is 
a mixture or compound of 3Mg"0.4B*0*, or 3Mg"(BO“)*‘*.B“0® with Mg"Cr'*. 

c. Trimetaborate, Mg"H\BO®)* + 6aq., separates, according to Bammelsberg, in 
crystalline crusts, when a concentrated solution of boric acid is boiled with carbonate 
or hydrate of magnesium and the filtrate is evaporated. 

d. Tetrametaborate, Mg"H®(BO*)® + 2aq. — This, according to Laurent, Is the com- 
position of the last crops of crystals deposited when a solution obtained by boiling 
boric acid with magnesium is left to evaporate spontaneously, 

e. Hexmetaborate, + 13aq. — Granular salt obtained by heating 

hydrate of magnesium with excess of boric acid ; melts to a porcelain-like mass 
(Bammelsberg). Perhaps a mixture of one of the preceding salts with free 
boric acid. 

Maffneeio-chromic Borate, — A salt containing 6Mg"0.3Cr*0®.2B®0® is obtained 
by heating for five days in the porcelain furnace a mixture of 20 grm. chromic oxide, 
16 grm. magnesia, and 20 gnn. boric anhydride, being deposited in the cavities of the 
fus^ mass in grass-green microscopic crystals, of specific gravity 3’82. (Ebelmen.) 

Magneeio-ferrio Borate, 6Mg"O.3Fe®O*.2B’0*, is obtained by fusing in like 
manner- a mixture of 25 grm. ferric oxide, 20 grm. magnesia, and 25 grm. boric anhy- 
dride, in small, black, prismatic crystals, of specific gravity 3*85. 

Borate of Hethtl. See Boric Ethers (p. 650). 

Borate of Nickei.. Cold solutions of borax and sulphate of nickel yield a preci- 
pitn.te of Ni"(BO*)* + 2jwi. or Ni'HVBO*)^, from which cold water abstracts boric 
acid, leaving a salt containing 2Ni"(BO*)*.Ni"H'‘‘0* + 4aq. By boiling fop some time 
with borax, this precipitate is converted into the dimotaborate, NrH^(BO*)*, 

Borates of Potassium. — a. The monotneiahorate, KBO’, is formed by melting 
together 70 pts. (1 at.) boric anhydride and 138 pts. (1 at.) carbonate of potasBium. 

^ It melts at a white heat, has a ct^ustic alkaline taste, dissolves in water, and separates 
slowly from the solution in ill-defined crystals which, according to Schabus, are mono- 
clinic. The solution should be evaporat^ out of contact with the air, as Jt absorbs 
carbonic acid. Boric anhydride, heated to redness with excess of hydrate of potassium, 
expels 2 at. carbonic anhydride, forming the salt K*B*0* xa 2K*0.B*O*. (Bloxam.) 

b. The dimetehorate, KHB^O\ is prepared by supersaturating . a boiling solutaon m 
carbonate of potassium with boric acid, and then adding pure potash in sufiietent 
quantity to produce a strong alkaline reaction. It ciyataUises sometiraes with 2a4.« 
sometimes vnth 2}aq. The hydrate, KHB^O^ 4- 2aq., forms regnlar six-sided msmsi 
wriich dissolve readily in water with strong alkaline reaction^ and swell up consiaerably 
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wlifi. healed. The otter hydrate, KBDB'0*+f aq. ; forms ri^t rhombic prisma of 
98® M', witt basic brachydiaeonal end-faces. It behares like the former hy£ate, but 
when kept in ® closed vessel, separates into a liquid and a solid salt, anparenUy the 
hydrate with 2 aq. 

c. Irimctaboratc, KH*B*0*+ Saq. or perhaps, tri-^thoborate, KBPB^O®.— Obtained 
like the preceding, but with a smaller <|uantity of caustic potash. Separates in rect- 
niigular prisms, with four-sided pyramidal summits. Permanent in the air; melts 
'withoutmuch tumefaction. (Rammelsbcrg.) 

f. Pentametaboraiey KH*B*0“ + 2aq. — Formed when a boiling solution of carbonate 
of potassium is mixed with a sufficient quantity of boric acid to produce a strong acid 
reaction. The solution on cooling deposits small Bhininj|r prisms, isomorphous with 
the corresponding ammonium-salt. Permanent in the sparingly soluble in cold, 
easily in hot water ; neutral. (Itammelsberg.) ^ ^ 

Bobatbs of Silver — The precipitates formed ia solution of nitrate of silver by 
alkaline borates vary in composition according to the dilution and temperature of the 
tho solutions. Very dilute solutions, especially if hot, rield a precipi^te of pure 
oxide of silver (H. Rose). A moderately' dilute silver-solution mixed with a strong 
solution of borax, yields a flocculent precipitate of the mofKmetaborate AgBO*, which 
when dry is a white powder blackened by li^ht. It dissolves in a luige ^antity of 
water, but is decomposed by a small quantity ; molts at a gentle heat. The same 
suit is obtained ais a curdy dirty yellow hydrate, AgBO* + on mixing concen- 
trated solutions of nitrate of silver and monoborate of sodium, or boiling concentrated 
solutions of silver-salt and borax. It is decomposed by washing with water, espociaUy 
if ho^ which ultimately leaves nothing but oxide of silver. 

Acid borates of silver have not yet been obtained pure. Rose states that cold con- 
centrated solutions of nitrate of silver and borax yield a white precipitate containing 
to 4B*0*, and after washing with a little cold water, which turns it brown, 
4Ag-0 to6B'"0*. ^ According to Laurent, nitrate of silver yields with pentaborato of 
I)otrtssium, an acid borate of silver which decomposes partfe-lly in wasMng. 

Borates of Sodiusc. — Boric anhydride fused with excess of hydrate of sodium 
expels 3 at. water and forms iriaodic ortkoboratei Na*BO*. 

B®0» + 6NaHO « 3H*0 + 2Ka»BO« 

(BI ox am, Chem, Soc. Qu. J. xiv. 143). Fused with excess of carbonate of sodium at a 
bright red heat, it expels 1 J at. carbonic anhydride and forms Na^B^O* or 3Na*0,2B*0* : 

2B*0» + 3Na®CO» «Na®B^O» + SCO*. 

(Arfredson, Gmelin’s Handbook, iii. 87 ; compare Bloxam, Chem. Soc. Qu. J, xii, 
186). By fusing borax with excess of carbonate of sodium, Ar^edson found that 1 at. 
anhydrous borax expelled 3 at. carbonic anhydride producing a dibasic borate of 
sodium or tetrasodic borate: Na^B*0‘ or 2Na*O.B*0*: 

Na*0.2B*0* + 3CNa*O.CO*) « 3CO* + 2(2Na*0.B*0*), 

1 at. carbonate of sodium fUsed with 1 at. boric anhydride yields anhydroua numa- 
nutahorate of aodium^ NaBO* or Na®O.B“0*, and with 2 at. boric acid anhydride, it 
yields anhy^ous acid borate of sodium, Na®B*0’ •» Na*0.2B“0* bs* 2NaB0*,B®0*, 
The aqueous solutions of both these salts yield crystalline hydrates which might be 
regarded either as orthoborates or metaborates, but are most probably the latt^ 
Respecting the behaviour of the tri- and tetrasodic borates in the hydrated stater 
nothing appears to be known. 

MonoTnetahorate ot N eutral Borate of NaBO*,is npduced bv heat- 

ing 62 pts. of ciystallised boric acid, or 191 pts. crystallised borax, witn 63 pte. of anhy- 
drous carbonate of sodium at a heat near the melting point of silver. The unflised mass 
thus obtained dissolves in water, with rise of temperature ; and by cooling the hot but 
nut saturated solution, the hy^ted aalt NaBO* -f 4aq. (or possibly NaH^O* + 8aq.) 
crystallises in large oblique rhombic prisms with lateral axigles of 130^^ and 70^. 
It has a caustic alkaline taste, and quickly absorbs carbonic acid from the sir, boUi in 
the solid state and in solution ; but on boiling the solutions, the carbonic acid escapes. 
At 57® C. it melts in its water of crystallisation, and after the liquid has cooled iScat 
some tiiue the hydrate 4- Saq. separates in indistinct erystw. At a stronger 

heat it gives off all its water, and forms a friable tumefied mass, which absorbs 
carbonic acid from the air. 

BimetahoTait or Aeid 3fotaborette of Bo diunu Na*B®0^“2NaB0*3*0*, or 
Na*0.2B*0» BibwoU of Bodo. Borar.—lhis salt is obtained in the anhyd^ ^te 
by fusing 124 pts. emtalliaed boric acid with 53 pte. anhydrous carbonate ox sodiiui^ 
or by boating crystid&eed borax. (A process for obtaining borax on the large scale by 
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heating baric anhydride with cubonate of sodium has been patented by Sanltev 
Nov. 20th, 1843). In contact with water, it posses into the hydrated state, and 
crystallises &om its aqueous solution, either with 6 or with 10 at water, aecoiding to the 
temperature. The former hydrate is octahedral borax; the latter, prismatic or 
ordinary borax 

Borax is found native in several localities, viz. at Halberstadt in Transylvania, at 
Yiquintizoa and Escapa in Fern, in the mineral springs of Chambly, St Otnrs, &c. 
Canada West, but more particularly in certain salt lakes of India, Thibet, and other 
parts of Asia, whence the gi^ater part of the borax of commerce was formerly obtained. 
The salt separated from waters by evaporation, either natursd or assisted by 

artificial contrivances, is s<^t to Eiirc^ as crude borax or tincal, sometimes in 
large regular crystals, but m6^ firoque^ly as a white or yellowish-white mass, which 
is very impure, containing lime, magnesia, and alumina, and likewise covered over 
with a greasy substance (said to be added to diminish the risk of breakage during 
transport). According to analyses by ‘Kichardson and BroweU, crude Indian borax 
contains : 


Boric acid (anhydrous) 



. 22*88 

40*24 

24*41 

Soda „ ■ . 

Chloride of sodium 



. 12*59 

11*11 

11*71 



. 0-92 

Oil 

0*21 

Sulphate of sodium 



. 013 

0-49 

2*84 

Sulphate of calcium 



1*36 

0*68 

1*36 

Insoluble matter . 



. 17-62 

1*37 

20*02 

Water .... 



. 44'50 

4600 

39*45 




100*00 

100*00 

100*00 


The purification or refining of this crude Asiatic borax has been carried on from 
very early times in various seaport towns of Europe, especially at Venice, and more 
lately at Amsterdam. Great pains have always been taken to keep the process secret, 
but two methods, one with lime and the other with soda, have become known : — 1. The 
tincal is macerated in a small quantity of cold water, and stirred about, with gradual 
addition of 1 per cent, of slaked lime, the turbid lime-water being poured off from 
time to time, and when it has clarified, again poured upon the crystals. This treat- 
ment removes the greater part of the soapy compound, and the rest is decomposed by 
adding 2 per cent, of chloride of calcium to the solution of the crystals in hot water. 
The insoluble lime-soap thus formed, is removed by straining, ana the clear liquid is 
evaporated to the density of 21® Beaum6. — 2. The powdered tincal is placed in a 
tub with holes in the bottom, and washed with a solution of caustic soda of specific 
gravity^ F034, then drained and dissolved in water, and 12 per cent, of soda added 
to precipitate the earths, after which the solution is strained and evaporated. The 
crystallisation is effected in wooden vessels lined with lead, having the form of short 
inverted cones. 

The greater part of the borax used in the arts, is now prepared in France by treat- 
ing the native boric acid of Tuscany with carbonate of sodium, according to a method 
first practised by Fayen and Cartier. 1300 kilogrammes of (uystallised carbonate 
of Bomum are dissolved in 1600 litres of water in a wooden vessel lined with lead ; 
the liquid is heated to the boiling point by a jet of steam, and 1200 kilogrammes 
of crystallised boric acid are added. The density of the solution varies according 
to the degree of purity and dxyness of the boric acid used ; it is brought to a certain 
str^igth .,by adding TOrax or water as required, then lefr at rest till the insoluble 
matters have settled down, and finally transferred to the ciystaUising vessels, which 
are rectangular wooden boxes lined with lead, 6 metres long, 1*7 met. wide, and 6 ‘6 met. 
deep. The fopglstion of prismatic or of octahedral borax, depend upon the density 
of the solution, 'ind the temperature at which the crystallisation takes place. 

«. JMsfnatteoT (^inary £orax, NaHB*0* + |aq. or 2NaHB*0* + 9aq. or Na*0.2B*0* 
H- lOaq.— To obtain this hydrate, the solution, after all the rarbonic acid has escaped, 
Should have a density of 21® or 22® B. (specific gravity 1*14 to 1*15), and should boil 
at 104® <X (220® F.) It is left to erystaliiae fi>r two or three days, the cxystaDisatioii 
being finished when the thermometer in the interior of the vessels stands at 26® to 
30® 0. (77f to 86® F.) The crystals thus obtaine^i are freed from mother-liquor, then 
6is8olyM in boiling water together with ^ of their we^ht of c^tallised carbonate 
of sodium, to separate any remaining earths, and the strained Hqnid is ocmcentrated to 
21® or 22® B. and^ left to crystallise as before. The mother*liquor is then drawn off 
as rapidly as po^ble with wide syphons, and that which remains anumgst the ang^ 
of the crystals is soaked up with ^>onges, so that no small crystals may deposit npmi 
the larger ones. The whole is then covert and left at rest for several hovzzfl^ to avoid 
the formation of cracks in the crystals, which would be occasioned by the aooesa of 
odd air. 
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The mother^liqiior is diluted with water and used in a subsequent operation for 
dissolving the boric acid and carbonate of sodium. After three or four operations, it 
iTontains a considerable quantity of sulphate of sodium ; hut on cooling it to 30° 0. 
(86° F.)* borax crvstallises out alone, the sulphate remaining in solution. The last 
inothor-iiquors yield by evaporation an impure borax, which is used in gla8S*making. 

Considerable quantities of borax are also prepared from the native borate of calcium 
and sodium {^oronatrcHf^ilctte), firom South America, by decomposing it with carbonate 
of sodium, either in the wet or in the diy way. 

Artificial borax is for the most part purer than that obtained from native tinea! by 
the refining process, but the crystals often contain cra<^>and split when heated,* in 
the direction of their natural cleavage, which is a gl^t ih^venience when the borax 
is used for soldering, as it causes the crystals tijfiy off the surface of the metal. 
Tliis fault is partially corrected by slow recrystallisatioh from a rather concentrated 
solution ; but it is more effectually remedied by the addition of a small quantity of 
tinea! before recrystallisation, (For further, details of tho manufacture of borax, 
see lire's Dictionary of ArtSy ManvfactiireSy and MineSy i, 379 ; Handworterhuch der 
ChnniCy 2** Aufl. ii. [2] 320 ; Precis de Ckimie indnstrieUe par A. Payen^ 4"* ed. i. 436.) 

The impurities generally found in artificial borax, are carbonate of sodium, small 
quantities of sulphates, chlorides, and salts of calcium and magnesium. It is some- 
times purposely adulterated mth alum and common salt. It should dissolve in about 
2 pts. of hot water, and exhibit no effervescence when treated with acids. Tho aqueous 
solution should remain perfectly clear on addition of alkali, and when acidulated 
with nitric acid, should not be clouded either by chloride of barium or nitrate of 
silver. 

The proportion of soda in borax may be estimated by colouring the solution with 
litmus, and adding a standard solution of sulphuric acid, till a bright red colour is 
produced (p. 631), and from the amount of alkali thus determined, the quantity of 
boric acid may be calculated. 

Prismatic borax forms large transparent prisms, of tho monoclinic system, generally 
combinations of a nearly rectangular prism, having the acute and obtuse lateral edges 
truncated. The crystals effloresce in the air (according to Sims, only when they con- 
tain carbonate of sodium). When heated, they melt in their water of ciystallisation, 
B welling up considerably, and solidifying to a loose spongy mass called burnt or cal- 
cined borax {Borax usta^^ at a red heat, tho salt fhses to a colourless anhydrous 
glass of specific gravity 2*36, called vitrified borax. This, if pulverised and ex- 
posed to the air, gradually absorbs 10 at. water, reproducing ordinary prismatic borax. 

/3 Borax wit A 6 at, water ^ Na®0.2B*0» + 6aq. or lS‘aHB*0* + |aq. — Found by 
Bechi in an old lagoon crater; not yet obtained artificially. 

y. Borax with 6 at, water. Octahedral Borax^ Na*0.2B^0* + 6aq. or NaHB*0* + 2aq. 
(or p(jssibly NaII*B*0*), — To obtain this salt, the solution (p. 646) is concentrated 
to a strength of 30° B. (specific gravity 1*246), and loft to cool veiy slowly in a warm 
place. The crystallisation begins at 79° C. ^174° F,), and as soon as the temperature 
of the liquid has fallen to 66° C. the mother-uquor must be quickly withdrawn, because 
at that temperature prismatic borax begins to ciystallise out After a few hours, the 
crusts of the octahedral salt are removed and dried in the air. The crystals are 
regular, transparent octahedrons, harder and less fragile than ordinary borax; they 
liave a conchoidal fracture, and specific gravity « 1*S. They are unalterable in 
air, but in a moist atmosphere, they absorb water, and are converted into pcisMlCa 
borax. When heated, they fuse to an anhydrous glass with less intumesc«ami;,lbitn 
common borax, and without splitting. On this account, octahedn^ borax ''Is' iK^t^ 
adapted than common borax for many puiiposes, as for soldering SAid as a fiux ; HSi^ 
smaller proportion of water (30 per cent., tiiat of common borax per Mnhy 

also diminishes the cost of transport. Nevertheless, prismatic bor&lKen<mly 
femd by consumen^ probably because they are to it, and it is so& at a lowir 
price, weight for weight, 

3. AmorphouB Borax^ KaHB^O^ 4* aq. — Obtained by eviq^oratiDg a soliltioii of borax 
atlOO°C. 

Borax is easily soluble in water, but insoluble in aleohoL Pog^iale fiiund that 
parts of water at various temperatures^ dissolve the following quantities of prismatib 
borax:. 


at 0° 0. . 

. 2*8 pts. 

at 60° C. . 

. 27«4 pts. 

10 

. 4*6 

60 

. 40*4 

20 

, 7-9 

70 

. 67*8 

30 

. 11*9 

80 

. 76*2 

40 

. 17*9 

90 

, 119-7 


and at the boDinig heat, 201*4 ports. 
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Tlie ax^ueons solution has a slight alkaline reaction, and changes the light yellow 
colour of an alcoholic solution of turmeric to brown : on adding a small quantity of 
snJphoric add, the yellow colour is restored ; but a larger addition of sulphuric aeid 
sets the boric acid free, which then produces the peculiar red.-brown colouruag already 
mentioned (p. 639). 

Borax is easily decomposed by acids. Even water, when present in considerable 
quantity, abstracts part of the base, so that a dilute solution of add borate of sodium 
reacts like a mixture of boric and the neutral borate, or even free soda, giving, for 
example, a brown precipitate with silver-salts (p. 641). A solution of borax evapo- 
rated with excess ot hydrochloric acid leaves a mixture of chloride of sodium and £ee 
boric add. It also absorbs carbonic acid when exposed to the air, or when the gas 
is passed into it, and on adding alcohol to the liquid, when saturated with carbonic 
acuL no borax separates from it. A solution of borax saturated with sulphuretted 
hydrogen, and mixed with alcohol, separates, on additiem of ether, into two layers, the 
lower containing sulphide of sodium, the upper firee boric acid. 

Borax forms with many of the weaker acids, double salts in which the boric acid 
appears to act as a base to the other add. Thus, wdth arsmiozts acid it forms a com- 
pound whose empirical formula is 3Na®0.6B®0’*.6As®0*+ lOaq. It unites also with 
fluoride of sodium (see p. 633). When 1 at. tartaric acid is mixed in solution with 
2 at. borax, boric acid separates out on cooling ; if the quantity of tartaric acid be 
gradually increased, the quantity of boric acid separated likewise increases, up to a 
certain point ; but beyond that it diminishes, and at last no further separation of boric 
acid takes place. Here also the boric add seems to play the part of base towards the 
tiirtaric acid (see Tabtbates). Acid tartrate of potassium also forms a double salt 
with borax. ’Of silicic add, a solution of borax dissolves but a more trace. 

Benzoic^ tannic^ and gaUic acids dissolve in borax-solution more readily than in 
water. Many insoluble substances, e,g» stearic and other fatty adds, colophony^ 
shellac^ and other rmws, dissolve in borax-solution as readily as in weak alkaline leys, 
the solution acting in fact just like a mixture of boric acid and free alkali. 

At a red heat, on the other hand, the boric acid in borax readily unites with and 
dissolves metallic oxides, forming fusible double salts : hence the great use of borax 
in metallurgic and assaying operations, and for soldering. The compounds thus 
formed often take tne form of transparent glasses of various colours, aferding Tery 
characteristic and delicate tests for the several metals : hence the use of borax in 
blowpipe analysis. It is also used in the formation of easily fusible glass fluxes for 
enamels and glazes. An enamelled coating for cast-iron vessels is made by first fusing 
on the surface of the metal, a mixture of quartz, felspar, clay, and borax, and then 
covering it with a glaze containing borax. A glazing of 1 pt. clay, I pt. felspar, and 
2 pts. borax is also used instead of lead-glazing for stone-ware. 

Borax is likewise used, though not to any great extent, in medicine, either directly 
as a remedy, external or internal, or for the formation of pharmaceutical preparations, 
such as tartarised borax. 

c, Tetrametaborate of Sodium, NaH*B^O®-f Jaq. — Produced by boiling 2 at 
borax with 1 at. chloride of ammonium, as long as ammonia continues to escape : 

2NaHB^O® + NH^Cl - NaH»B®0* + Nad + NH*. 

It separates from the filtrate by slow evaporation in milk-white, transparent, shining, 
hard crystalline crusts ; dissolves in 5 to 6 pts. water of mean temperature, farming an 
solution ; yields a precipitate of boric acid on addition of a dilute acid, whereby 
i,t is^mirtmguished from borax ; melts when heated, with less tumefaction than ordinary 
t^oU Ann. Ch. Pharm. Ixviii, 122.) 

HaH*B*0**+ Jaq. — Prepared by dissolving 1 at. borax 
an$^ at. boric . acid in hot water, and separates fi:om the solution in small crystals 
a^^regated in roundish masses ; they do not suffer any loss of weight at 100^ 0., and 
give off their water of crystallisation but slowly at higher temperatures. The salt 
to whi(m ^jaurent assigned the empirical formula Na*®B^®0^ + 65aq. is perhaps this 
pentaborate. 

e, ffexmetaborate, KaH®B*0*®. — Not yet obtained in the solid form, but peorbaps 
contained in the solution produced by mixing 3 at. borax dissolved in water with 1 at. 
sulphuric acid : 

3NaHB*0< + H»SO® « Na*SO« + NaH»B*0« 

This liquid thus formed does not redden litmus ; but if 1 at. more of sulphurie 
acid be aaded, aU the boric acid is set firee, and the mixture exhibits the wine-red 
colour thereby produced, which, however, another drop of sulphuric acid immediately 
cliaiiges to bright-red (Laurent, Ann. Ch. Phys. [2] Ixvii. 218). The hexbonito 
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is perhitp® alTO fomied when sqaeovus hoim is mixed with boric acid till the liquid no 
longer exhibits a basic reacUon. This solution is said to yield by evamration 
tabular crystals, having a cooling taste like nitre, a neutral reaction, and giving off 30 
per cent water when melted. (Tiinnermann.) 

Borate of Sodium and Calcium, Na*Ca''H\BO*)» + 18aq.— Such, with 
addition of 1*9 per cent chloride of calcium, is, according to Helbig (Chem. Centr 
1868, p. 494), the imposition of a mineral from South America, known in commerce 
as “ borate of lime," and forming irregular nodulos, mainly composed of a net- work of 
translucent crystals. Stein regards it as identical with the hydroborocalcite of Hayes 
and the boronatrocalcite ($. e.) of Ulex. 

Borate of Sodium and Magnesium, NaMg"H*(BO*)* + 14aq, (Rammels- 
berg). — Separates by spontaneous evaporation, ftom a mixture of the cold aqueous 
solutions of borax and sulphate of magnesium, in large, shining, efflorescent, mono- 
clinic crystals. It dissolves in cold water, IbYrning an alkaline solution which is not 
precipitated by ammonia, but becomes turbid when boiled, clear again on cooling. If 
the liquid, after boiling for some time, be quickly filtered, the residue consists of basic 
borate of magnesium. 

Bobatks of Strontium. 1. Orthohorate, Sr*(BO*)®. — Obtained by heating 
boric anhydride to redness with excess of hydrate or carbonato of strontium. 
(Bloxam, Chem. Soc. Qu. J. xii. xiv. 142.) 

2. Metaboratea, — The monoborate has not been obtained. Strontium-salts, pre- 
cipitated by borax in the cold*, yield a precipitate, which when pressed between paper 
;ind dried at 100® C., has the composition Sr*H^(BO*)*® 4- 6aq., gives off 2 at. water 
at 200®, and the rest at 300®, and is partially decomposed by hot water, the residue 
probably consisting of the sesquiborate, Sr"HB*0*. 

The dmietaborate, Sr"H*(BO*)^ + 3aq. (at 100® C.), is said to be precipitated from 
]>oiling .solutions of borax and chloride of strontium. It has an alkaline reaction; 
dissolves in 130 pts. of pure water, more easily in presence of ammoniacal salts ; gives 
off 3 at. II as ^ator at 280®, the remaining atom at a red heat, leaving the anhy&ous 
saltSr'3r<0^ « Sr"0.2B*0»(« Sr"H*B<0* - H®0). 

The tctramctahoraiet Sr"H*(BO*)® + 3aq. is obtained, according to Laurent, by 
boiling tlio preceding with excess of boric acid, and evaporating the filtrate. Penta- 
borate of potassium also precipitates strontium-salts, but the precipitate has not been 
examined. 

Bouatb of Zinc. — Sulphate of ainc, precipitated by borax in tlxe cold, yields a 
precipitate consisting chiefiy of monoborate of zinc, Zn''(BO*)*, which, however, is 
decomposed by washing with cold water, leaving a basic salt =* 4Zn"(BO*)*,6Zn"H*0* 
+ 4aq. (at 100® C.). A solution of a zinc-salt, mixed at the boiling heat with borax 
and boil^ for some time, yields a precipitate consisting of a similar basic borate, 
mixed with basic sulphate of zinc. 

Borio Ethers, 


Borates of Amyl. a. Orthoborate, (0*H")*B0” (Ebelmen and Bouquet^ 
Ann. Ch. Phys. [3] xvii. 61). — Produced by the action of chloride of boron on amjUe , 

alcohol : 


3 (C»H“.H.O) + BC1» « 3HC1 + (C»H»)»BO» 

When vapour of chloride of boron is passed into amylic alcohol, hyd 
evolved, and the liquid quickly separates into two layers, the upper 
decanted and distilled, passes over almost wholly between 260® and 280® 0 ., an^ 
again rectified, yields pure tri-amylic borate. Ix is a colourless, oily li^^ havi^g^ 
specific gravity of 0*87 at 0 ® C., and a faint odour like that of amylic alcohol ; it bnAii . 
with a green-edged fiame, and boils between 270® and 276® C. Vapour-denr^' 
experiment, *= 10 ' 66 ; by calculation (2 voL) 9*46. Water decomposes iV^ 
boric acid and amylic al^hoL <4 

b. The metaborate of amyl^ 0*H»B0*, has not yet been obtained. 

c. Acid borate, 2C*BP»BO».BK)* or (0»H*>)*0.2B«0* (Ebelmen, Ajm. Ch. Phya 
[3] xvi. 139), is obtained by pouring 2 pts. of amvlic al(»hol on 1 pt of boric anhy- 
hydride, heating the mixture to about 180® C., exnaustmg it with anhydrous ether, 
stilling off the ether from the decanted ethereal solution, and heating the residaal 
liquid to 260 — 270® 0., to free it from fusel-o^ The acid amylic borate thus ob- 
tained, is a dear, slightly yellowish liquid, having an odour like that of fiosel-oiL It 

he heated to 800® Ci without alteratio]i, but is decomposed at higher tempera- 
tures. It bums with a green 

When fusel-oil is heated to 300® 0. widi excess of boric anhydride, a colonrless liquid 
Passes over, which smells amylic alcohol, and begins to noil bdow 100® ; hut tba 
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boiling point rises quickly, and there remains a vitreous mass, resembling the arid ether. 
As acid borate of methyl gives off oxide of methyl by dry distillation, it is probable 
that the lighter products of the distillation just mentioned contain oxide of amyl. 

Borates op Ethyi*. a. Orthohorate. (C*H*)®BO^ (Ebelmen and Bouquet, 
Ann. Ch. Phys. xvii. 55; Bowman, PhiL Mag. [3] xxix. 546.)— Prepared like the 
corresponding amyl-compound. Vapour of chloride of boron is rapidly absorbed by 
absolute alcohol, the liquid becoming hot and separating after a while into two layers, 
the lower of which is merely alcohol containing hydrochloric acid, while the upper 
contains the tri-ethylic borate, which may be separated by distilling the decanted 
liquid, with addition of a little alcohol, collecting that which passes over between 
116^ and 125® C., and rectifying. It is likewise produced by distilling a mixture of 
dry cthylsulphate of potassium and anhydrous borax. (H. Kose, Pogg. Ann. xcviii. 
245.) Soo also vol.ii. p. 628. 

It is a colourless, mobile liquid, ^viffg a peculiar, agreeable odour, and burning 
bitter taste. Specific gravity 0*886.- }t dissolves in all proportions in alcohol and 
ether, mixes with water, but is decomposed thereby in a few minutes, with separation 
of boric acid. Boiling point 119® C. Vapour-density (by experiment) «»5*14; by 
calculiition (2 vol.) *= 5*07. Bums with green flame, giving oft’ white fumes of boric 
acid, and leaving no residue. 

Metahorate, or Neutral Borate, C®H*BO®. — Produced, with separation of boric 
acid, by the action of alcohol on the acid borate : 

2C*H‘B0^.B20» + OTI*.H.O « SC^HMIO* + HBO*. 

Acid borate of Alcohol. Metaborate Boric 

ethyl. of ethyl. acid. 

When the syrupy acid ether is mixed with absolute alcohol, boric acid separates, 
with considerable evolution of heat, and on separating the liquid therefrom by decan- 
tation and pressure, and heating it for a while to 100® C., boric acid is again deposited, 
and there remains a colourless mobile liquid, which resembles the orthohorate, and 
yicltls by analysis 32*93 per cent, carbon and 6*97 hydrogen, the formula requiring 
33*38 C, and 0*96 H. (Handw. ii. [2] 309.) 

Acid Borate. 2C'-=H^B02.B-0« - (CW)20.2B*0s. Biborate of Ethyl 
Anu. Ch. Phys. [3] xvi. 129.) — Produced by the action of boric anhydride on alcohol. 
When flnely pulverised boric anhydride is mixed with an equal quantity of absolute 
alcohol at is® C. the mixture becomes hot, quickly attaining the temperature of 60®, 
and begins to boil when heated to 95®. If the distillation be interrupted as soon as 
the boiling-point rises to 110®, the distilled portion poured back, and the distillation 
repeated till the boiling-point again rises to 110®, acid borate of ethyl remains in the 
retort, mixed with boric acid, from which it may be separated by digesting the residue 
for twenty-four hours with anhydrous ether, decanting from the undlssolved portion, and 
distilling till the heat in tlie retort rises to 200®. Acid borate of ethyl then remains 
in the form of a -thick yellowish liquid, which gives off white fumes in the air at 200®, 
and solidifies on cooling to a transjiarent glass. This glass is rather soft, even at 
mean temperatures, and at 40® or 60® may be drawn out into long tlireads. It has a 
faint ethereal odour, a burning tosto, and blisters the skin, being at the same time 
converted intp a white powder of boric acid. It gave by analysis, 19*8 per cent. C, 
4*4 U, and 66*7 B^O®, the formula requiring 22*6 C, 4*7 H, and 66*3 B’-'O*. 

Add borate of ethyl begins to decompose at 300® C. with fiision, intumescence, and 
thickening, the products being ethylene-gas, alcohol- vapour, vapour of the undeoom- 
posed ether, vapour of water, and fused boric anhydride free ftrom charcori. The 
eth^lene-gas bums with a green flame, the colour arising fri>m admixed boric ether, 
which, however, may be removed by washing the gas with water. 

The acid ether becomes very Hot by trituration with water, being resolved into 
alcohol, and boric add. Exposed to moist air, it becomes white on the surfi^ from 
slow decomposition. It dissolves in alcohol and in ether, but rives off these liquids com- 
pletely at 200® C., a portion of the undecomposed boric ether uien passing over with the 
alcohol so, that the distillate bums with a green flame, and when mixed with water 
solidifles separation of boric acid. The svrupy add ether treated with absoliite 
alcohol in the manner above described, yirids the neutral borate of ethyh 

Bqbatbs of Mbthtx. — a. Orthoborate. (CH»)®BO® (Ebelmen and Bouquet, Ann- 
Ch. Phjs. [3] xvii. 59.) — ^Produced by the action of chloride of boron on anhj^^ 
methylic alcohol ; purified by rectifying the upper of the two resulting layers of liquid. 
It is a colourless mobile Hquid of specific gravity 0*955 ; has a pungent odour some- 
what like that of wood-spirit; boils at 72® C. Vapour-density y 3 * 66 . Dissolves 
in alcohol and ether, is quickly decomposed by water, and bums with a green flamA 
b. Acid Borate 2CH»BO*.B*0* « (CH»)*0.2B^O> (Ebelmen, Ann. Ch. ?hys^l 
xvi. Id?.)—- Obtained, like the add ethyUc borate, by treating boric uihydz^ wnfr 
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arhjtlromi methylio alMhoL The mass is repeatedly heated to UOO U, the 
tcing each time poured back, the residue is treated witli ether, and the 
Bolution hctttod. to 200 . Acid^ uorato of methyl is thus obtuiuod as a yitroous 
mass, soft and tenacious at ordinal^ temperatures. It bums in the air with a 
beautifhl green flame ; is decomposed, by distillation into boric anhydride and oxide 
of methyl ; and by water, into boric acid and methylic alcohol. 

SORDVf SUXiPBXXIfi OPb !B‘S^.^This compound, which is the analogue of 
boric anhydride, is formed by igniting boron in vapour of sulphur (Berzelius, Pogg. 
Ann. ii. 146) or in sulphuretted hydrogen; also by heating boron with sulphide of 
lead (Wohler and Devillcs Ann. Ch. Pharm. cv. 72), or by heating a mixture of boric 
anhydride and charcoal in vapour of sulphide of carbon (Fr4my, Ann. Ch. Pliys. 
[3] xxxviii. 819), or by strongly heating a borate in vapour of sulphide of carbon" 
(Skoblikoff and R u d 1 o f f, Petersb. Acad. Bull. xii. 3 1 9 ), To obtain a pure product, 
boron ia heated in sulphur vapour as long as tfiat^Spour continues to bo absorbed by 
it. The action is slow, because the sulphide form!'' A crust round the boron. 

Pure sulphide of boron is a white solid b(^y, sometimes amorphous, sometimes 
crj'stallmo. It has a pungent sulphurous odoiu:, like that of chloride of cyanogen, 
or chloride of sulphur. Its vapour attacks the eyes. By itself it does not appear to 
bo volatile, but it volatalises in sulphuretted hydrogen, like boric acid in vapour of 
water. Heated in a stream of hydrogen, it molts, and gives off a little sulphur, perhaps 
however, only when not quite pure. It decomposes water with great energy, forming 
horic and sulj;>hydric acids, a decomposition to which, as already observed, the formation 
of boric acid in the Tuscan lagoons has been ascribed. 

There appears also to be a persulphide of boron, produced by heating boron in 
sulphur-vapour till it takes fire, and then leaving it to cool in the vapour, Wlion the 
proiluetthus obtiiiiied is thrown into water, boric and sulphydric acids are formed, and 
milk of sulphur is deposited. (Berzelius.) 

BOZIOXTATROCA&GXTS* NaCa'^H^B^O** + V aq. — Native borate of calcium 
uml sodium, called also Hydrohoraeitey Hayesin^ and TY-fa. (See Boratbs of Sodium, 
p. 649.) 

BOTRirooxSir. Ecd Vitriol — A native ferroso-ferric sulphate from Fahlun in 
Ssveden, occurring rarely in small oblique rhombic prisms, having the lateral faces 
iiielined to each other at an angle of 119® 66', and to the terminal faces at 113® 37'; more 
tVefiuenfcly massive and as a deposit on gypsum, sulphate of magnesium, ferrous sulphate, 
u iid iron pyrites. Translucent, with vitreous lustre. Dark hyacinth-red to ochre-yellow, 

J larder than gypsum. Specific gravity 2*039. Swells up before the blowpipe, giving 
off water and leaving ferric oxide. According to Berzelius, its formula is 3Fe''0.2S0* 
•f 3(Fo’*0».2SO«) + 36H*0. 

BOTKTOBZTB. Chatix horath aUioieuse ooncretionSe, Ca''(B0’)’.Ca"Si*0* -f* 
SiKp —A kidney-shaped mineral of delicate fibrous texture, found in the veins of 
magnetic iron ore at Arendal in Norway ; generally as a deposit on ci^stals of calcspar* 
Its formula is the same as tliat of datolite, but with twice the amount of water. 

BOmCiiLXrGBBZTS. A tribasic sulphantimonite of le^, 3Pb"S.Sb*S» o? 
found at Moli^res in France, in L^ipland, and other localities. Crystallo-laniiDar or 
fine-grained. Dark lead-grey. Sp. gr. 6*69 to 6*97. 

BOmUBroxrZTB. Schwargspiessylaiizer^f, Antimoine plombo-oupr\fire : 

Cu"d,Sb^S’ » — Crystallises in right rectangular prisms of darksted-gl^ 

colour, with metallio lustre, and yielding a black powder. Hardness ^ual to that of 
calcspar. Specific gravity 6*7 to 6*8. Melts before the blowpipe, mving off white 
fumes, covering the charcoal with oxide of lead, and changing to a slag containiM a 
large quantity of copper. It is found in the copper mines of Cornwall at Neuofo^ 
and Andreasb^ in me Harz, at Kapnik and Offenbanya in TnuOTlvania, but is 
not very abundant. Some varieties found near Freibezg contain silver to the amount 
of about 0*12 per cent (Qm v. 486.) 

aowr ooajLb A kind of coal of a br o w n or brownish-blade colour and la m ellar 
texture, the laminm being often flexible when first dug out, but ffenerally hardening by 
exposure to the air. It consists of wood penetrated with petrdeum or bitumen, and 
frequently containB pyrites, alum, and protoaulphate of iron. By distillation, it yields 
a fetid liquor mixed with ammonia and an oil paidy soluble in alcohol. It is ibund 
in En gland, Franc e, Italy, Switzerland, Qomany, Inland, dec, 

BO'W Jkkfls MfMt’aim See SsuttFJUiTiink 

girmjia UQUOXU M<mo$tdphide of Amm/mkm (p, 193.) 

BBaoxtSh a Buneral fbund at Arendal in Norway, but not yet snfileiently sx» 
aminedtoestahi^itifq^teMditit^^ (Fqrbes and Dahll, J. pr. Chem. Irri 
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MSUkXKm See KsBveus Tissxtb. 

SttAXr. Son, Kleie. (Hillon, Ann. Gh. Pbjs. [3] xxvi. 5. P^l igot, ^V2L xxix. 
5. K4kul4, Liebig’s chem. Briefe, 3 Aufi. i. 695, Wetzel and Van Heei^ Arch. 
Pharm. [2] livii. 284. Poggiale, Compt. rend, xxxvii. 171 pclix. 128. ' Sigle^ 
Lingl. pol. J. cxxxi. 298. Mouri^s, Compt. rend, xxxvii. 351; xlyii. 60fl;xlviii. 
431. Oudemans, Pep. chitn. app. i. 586.)— The husky portion of ground com, 
separated by the boulter from the flour. The analyses which have been made of it, 
even from the same kind of com, differ widely in the proportion of some of the essen- 
tial constituents, as the following table will snow. 



Rue- 

bran. 

Wheat-bran, 

. 

Ou(!e- 
n. mans. ' 


Oudemans. 


PoKftiale. 

fKtfkuie. 

MtUon. 

Ash . 


6 52 

6-26 

4'99 

5-5 

5-6 

5*7 

Water ...... 

W-fiS 


14-27 

14-40 

12-7 

13-8 

18-9 

F.it 

'1-86 


2-88 

8*88 

2-9 

4-1 

36 

N troirenous matier (gluten, &c ) . 

M-/S0 


12*68 

15-41 


67*3 

14*9 

l>t'X trill 

7*79 

5-52 

6*24 

5*71 

7*9 

1 41 


Star* h 

38 19 

26-11 

29*71 

29*31 

21-7 


>51*0 

Sugar 





1*9 


( 

Cellulose 

21'35 

30-80 

27*11 

25-98 

34*6 

9*2 

97 

llesiitous and odoriferous matter • 









101 -fig 

98*94 

98*28 

99 68 

lOO-O 

104 1 

100*0 

Nitrogen 

223 

2 07 

1*95 

2-37 





Kdkuli’s determination of the nitrogenous matter is probably too high. The 13’0 
per cent, nitrogenous matter found by Poggialo was made up of 6*6 soluble matter 
(albumin), 3*9 insoluble, but capable of assimilation, and 3*6 insoluble and incapable 
of assimilation. Poggiale isolated the cellulose by rendering the starch soluble with 
diastase ; he finds that the usual process of determination by the successive use of acids 
and alkalis, always gives the amount of cellulose too low, part of it being converted 
by those reagents into sugar and dextrin. 

Bran, though rich in nitrogen, appears to possess but little nutritive power. Animals 
fed upon it quickly lose flesh (Poggiale). It contains a nitrogenous principle called 
ceroalin, analogous to diastase, and perhaps identical therewith, which possesses the 
power of quickly converting starch into dextrin and sugar. Mounts found that 130 pts. 
of wheaten bre^ containing bran easily diflRised through 620 parts of water when tri- 
turated therewith, and jrielded 69*36 pts. of soluble and 69*76 pts. of insoluble matter, 
whereas the same quantity of bread not containing bran, was converted by trituration 
with water into a semisolid mass, and yielded only 9*03 per cent, soluble matter to 
120*26 insoluble. This action of the bran on the flour commences in the kneading 
and baking, but is completed only in the stomach. (See Bruad.) 

Bran is used by calico-printers in the clearing process, for removing the colouring 
matters adhering to the non-mordanted parts of the maddered goods, as well as the dun 
matters which doud the mordanted portions. (See Ifre^s Dictionary of Arts, Manu- 
f(u:turee^ and Mines j i. 383.) 

BliAVrcsXTB. C”!!**, — A fossil hydrocarbon from the lignite of Mount Vaso in 
Tuscany. It is colourless and translucent, like Scheererito ; melts at 76° C. but docs 
not crystallise on cooling. It dissolves in alcohol. Specific gravity 1*00. (Savi, 
Leonhard and Bronn’s Jahrbuch, 1842, p. 459.) 

BBJkmZBm. See Ci.intonite. 

BBJkmY. This well known liquor is the spirit distilled from wine, and forms 
an extensive article of trade in the south of Europe. It is generally manufretu^ 
from white or pale-red wines, but often from inferior articles, such as the refuse wine 
and the marcs of the wine-press. Distillation of the wines is the only process neces- 
sary for procuring brandy : hence the richer the wine in alcohol, the greater will be 
the yield of brandy. Many circumstances, however, independent of the manufacture, in* 
fluence the quality of the product. Thus, white wines do not always aftbrd more alcohol 
than the rei but they yield a spirit of ^er quality, because they contain more of tho 
essential oil of gropes. Wines which have a certain taste of the soil, communieate it 
to the brandy derive from them by distiUation ; thus, the wines of SeUeul in 
give a brandy which has the odour and taste of the jElorentine iris ; those of St. Fience 
in Vivarais, give s spirit which smells of the violet, and so of many other varieti^ 

Real Cognac is obtained from the distillation of choice wines, every attention be^ 
paid to the proper degree of cleanliness in the various utensils employed. In 
proved form of still, a very superior article is obtained from in^ior wines, but 
small proportion of essential oils in sucb, wines divests the bran^ w that axoifisiB 
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davoHi which belongs to the better sorts of wine, and is commainicated to the brandies 
procured feom them. An inferior brandy called eau^de^vic dt marcs is obtained by dis- 
tilling the dark red wines of Portugal, Spain, and other wine-growing countries, also 
the lees deposited by wine in keeping, the marc or refuse of the grapes firom the wine- 
press, the scrapings of wine-casks, &c. 

Brandy, as sold in France, is generally of two strengths, designated as d preuw dt 
HoUande, and d preuve d^huile^ the former varying from 18® to 20® Beaum^. The 
stronger liquors are valued accoMing to the quantity of emi devie d preuwt de Hollandt 
that a given quantity will furnish on the addition of the proper quantity of water. 
These strengths are usually twelve, viz. of five-six^ four-jive^ three-four^ two-three 
ihree-jivef four-seven^ five-nine^ six-eleven^ three-six^ three-seven, three-eight, and three- 
nine, but the last is rarely made. The meaning of these stren^hs is as follows : — It 
a spirit be Jive-six, 5 pts. of the spirit will give a liquor d prm ve de ffollqnde, when 
iidiled to six measures of water. The spirit fivq-six h|M a specific gravity of 0*9237 or 
*22® Bm. ; but all the other strengths are vs^14i|p;0^4ccount of the uncertainty of 
the strength of the spirit d preuve de HoUand . . r ’ 

The following is an average of the yield of brah^ which some wines afford by dis- 
tillation : 

1000 litres of wine of St. Gilles, in the environs of Montpellier, afford 

of three-six brandy 160 litres 

„ of good wine of calcareous soils , . . , . 140 „ 

„ of wines of fertile soils near Montpellier . , . 100 „ 

,, of wines of soils producing much grapes . . . 100 „ 

Wines of the countries nearest the Mediterranean furnish the largest proportion of 
l.randy, which diminishes as the grapes grow in more northern countries. 

British brandy is an artificial product fabricated by the rectifying distiller. The 
following receipt is given by Ure : — “ Dilute the pure alcohol to the proof pitch, and 
add to every hundred pounds weight of it from half a pound to a pound of argol — crude 
tartar— dissolved in water, some bruised French plums, and a quart of good cognac. 
Distil this mixture over a gentle fire in an alembic provided with ifn a^tator. The 
addition of brandy and argol introduces oenanthic ether, and if a little acetic ether be 
added to the distillate, the whole imparts the peculiar taste of genuine Cognac brandy. 
Colour with burnt sugar if necessary, and add a little tannic acid to impart astrin- 
gency.” (See Urds Dictionary of Arts, Manufactures, and Mines, i. 389; also Afws- 
prait's Cficmistry, i. 103.) 

aSAAS. An alloy of copper and zinc. (See Cokpee ; also Urda Dictionary of 
Arts, Manufactures, and Mines, i 399.) 

BajUSlCA. A genus of cruciferous plants, including some of the most impor- 
tant fodder plants and culinary vegetables, viz. the cabbage, rape, and turnip. 

1. Jirassica oleracea. Cabbage.— Of this species, many varieties are cultivated for 
their leaves, e,g, the common red or white cabbage (J?r. ol, capi taid), the Savoy cabbage 
(/fr. ol, bullaia), curled kale {Br. ol, acephala), &c. The turnip-steramed^bbage, or 
kohl-rabi (Br, oL caulorapa or napobrassica), is much cultivated in France and 
Cermany for its fleshy turnip-like stem or bulb, which makes an excellent vegetable 
dish. Cauliflower and broccoli are also varieties of Brassica oleracca. 

Fresh white cabbage-leaves contain 0*2 per cent, nitrogen ; the dri^ loaves 3*7 per 
ernt. (Boussingault, Ann. Ch. Phye. [2] Ixviii. 337). TaMe A aliibit. the Mmno- 
silion of cabbage leaves as determined by Anderson (Chem, Cemr. 18 od, p. 
a. Of the young plant before the heart-leaves are formed, b. The outer leaves of 
perfectly ripe cabbag^e. c. The heart-leaves of the same. 

Table A . — Composition of Cabbage-leaves, 

Albuminous substances 
Woody fibre, gum, and sugar 
Ash , , . • • 

Water . . • • 

According to Sprengel techn. Chem. xiii. 486), white ^bbage contain^ te the 
air-dried stete, 62*6 per cent, water, 19*3 

cent woody fibre, bemdee wax, chlorophyll, &c. The ash of ^ 

>>y Way md Ogston (JoiS. Koy. Agr- See. vii. [2] 693; xi. [21 612), by Sprengel 

and by Stammer (Ann. 6h. Pharm. Ixx. 294). j* * o /Lv* ^ \ 

The fleshy stem or bulb of the kohl-rabi ®<>“tains, ^rding to 
91 per cent wafer, the leaves «« per cent, water. 100 pte. of the 
tain 41*4 pte. soluble in water, 38*2 soluble in potash-ley, 18 6 woody flnre, oesiaei 



a 

b 

0 


. 21 

1*6 

0*9 


. 4*6 

6*0 

4*1 


. 1-6 

2*2 

0*6 

, 

. 91*8 

91*1 

94*4 
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wax, &c. The atik of the oorms and leaves has been analysed by Sprengel, and 
by Way and Ogston.(^c« cit.) 

The ashes of the heart of cauliflower (Br. ol var. hotrytiB caidijkra), and of the root 
and leaves of broccoli {Br. ol var. hotrytls aaparagoide^'^ have been analysed ly 
Th. Bichardson, Ann. Ch. Pharm. Ivii. ; Anhang zum dntten Heft). 


Tablb B.— of different Varieties of Brassica oleracea. 



Wftjam 

CowC 

LetTo. 

Ogaton. 

aUiogt 

Stalk. 

^irtnRel. 

White 

Stammer. 

labbMge 

Way am 

Bulbi. 

Ogston. 

Kohl. 

Leaves. 

Bpre 

aid 

Bulbs. 

ngcl. 

Leaves. 

R 

CbbH. 

jlowtr 

Hearts. 

chardM 

Bra 

Root 

a. 1 

rcoft 1 

1 

Aih In 100 ptt. of fVeih plant . 
„ „ „ alr.dr led plant 

„ ,, „ plants dried ) 

at 100^ C i 


H 

7*65 

1P62 

705 

12-90 

0*95 

8-09 

2*80 

18*54 

0*71 

1*01 

1*70 

Composition of ash In 100 pti. : 












Potash (anhydrous) .... 

4(r9 

40-9 

31-3 

48*3 

37*6 

17-8 

36*3 

9*3 

47'16 

31*39 

2210 

Soda i . . . 

2*4 

40 

12-0 

mSM 

133 

8*1 

2*8 

— 

— 

14 7'J 

7i,yi 

Lime 

150 


23*1 

■SB 

IIM 

34‘2 

■i!ia 

30*3 

4*70 

2*IM> 

2644 ! 

Magnesia ....... 

2*4 


0-3 


4-0 

32 

23 

3-6 

3*93 

2*38 

3*13; 

Alumina 


— * 

0*2 


0-5 

0*2 


— 


— 

^ 1 

Ferric oxide 

9*8 


OM 

18 

0-5 

0*9 

0*4 

5*:i 

■1 

— 

— 1 

Sulphuric anhydride . . . 

7-3 

ll-l 

127 


12-6 

14-0 

11*4 

10*6 

IIBM 

10-3f} 

t&in 

Silicic „ ... 


1-0 

2-8 



71 

0*8 

9*6 

■C7I 

0 691 

li»l 

Carbonic „ ... 

10-7 

C*3 


■SB 

KB 



9't) 

mm 

— 

— ! 

Phosphoric „ ... 

Calcic, raagnesic, and ferric 

12'5 

196 

10'4 

169 



13*5 

9-4 

25*84 

24-83 

K^Cij 

phosphates 

Chloride of potassium . . . 



““ 


H 


— 

fW) 

3*67 

2 12 
6 22 

6-21 ■' 

„ „ sodium .... 

trace 

21 

i ^0 

— 


7» 

11*9 

6*7 

2*78 

trace 

— 1 


2. Brassica Napus . — Winter rape, Coleseed, an^Br.catnpestris var. oleifna^ 
Summer rape, Colzat or Colza, are cultivated chiolly for their seeds, which yield 
a large quantity of oil, and for the succulent food which their thick fleshy stems and 
leaves supply to sheep when other fodder is scarce. The cake which remains after tlio 
oil has been pressed from the seed, is used on the continent as food for cows and pigs, 
and also as a manure, for which purpose large quantities of it are imported into Eng- 
land. Colza or summer rape yields the largest quantity of oil, but winter rape is said 
to bo hardier, and is therefore more generally cultivated in this country. Way (Journ. 
Roy. Agr. Soe. x. part 2) found, in 100 pts. of the dry seed of dwarf rape, 4*2 percent, 
nitrogen, 37*8 fat, 3*3 ash, and 6’5 water. Of the ash of the seed and straw of rape, 
numerous analyses are given in Liebig and Kopp’s Jahresherieht fur Che^nie for 1849, 
tables D and E to page 656. Erora tliese we extract the following : 


Table C . — Ash of the Seed and Straw of Brassica Napus. 




Liebig, 

Erdmann, 

Rammelsberg, 

We 

ber,’ 



Seed. 

Seed. 

Seed. 

Seed. 

Straw. 

Alh in 100 pts. of air-dried plant 
,, „ „ plant dried at 100^ C. • . 

(^imposition of ash In 100 pti. i 

Tw 

Jos 

r44 

2*39 

3'4t 

Potash 


22*5 

237 

257 

22*9 

24*9 


• • 

0*2 




6*5 



11'8 

14-6 


17*3 

32*8 

Magnesia 


11*1 

12 0 , 

11*6 

15-.4 , 

54 

Ferric oxide .... 
Sulphuric anhydride 


17 

0-6 

0*6 

0*7 I 

1*7 


6*7 


05 

0*5 

1*4 

Silicic „ 



1-1 

1*1 


4*1 

Carbonic „ 


■sB 




14*7 

Fhosphorlo 


39*1 

47*0 

47*0 

41-6 

4*5 

Chloride of potassium . 




L 

— 

3*1 

^ „ sodium • . . 


0*8 






0 . Btasska Sava, the common white turnip, and Br, campestris var. rutob^^^ 
t^t-wspob/roAsica, tne swede turnip. — The ashes of these plants have been examined 
by T. j. Herapath (Chem. Soc. Qo. J. ii. 14), Eggers (Jahresber, f. Chem. 1849, 
p. 658); Baer 1851, p. 710}; Stammer (Ann. Ch. Pharm. Ixz. 295); and Way 
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Tutui D. — Oomponium (jf Tkimip-ath. 



Htrnpaih. 

Wks ot^OfAton. 





avadt 

Bulbs 

WhiU 

BulU. 

Sn 

Bulbs. 

vdt 

Lea res. 

Dah‘a 

Bulbs. 

Hybrid 

Leaves. 

Onn 

*r 

Bulba. 

[.eaves. 

Sacd. 



i 


Ash In 100 pts. of fresh 
Ash in 100 pts. of air- 

1‘23 

0-05 

070 

197 

1*09 


0 59 

1*82 

3*67 


■ 

0*46 


dried plant . '• . • 

A*h in 100 pts. of plant 
dried at 100® C. . . 



mmm 



— 

— 



4*58 

441 



— 

— 

600 

1G40 

8*41 

10*80 

7*40 

1820 

3*98 

- 


7*00 

6*1.1 

Composition of the Mh 
ill lOOpti*: 

Potash 

62-6 

47*9 

23*7 

1116 

86*9 

13*5 

48*8 

12*7 

21*9 

16*1 

16*5 

46*9 

21*11 

Soda .... a . 


— 

14*7 

12*4 

8*0 

4 6 


... 

12 

1*1 

1*3 

Bi 

J.imo 


14-7 

11*8 

2Rft 

1 6*8 

a-vi 

6*7 

28*7 ; 

17*4 

11*3 

25*4 

13 ) 

IhI 

Magnesia , . • . • 


2*4 


2*6 

2*5 

1*7 

2*3 

2*8 

8*7 

10*4 

11*0 

1*6 

Bb 

Alumina , . ■ . • 

trace 


WBM 

— 





... 

05 

09 



Ferric oxide .... 

0-2S 

trace 

os 

30 

0*1 


OG 

K£B 

1*9 

■ dim 

1*9 


HI 

Sulphuric anhydride . 

4'2 

2-6 

161 

10*4 

11*7 

6*7 

12 8 

7*8 

7*1 

7*9 

5*5 

9-9 

1*6 

Silicic It • 

0*1 

12 

9-7 

80 

2*7 

12 

09 

2*0 

0*7 

9*9 

8*4 

1 0 

13*11 

Carbonic „ 


— 

10*7 


12*6 

1.V8 

14-8 

14*6 

OR 

6-9 

27-6 

2*1 

Phosphoric „ 

16-9 

lG-6 

9*8 

HI 

88 

4*6 

7*6 

3*1 

40*1 

340 

4*0 

l.VRf 

327 

Chloride of potassium 

[74 

— 

— 

mm 



.— 

lb‘5 





lO-G 

02 

„ sodium . 

14*6 

7*1 

.24 

10*0 

18 0 

&‘4 

10 7 

**• 

0*8 


— 

0*5 


BHASBZO ACXB. Colza oil is, according to Websky (J. pr. Chem. Iviii. 449), 
a mixture of two glycerides, which yield by saponification, brassic acid, whicli ia 
solid at ordinary temperatures, melts between 32 and 33® 0., and crystallises from 
alcohol in long needles ; and another acid, which is liquid at ordinary temperatures 
and resembles oleic acid. The two acids are easily separable by means of thoir lead- 
salts, tho salt of the oily acid being soluble in ether, while brossato of lead is insoluble. 
Websky assigns to brassic acid the formula Stiidclcr (Ann. Cli. Phann. 

Ixxxvii. 133 ) ^jroposea or C**H”0*, which agrees ouite as well with tho 

analyses, and is the same as that of erucic acid, extracted by Darby from oil of 
mustard. Brovssate of sodium gives by analysis 8*5 per cent, soda; the forinuhi 
C^H^^NaO* requires 8*6 per cent. 

SBAinrzTB. Native sesquioxide of mRnganc.se. See Mangaxxsb. 

SltAVirSTfiZN'. The German name of peroxide of manganese. 

BBATSRA AJNTTBSBailZNTZCA (Kunth), or Ilageiiiaab^ssinica (Lamarck). 
— The flowers of this plant, called Kuaso or Kosso, contain, according to Vi ale and 
Latin! (Correspond. Scient, in Boma, Nov. 1862), a peculiar acid, haffcmo acid, in 
combination with ammonia. 

Harms (Arch. Pharm. [2] Ixxxviii. 165) found in 100 pts, of the ash of kufwo, 
after deducting sand and charcoal : 


CO* 

SO* 

P*0» 

SiO* 

Fo*0*P*0» 

NaCl 

13*58 

1*90 

14*43 

3*14 

5*50 ^ 

7*38 

Al-'O* 

Mg*0 

Ca*0 

Na*0 

K*0 

Mn*0* 

1-97 

6*43 

13*37 

13*41 

18*89 

trace 


W00B« The tree which yields this wood, the Cascdjnna oriapa, gren^ 
in Brazil, and also in the Isle of France, Japan, and elsewhere. There are several 
varieties, distinguished by the names of the localities from which they are obtaihod, as 
Pernambuco, Lima, Santa Martha, Sapan (from Japan), &c. Pernambuco wood 
and Lima wood contain the largest amount of colouring matter; viz. about 2*7 per 
cent. ; Sapan wood, only about 1*6 per cent Peach or Nicaragua wood, sometimes 
called Santa Martha wood, is still inferior in point of quantity, but is prsfSerrad for 


some purposes. ; j i. 

Brazil wood is heavier than water, very hard, and susceptible of p<wSR. 

Its colour is pale when i^ewly cut, but becomes deeper by exposure to the iMfi ' 
heaviest specimens generally yield the best colour. It has a swee^h 
chewed, and is distinguished from red sanders or sandal wood by giving 
to water, which on-tidAl wood does not. The colouring matter may also bo .f****' 

Igr alcohol or ammonia, and with greater facility than by water. v 

tincture, according to Dnfay, stains warm marble of a piirolifth red, whj^ OS'! 
creasing the heat, becomes violet ; and, if the stained marine be covered 
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BREAD. 

onsideraltlT heated, it changes through all the shades of brown, and at last becomeji 
txed of a ehocolate colour. 

According to Ch evreul (Ann. Chim. Ixvi. 226), the red colouring matter of Brazil 
^d, to which he gives the name BraeUinf exists ready formed in the wood, and is 
pimply dissolved out by water or other solvents. To prepare it, the wood is <a- 
lausted with warm water ; the solution evaporated to expel free acetic acid ; the dry 
residue is dissolved in water; the liquid shaken up with oxide of lead, to remove any 
remaining free acids ; the filtrate again evaporated to dryness ; the residue dissolved 
in alcohol ; the alcoholic solution likewise evaporated ; the residue ^ dissolved in 
water, and the solution treated with gelatin to precipitate tannic acid : lastlv the 
evaporation and solution in alcohol must be repeated to remove the excess of gelatin. 
(C hevreul.) 

Brazilin crystallises by spontaneous evaporation in reddish yellow needles. It is 
soluble in water, alcohol, and ether. The solutions have a fine red colour, if they do 
net contain free acid ; but the addition of sulphuric, nitric, or hydrochloric acid 
changes the colour to dirty yellow ; hydrofiuoric acid turns it first yellow then 
greenish grey ; phosphoric and citric acids give it a fine and permanent yellow colour, 
whereas with acetic acid a yellowish-red solution is formed, which when evaporated in 
contact with the air, leaves a residue of a fine red colour. The yellow produced by 
citric acid is well adapted for dyeing wood or silk. 

By aulphydric, sulphurous, hyposulphurie, and boric acids, the colouring matter is 
bleached and destroyed ; a similar action is exerted upon brazilin by zinc and dilute 

Alkalis change the red colour of a solution of brazilin to violet or blue : hence in- 
fusion of Brazil wood may he used as a test for these bases ; with hydrate of 
alumina it forma a crimson lake ; with tin- and lead-salts, purple precipitates. 
(Ohevreul.) 

According to Boll ey (Zeitschr. Ch. Pharm. viii. 192), brazilin is identical with 
sapan-red, the colouring matter of Sapan-wood (Cecealjnnia echinata or C. 8apan\ and 
is obtained therefrom with much greater facility than from Brazil wood. (See Sxpak 
Keu, vol. V. p. 191.) 

The precipitates obtained with an aqueous decoction of Brazil wood, are exten- 
sively used for dyeing and for staining paper for walls. The solubility of the colouring 
matter of Brcusil wood, and its strong amnity for mordants, give it a very extensive 
range of application both in dyeing and in calico-printing. (For details respecting the 
mode of dyeing with Brazil wood, see Muepratfs Chemistry^ vol. i. p, 673, and Ure'e 
Dictionary of Arts^ ManvfactureSy and Mines, vol, i. p. 397.) 

B&BiLll. Bread consists of the fiour of wheat or other cereal grain, kneaded 
with water into a paste or dough, which is rendered porous by the interpenetration of 
carbonic acid gas, either generated within the mass of the dough by fermentation, or 
forced into it by mechanical means. The dough having thus acquired the proper 
degree of porosity, is exposed to the heat of an oven, whereby the enclosed gas is 
further expanded, its escape being prevented by the simultaneous formation of the 
crust. The crumb of the bread th\is produced is a soft porous mass of swollen, but 
otherwise unaltered starch, mixed with vegetable fibrin ; in the crust, the starch is 
mainly converted into dextrin and eimpyreumatie products. 

It is the rising of the dough, produced by the carbonic acid, which gives to well 
made bread its peculiar lightness, and distinguishes it from the close, heavy .cake, ju^ 
dueed by merely mixing fiour with water and baking it. The usual method of gsne- 
rating the carbonic acid is by fermentation, and the manner in which this process is 
csonducted has great influence on the quality of the bread ; as, if it be not carried fiur 
enough, the dough will not rise sufficiently, and if allowed to ^ too far, it gives rise 
to the formation of acid and other objectionable products. To facilitate the undi^ 
Blinding of it, we must give some account of the composition of flour. 

Theflour of aU cereal grains consists of on azotised portion, chiefly vegetable fibrin ; 


■ chiefly starch, with variable quantities of dextrin and sugar; 
sfly phosphates. 

our be kneaded into a stiffpaste^ and well washed with water, 
and a viscid elastic solid, (^ed glute^ ia left behind. The 
stand, deposits a quantity of starch mixed with minute par- 
dear liquid filtered from the deposit, leaves on evaporation, a 
s matter, consisting of ve^table dbumin, de^i^ glucose, 
y also ^m, and other simUar proximate principles, heddes 
The gluten, which is essentially the flesh-forming constituent 
V%eta£le fibrin, held together by a veiy tenacious nitrogenoos 
! ot gliadin, which may be extracted by alcohol ; it aim coii» 



tains small quintities oi and flue particles of bran meeltanically mixed, jilt ia the .. 
gliadin which gives to the nitxogeuotis portion of wheat-floUr its i^liar adhasivenesa^ 
and causes the dough prepared with it to rise into a spongy mass when penetrated by 
gases. Other eerem s^i^ oats and rye for example, though rich in vegetable fibrinib; 
contain scarcely any niadin, and consequently the dough prepared from them possesses 
but little tenacity. This is the chief cause of the great superiority of wheat over all 
other cereals, for the preparation of bread. ^ ^ 

When floiqr in the moist state is exposed to tl^e air, the nitrogenous matter quickly 
passes into a peculiar state of decomposition, in ilthich it is capable of acting as a fer- 
ment, converting the starch into dextrin and glucose, and the glucose into alcohol and 
carltonic acid (see iFnEMENTATiON), Hence a portion of dough which has been left till 
it undei^es partial decomposition, and in which state it is called leaven, is capable 
of inducing the so-called panar^^ but reaWy alcoholic fermentation, in a much larger 
quantity of dough, when well kneaded with it. ** A little leaven leavcncth the whole 
lump.’' This method of bread-making has been practised ftom the oldest times, and 
is stul the only one in use for the coarser kinds of bread, such as the Schwarshrot^ or 
black bread of Germany ; but for the finer sorts, beer-yeast is now used as a substitute, 
or rather as a partial substitute of leaven. The process generally adopted in this 
country is as foliowa: A certain quantity of flour is mixed with yeast, salt, and tepid 
water. This constitutes the “sponge,” which is covered up and set aside in a warm 
place, to undergo fermentation. In the course of an hour or so, the mass swells up 
considerably from the generation of carbonic acid, largo bubbles of which rise to the 
surface and burst. With each successive burst, a sudden falling of the sponge takes 
place, followed by a gradual rising, and these alternate actions would, if allowed, con- 
tinue for many hours. Various other modes of making an active s^nge are employed, 
particularly by the use of potatoes. When the sponge, no matter now formed,, is in an 
cliicient condition, the baker mixes up with it f^sh portions of flour, salt, and water, the 
quantities so added forming the greater part of the dough. The whole is then subjected 
to a thorough kneading with the hands, or sometimes with the feet, so that the ferment- 
ing do^h may permeate and aifect the entire substance, and thu» cause an equable 
liberation of carbonic acid in every particle. The dough is set aside for a few hours, 
during which the fermentation proceeds, then kneaded a second time, and weighed out 
into loaves, which are allowed to continue fermenting till they have doubled their 
original bulk. They are then baked in the oven, within which they undeigo afVirther 
increase of shse, due chiefly to the expansion by heat of the confined gases: for the 
heat of the oven quickly arrests the fermentation. 

In Paris, where bread-making has been brought to a high degree of perfection, the 
fermentation is produced chiefly by the gluten of the dough, yeast being used merely 
to facilitate the action. A lump of dou^ remaining ftom the last batch of bread, and 
consisting of 8 lbs. flour and 4 lbs. water, is left to itself for ten hours : in this state 
it is called fresh leaven {levain de chef). By kneading this with another quantitjjr 
of 8 lbs. flour and 4lbu. water, the once-revived leaven {levain de premikre) xa 
obtained. After another interval of eight hours, 16 lbs. of flour end 8 lbs. water are 
added, forming the twice-revived leaven {levain de eeconde); and after three houra 
more, 100 lbs, flour and 62 lbs. water containing | to 41b. beer-yeast are added, form- 
ing the finished leaven {levain de tout paint). The 200 lbs. leaven thus obtained 
are mixed, after two hours, with 132 lbs. flour afpl 68 lbs. water, co^toiniiig j Ih. of 
yeast in suspension and 2 lbs. common salt dissolved. This quantity m dou^ aervea 
for five or six bakings. For the first baking, half the dough (200 Ibs.^ is madA 
into loaves of the required size and form, which are exposed for a while in shallow 
baskets, to a temperature of 26® C. (77® F.), and then transferred to oven. The 
bread thus obtained has a sourish taste and dark colour. The remaining haH of the 
doug}^ again mixed with 132 lbs. flour, 70 lbs, water. Jib. yeast, and the rj^isito ■ 
quantity of salt; the half of this quantity of dough is then formed into loaves, left tof^ 
ferment, and bake^ The same operations are repeated three times, one-half of the 
dough being each time mixed with 130 lbs. flour, IJlb. yeast» and the pro^ quantity 
of water and salt. The last stage yields the finest and whitest bread; “ ^ 

In the normal process of bread-making, the carbonic acid, whoso 
lightness to the bread, is derived principallpr, if not wholly, ftom the : 
the sugar of Hie flour,. induced by the action of metamorphie gluten, 
already observed, contains oHier* nitrogenised substances than »uten, l _ 
nifrogenised sabetances than sugar. How these nitrogenous substances, I-.., 
for example, readily undergo transformation, and them ai^ as fermeiH^ 
sugar and dextrin, but bSSo upon starcb, tiunsfiornnng it into decdS^ 

^metimes also into lactic acid. This is the process whl^ tahes in 

^ grain, in inaitiiig for example (p. 828), hy the action of the iibumin || 
state cafled dMMfasr, How when wheat has been too much hxfKwed 

UU 
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harvest^gt hem sprout^ ftom a&y Bii'b86<j[ti6Dt cause, or wHeu theibiir «v«^ d 
harvested wheat is exposed to heat and moisture^ the albumin passes into this pee^iliar 
itate, and the flour becomes incapable of jicldi^ good bread, because, dtoing the 
process of bread-making, the conversion of st^h into dextrin and sugar, which always 
occurs to a slight extent, then takes place in an exaggerated degree. Bread made 
from such flour, is sticky, saccharine, and soddened, never light and porous. The 
conversion of the starch into dextrin and sugar likewise renders the bread darker in 
colour. In fact, the brown colour of wheaten bread made from flour containing fine 
bran, is due, not to admixture of particles of bran, but in great part at least to a con- 
version of the starch into dextrin and sugar by the action of the altered albuminous 
matter in the bran. According to M^ge-Mouries, bran contains a peculiar nitrogenous 
body called cerealin, which is specially active in inducing this conversion : it appears, 
however, to be identical or nearly identical, with ordinary diastase. Be this as it 
may, it is certain that the finest wheat flour obtained from the central portion of the 
grain, which contains but little nitrogenous matter, has very little tendency to undergo 
the change under consideration ; but coarse flour obtained from the exterior of the 
grain, is rich in azotised substances, and more ready to undergo the glucosic deteriora- 
tion. In white bread of good quality, the starch has undergone very little alteration. 
A small portion of it is rendered soluble in water, but the greater number of the 
granules are simply swollen, not burst, and may be washed out of the bread, collected, 
and weighed. Vogel gives the following analysis of a wheat-bread loaf: sugar, 3 0 
per cent. ; altered starch, 18'0 ; unaltered starch, 53*5 ; gluten, with some starch, 
20-7 «= 95*8. 

The injurious action of diastase, &c. on starch in the process of bread-making, may 
be prevented by the addition of certain mineral substances. Alum has long been 
employed for this purpose by bakers, and it certainly has the effect of rendering 
available for bread-malang many qualities of flour, which must otherwise be wasted. 
Dr. Odling says (Journal of the Society of Arts, April 9, 1858) : “If we mix a solution 
of starch with infusion of malt, in the course of a few minutes only, the starch can no 
longer be detected, being completely converted into dextrin and sugar, but the addition 
of a very small quantity of alum prevents altogether or greatly retards the trans- 
formation. The action of diastase on undissolvcd starch is very gradual, but liere also 
the interference of the alum is easily recognisable. Bread made with infhsion of bran 
or infusion of malt^ is very sweet, sodden, brown-coloured, and so sticky as almost to 
bind the jaws together during mastication. But the addition of alum to the dough 
causes the loaves to be white, dry, elastic, crumbly, and unobjectionable, both as to 
taste and appearance. I have found that flour which is of itself so glucogenic as to 
yield broad iindistinguishahlo from that made with infusion of malt, could, by the ad- 
dition of alum, be made to furnish a white, dry, eatable loaf.’* 

Alum is also said to prevent bread from turning sour and mouldy. The sourness 
often observed in bread of inferior quality, arises from the conversion of part of the 
starch into lactic acid. Now as alum prevents the transformation of starch, it may he 
expected also to interfere with the production of lactic acid. 

Considerable discussion lias taken place as to the probablo efifects of the habitual 
uscof alumed bread on the digestive functions, some medical men asserting that alum, 
unless taken in much larger quantity than is likely to occiu* in bread, is quite harmless, 
while others attribute to it the most injurious effects. In this, as in many cases, the 
truth probably lies in the middle. Many of the statements which have been put forth 
on this, as on other questions relating to the adulteration of food, are doubtless grossly 
exaggerated; nevertheless, it would be unsafe to assert that the use of alum is quite 
free from objection. Dr. Dauglish, in a paper to which we shall have again to refer, 
sap^s : “ Its effect on the system is that of a topical astringent on the stirface of the 
alimentaiy canal, producing constimtion, and deranging the process of absoiptioa. 
But its action in neutralising the efficacy of the digestive solvents, is by for the most 
important and unquestionable. The very piipiose for which it is used by the baker, 
is the prevention of those early stages of solution which spoil the colour and lightness 
of the bread whilst it is being prepared, and which it does most effectually : but it 
does more than needed : for whilst it prevents solution at a time that is not desirable, 
it also continues its effects when taken into the stomach, and the consequence is, that 
Adatgo portion of the gluten and other valuable constituents of the flour, are never 
^ solved, but pass through the alimentary canal without afiTording any nouiHl^' 

?v^oW^b|ection made against the use of alum, viz. that it has the power of cansiiig 
bfe^ to Tetnn a lar^r proportion of water than it otherwise woul4 so thatbakem 
nlnm defraud their customers by selling water instead of bread, does not 
re^ on satisfactoiy evidence. Odling (Ibc. eit) examined the new mmiDb 
or eig^bMA ldnmed and seven non-alumed loaves, and found that the former contidii^ 






on the ayeram 43^8 per and the latter, 42*78 per cent, water, the difibrence being 

quite insignmoant aa oompaied with the differences between the individual loaves, 
whether alumed or not The detailed i^ults, together with the proportions of 
nitrogen and ash in the loaves, are given in the following table, the eamj^es marked 
witli an asterisk being the non-alumed loaves. They are interesting in a general point 
of view, independent]^ of the alum question. The loavea were new, that is, obtained 
during the day on which they were baked. 


Perceiitage of Wateu, Nitboosn and Ash, in Bread Alumad and Bon-aiunird. 



Price in 
Pence. 

Perrrntaflfo 
of Water. 

Percentage 
of (>rg.inlc 
Matter. 

Ferc<>niage 
of Mineral 
Matti^r or 
Ash. 

PercentAfte 
of Aih in dry 
Bread. 

Percrnnigo 
of Nitrogt-n 
in new 
Bread. 

Perrcnlage 

ofNitn^gt'ii 
ill dry 
Bread. 

1 


4303 


wBm 

2*61 


3*21 

2 

4 

42*86 

66*07 

■in 

1*87 



3 

4 

44*81 

63*74 

1*46 

2*62 

1*89 


4 


4fi-7l 

62*12 

1*17 

2*19 

1*14 


d 

4 

4d-42 

63*24 

1*34 

2*46 

1*66 

3*06 


4 

44*33 

64*29 

1*38 

2*47 

1*04 

1*88 

7* 

4 

44*41 

64*38 

1*21 

2*17 

1*06 

1*90 

8 

3| 

38-62 

69*79 

1*59 

2*68 

1*15 

1*47 

9# 

3? 

42*77 

66*00 

1*23 

2*16 

1*31 

2*20 

10 

4 

43*67 

65*09 

1*24 

2*20 

0*93 

1*66 

11» 


42*94 

65*82 

1*24 

2 17 

1*12 

1*96 

12 

4 

44*20 

64*61 

1*19 

2*13 

1*14 

2*06 

\3 

4 

45*12 


1*33 

2*43 

117 

2*16 

14 

3}j 

44*34 

64*41 

1*25 

2*28 

1*23 

2*21 

Id 

4 

43*70 

6607 

1*23 

2*18 

1*01 

1*81 

16 

4J 


65*60 

1*36 

2*39 

1*24 

2*18 

17 

4 

43*90 

64*92 

1*18 

2*11 

1*13 

203 

18 

4 

42*12 

66*65 

1*23 

2*12 

1*23 

2*14 

19 


42*58 

55*99 

1*43 

2*60 

1*34 

2*34 

20 * 

4 

41*08 

57*23 

1 71 

2*90 

1 39 

2*38 

21 * 

4 


54*67 

1*26 

2*26 

1*08 

1*94 

22 

4 

44*46 

54*22 

1*32 

2*38 

1*18 

214 

23 


43*43 

65*24 

1*33 

2*36 

1*19 

2*10 

2t* 


42*89 

65*68 

1*43 

2*62 

1*17 

2*06 

25* 

4 

41*34 

6776 

0*90 

1*64 

1*33 

2*27 

j 

Mean- 

4 

1086*84 

1381*61 

3265 

67*67 

31*53 

66*72 

43*43 

65*26 

1*30 1 

i 

2*30 

1*26 

2*22 


Liimc -water has also been recommended to prevent the transformation of starch 
during paniflcation into dextrin, sugar, and lactic acid. It was first su^ested by 
Liebig, and is said to have been used to a wnsiderable extent by the Glasgow bakers. 
Odling finds, from laboratory experiments, that lime-water is quite as efitoctive 
as alum in preventing the action of diastase upon starch, but seems to hare scarcely 
any infiueuce on the fermentation induced by yeast, or, at any rate, a much less action 
than alum, which certainly retards the process in a perceptible degree. In this respect 
then lime-water possesses an €Ldvantage over alum ; it would also doubtless bo con- 
sidered less objectionable in its direct action on the digestive organs. Bread made 
with it is of agreeable taste, of rather more porous texture than ordmary baker* s bread, 
and quite free from sourness. . 

There are doubtless many other mineral substances which would act in the same way 
as alum or lime-water. Thus sulphate of copper acts very powerfully in oppoiing 
the action of diastase, and is said to have been used ibr that purpose in JpdAuio, an 
ounce of the salt being dissolved in about a quart of water, and a wine-gliMftn of ^ ^h ^ 
solution mixed with tne water necessary for fifty quartern or four-pound loaves. Thu 
quantity is extremely small ; nevertheless the use of so poisonotts^ a substance 
phate of copper cannot be too strongly condemned : bread containing copper would 
sure to act injuriously in the long run. 
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660 BREAD/ 

Mineral substances added to bread may be detected and estimated in the ash ly 
the ordinary processes of inorganic analysis. A few details may, however, be added 
relating to the detection and estimation of alumina. The bread taken for examination 
should be crumb, from the middle of the loaf ; it should be^ carefuDy trimmed from 
crust and outside crumb, as those portions may be dirty. It is then to bo charred on 
a platinum tray ; the charcoal reduced to powder and incinerated in a muffle (p, 418) ; 
the ash digested in pure strong hydrochloric acid ; the filtered solution evaporated to 
dryness to render silica insoluble ; the dried residue drenched with strong hydrochloric 
acid, then boiled with water, and the liquid filtered. The acid filtrate must next be 
nearly neutralised with carbonate of sodium, pure alcoholic potash added in excess, 
which will precipitate earthy phosphates and retain alumina in solution, and the 
liquid boiled and filtered ; aqueous potash must not bo used, as it always contains 
alumina. The alkaline filtrate is then to be slightly aupersatoated with hydrochloric 
acid and boiled with carbonate of ammonium ; this will precipitate all the alumina, 
which may then be collected, dried, and tested with nitrate of cobalt before the blow- 
pipe. (See p. Ifid.) 

If a quantitative determination is to be made, it must be remembered that the 
alumina precipitate generally contains phosphoric acid. To estimate the amount of 
this acid, the precipitate, after being weighed, is to be dissolved in hydrochloric acid, 
the solution mixed with tartaric acid, excess of ammonia added (which will produce 
no precipitate), and then sulphate of magnesium. The phosphoric acid will thereby 
be precipitated as ammonio-magnesian phosphate, which is converted by ignition into 
pyrophosphate of magnesium, Mg*P*0^ whence the quantity of phosphoric anhydride 
may he calculated, and this, deducted from the total weight of the alumina 
precipitate, gives the quantity of alumina. Or the precipitated alumina containing 
phosphate may be dissolved in nitric acid, a piece of metallic tin added, and the liquid 
boiled : the tin is thereby oxidised, and remains as an insoluble powder, consisting 
of stannic oxide and phosphate, the whole of the pliosphoric acid being thus separated 
from the alumina. The whole is next evaporated to dryness, the residue treated with 
water and filtered, and the alumina precipitated from the filtrate by carbonate of 
ammonia. 

Unfermentbd Bread. — Instead of using alum or other mineral substances, as 
above described, to counteract the injurious secondary actions which take place during 
the fermentation of dough, methods have been proposed, and to a certain extent carried 
out, for dispensing with tho fermentation altogether, and supplying the carbonic acid 
which is to give lightness to the dough, from some extraneous source. 

1. Instead of mixing salt (chloride of sodium) with the flour and water, hydrochloric 
acid and carbonate of soda are added in the proportion required to form chloride of 
sodium, the carbonic acid thereby evolved causing the dough to rise just as if it had 
been generated by fermentation. Bread thus made is said to be of good quality, 
though it is never so white as ordinary baker’s bread. Tliere is, however, a serious 
objection to its constant use, namely, that it is liable to be contaminated with arsenic, 
introduced by the hydrochloric acid. That acid indeed, as found in commerce, always 
contains arsenic, the complete removal of which can only be effected by a process much 
too costly and troublesome for the piirposcs of a bake-house ; and though the quantity 
of arsenic actually present in the bread may be small, still by daily use it might accu- 
mulate in the system and ultimately produce injurious effects. 

2. Preparation of Aerated Bread. — Carbonic acid gas produced from chalk, either 
by the action of dilute sulphuric acid or by ignition, and stored in an ordinaiy gas- 
holder, is pumped therefrom into a cylindrical vessel containing water, whereby the 
water becomes charged with the gas. This carbonic acid water is mixed under pres- 
sure with the flour, and the resulting dough, which becomes vesicular on the removal 
of the pressure, is divided into loaves and baked. This process, which was invented 
and patented by X>r. DaugUsh, has been carried out on a large scale in London and 
other places. 

The following is a description of the apparatus : — A (Jig, 112) is tho mixer or vessel 
in which the flour, water, and salt are mixed together. It consists of a veiy strong 
iron spheroidal vessel, with an internal capacity of from 17 to 20 cubic feet. It has 
an opening B at the top, to which an air-tight cover is fitted, and the means of closing 
it to resist considerable pressure. There is also a corresponding opening C at the bottom, 
laige enough for a man-hole, and also closed by a lid, to whicli is attached the appa* 
ratus for drawing off the dough through suitable mouthpieces in a ooiAinuoas strei^ 
which is cut into pieces by a boy, and received into boxes or baskets to be convej^ 
to the oven. Though the centre of the mixer, a shaft passes furnished with stuffing 
boxes, to prevent the escape of compressed gas, and in tMs shaft suitable mixing anrui 
are fixed : by means of the necessary gearing this shaft is made to rotate by steam 
power. D IS a copper water- vessel, having cotnmunicaiioh with tho mixer tho 
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bottoini-l>jr ineiinB of a Talve, and ficom the top by meana of a pipo pasainff ap inaide 
tho "water-Tessel* Thia water-vessel has also commuiiication with a pair of condenainff 
pumps, which are fixed in the ^ 

aame frame behind the mixer. Fig, 112. 

and are worked by a steam en- 
gine, The communication is by 
means of the pipe E, which ter- 
minates within the water-vessel 
by a rose perforated with minute 
holes. 

To work the apparatus, the 
top cover B of the mixer is 
opened, and about 660 lbs. of 
Hour are shot into it by 
means of a hopper and shoot 
connecting with the floor above ; 
water, to the amount of 30 gal- 
lons or BO, is drawn into the 
water- vessel from a cistern above, 
and tho whole is tlien closed, 
after adding to the flour the ne- 
cessary salt. After removing 
Mie air from tlie apparatus by a 
suitable pump, carbonic acid 
is pumped by the condensing 
pump from a gas-holder, in which 
it is stored until it is condensed 
to about seven atmospheres. This 
condensed gas being dispersed by 
the rose at the bottom of tho 
water-vessel, passes in minute 
streams through the water, and 
as the density within increases, 
the water absorbs tho gas in pro- 
portion, that which is not ab- 
sorbed passing down the internal 
pipe from the top of the water- 
vessel into the mixer, so that 
the density within that vessel 
is kept in equilibrium with that 
in tho water-vesseL When the 
right density is attained, the 
valve at the bottom of the 
Water-vessel is opened, when the 
water falls upon the flour, after 
which the mixing arms ore set to work, and in about six minutes the dough is thoroughly 
lomed. It 18 allowed to subside for a minute, and is then drawn off through the 
bottom apparatus, being forced through it by the clastic force of tho gas within, 
'Jn escaping from the condensed atmosphere in the mixer, the dough immediately 
as^mes the yesiciftar form and texture, and is ready to be baked. 

i he carbonic acid is obtained by acting on whiting or ground chalk with sulphuric 
Tf*t comes off perfectly pure, and, being kept over water, is thoroughly washed, 
f cubic feet of carbonic acid at atmospheric density to prepare dough 

rom 280 lbs. of flour, about 11 cubic feet being incorporated with the dough, the re- 
aming 9 cubic feet being wasted in the operation of drawing the dough off, and in 
a sulphuric acid give, in practical working, 21 cubic feet of 

carbonate of lime, the sulphuric acid neing of density of 
48. The gas which is left in the apparatus after the dough is discharged, is re- 
to the gas-holder for further use. ^ 

this process are thus stated by Dr. Odling in a paper read before 
l ie unemical Section of the British Association at Aberdeen in 1869:— 1st. Its 
Instead of the dough being mixed with the naked arms or fee^ the 
from the wetting of the flour to the completion of the baking, is not, and 
^ tonehed bv any one. 2nd. Its rapidity. An hour and a half serves 
’^®Jtifo conversion of a sack of flour into bak A loaves ; whereas, in the ordinary 
P'ooes^ibur or five hours are occupied in the formation of the sponge, and a fhrtber fcifiaii 
«ne kneading, raising, and baking of the dough. 3rd, Its pravanting theglucogenis 

u u 3 
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Jet^ioration of tlie flour, whicH takes place in the ordinaiy process (p. 657), aidUiesehy 
obviating the necessity of uaii^ alunu 4th, Its certainty and nniformity. Owing to 
dinerences in the character ana rapidity of the fermentation, dependent on Taria^tis 
of temperature, quality of yeast, &c., the manufacture of fermented bread frequently 
presents certain vagaries and irregularities from which the new process is entirdjf^. 
5th. The charr^ter of the bread. Chemical analysis shows that the flour has under* 
gone less deterioration in bread made by the new than in that made by the fermenting 

S rocess. In other words, the percentage of extractive matters is smaller, llie new 
read has been tried dietetically at Guy’s Hospital, and by many London physicians, 
and has been highly approved of. It is well Imown that, for some years past, the use 
of fermented bread in dyspeptic cases has been objected to by members of the medical 
profession, the debris of the yeast being considered unwholesome, and liable to induce 
acidity. 6th. Its economy. The cost of carbonic acid is alleged to be less than the 
cost of yeast. Moreover, in making fermented bread, there is a small but necessary 
waste of tlio saccharine constituents, which is avoided in the new process. 7th. The 
saving of labour and health. It substitutes machine labour for manual labour of a 
very exhausting kind. The sanitary condition of journeymen bakers was investigated 
some time ago by Hr. Guy, and found to be most lamentable, from their constant 
night work, and from the fatiguing and unwholesome character of their labour, par- 
ticularly the kneading. In a politico-economical point of view, the process is also 
important, as removing bread-making from a domestic manual work to a manufacturing 
machine work. From the character of the apparatus, tlie process can only be used 
profitably on a laige scale, jand not in small bakeries. 

Of all the advantages just noticed, the most important is the prevention of the de- 
terioration of the flour, which is so apt to occur in the ordinary process of bread- 
making, We have already observed (pk C57) that this deterioration consists in a too 
great conversion of the starch into dextrin and sugar, and that it takes place to the 
greatest extent when flour is used which contains the external as well as tlio central 
portions of the wheat-grain, because the external portions are rich in nitrogenous 
mutter,-- the central consisting almost wholly of starch, — and a portion of this matter 
passing into a metamorphic state (diastase or cereahn) and acting as a ferment, 
produces the change just mentioned. Now it is important that this oxtemsd nitro- 
^nous portion of tlio grain should be retained— -especially for persons who eat but 
little meat, and to whom broad is^ essentially the staff of life, — both for its direct 
nutritive power, and for the part which the metamoiphic gluten undoubtedly plays in 
assisting the solution of the starch and unaltered gluten in the process of digestion. 
In this country, however, there is an almost universal preference for white bread, and 
consequently the miller contrives so to grind and dress his flour as to get rid as far as 
possible of the nitrogenous portion, and thereby prevent the conversion of the starch 
into dextrin and sugar during fermentation, which, as already observed, is the chief 
cause of the loss of whiteness. Hence it is, perhaps, as Hr. Hauglish suggests, that 
wheaten bread has not hitherto entered so extensively into the diet of the poor man 
in England as oatmeal in Scotland. The latter is prepared for food by simpty boiling 
it in water in the form of a porridge, so that all the elements axe presented to the 
system uninjured by artificial processes, whereas our wheaten bread is generally prepared 
in such a manner as to rob it of certain of those constituents which not only possess in 
themselves great nutritive power, but likewise materially facilitate the digestion of the 
whole. Now the new method of broad-making renders it possible to retain all these 
matters, and at the same time to produce a liglit crumbly loaf, without the use of alum 
or any other mineral ingredient. (See a paper by Dr. Hauglish read before the Society 
of Arts, 25 April, 1860 ; also ** On Fermented Bread and Aerated Bread,’* Medical 
Times and Gazette, 12 May, 1860.) 

For further details on the making of bread, and for descriptions and figures ol 
kneading machinery and patent ovens, see the article Bread in Ur^s Dictionary cj 
Arts, Mant^actures, and Mines, i. 400 ; Muspratt's Chemistry, i. 353 ; F^en, Dricit 
de Chimie IndustrUlU, 4«» 5d. ii. 126; Handworterbuck d. Chem, 4*« Aufi. ii, [21 511. 
On the composition of wheat-grain, flour, and bread, see Lawes and Gilbert. (Ohem. 
Soc. Qu. J. X. 1, 269.) 

nuuir. See loicA Resin. 

BSUlSlUJtlTB. A miner^ oeeurrine in cavities of Vesuvian Java, m capillaiy 
ononis. ^ Chapman (PhiL Ilbg. [3] xxxvii. 444) regards it as a variety of augit«* 
The form is that of basaltic augite. Colour brownish or grey with metallic lustre. ImH* 
beifi^ the blowpipe to ashining magnetic bead. Not by h niling hyiiy iviliiftrin 

BMITBAWTITB. Native antimonide of nickel, Ni*Sb* (p. 316). 
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M’^M^SsoBL OMnnr. A ateen pigment consisting chiefly of bnsio carbonate of 
copper mixed with alumina ana carbonate of calcium. According to Bley, a fine bine- 
green colow is obtained by disaolvi^ commercial sidphate of copper in 10 pta. of 
\rater, adding a little nitric acl^ leaving^ the liquid to itself for a week, then filtering 
adding fresh lime-water, precipitating with filtered solution of pearl-ash, and mixing 
tlie washed precipitate With gum-water to give it lustre. 

BSjiirmsmZTB. See Magkbsxtb. 

sUmeXTB. See Natboute. 

BBBWSTBBXTB* a somewhat rare mineral, occurring in transparent colourless 
prismatic crystals, of the monoclinic system, with the lateral faces inclined to the ter- 
minal faces, at an angle of 93® 40'. Specific gravity 2*12 to 2-2 (Brewste^; 2*463 
(Mallet). Hardnes* = 6-0 to 6*6. According to the following aualyseB by Connell 
(ElI. N. Phil. J. xiv. 36), Thomson (Mineralogy, i. 348), and Mallet (SilL Am. J. 
1 2] xxviii. 48), it is of the form M''0.Al*0*.6Si0* + 6H*0, the symbol M" denoting 
Ltrontiuni. barium, and calcium in the atomic proportion Sr : Ba : Ca — 4:2: l,and 
Ijy regarding the water as basic and substituting alf' — 18*3 for A1 ■■ 27*4, the for- 
mula may bo reduced to which is of the form R®Si*0’op Il^SiO^R*SiO* : 


SiO« 

A1H)» 

Ba^O 

Sr'O 

Ca'O 

H*0 

Fe*0* 

63*67 

17*49 

6*75 

8-32 

1*35 

12*58 

0*29 = 100*46 (ConneU) 

63*04 

16*54 

6-0*2 

9*01 

0*80 

14*73 

— — 100*17 (Thomson) 

62*42 

15*26 

6*80 

8-99 

1*19 

13*22 

trace « 97-87 (Mallet) 


Before the blowpipe, it parts with its water and becomes opaque, then froths, and swells 
up, but melts with difiicultv. licaves a silica skeleton wien fused with phosphorus- 
eult. Dissolves in acids, with separation of silica. It occurs at Strontian in Argyleshire, 
on the Ciant’s Causeway, in the lead mines at St. Turpet near Freibui*g, in tho 
Breisgau, in tho department of Isire in France, and in the Pyrenees. 

SBBWSTOXiZSr. A liquid hydrocarbon found in minute cavities in crystals of 
topaz, chiysoberyl, quartz from Quebec, and amethyst from Siberia, in which it was 
detected by Sir D. Brewster. It is transparent and colourless, and is nearly thirty-two 
times as expansible by heat as water, increasing one-fourth of its volume by an incre- 
ment of 30^, at 60® F. On exposure to the air, it undergoes quick motions and 
changes, and finally evaporates, leaving a residue of minute solid particles, which, fix>m 
tho moisture of the hand alone, suddenly become fluid again. The residue volatilises 
by heat, and dissolves in acids without efflorescence. (Dana, ii. 471.) 

BBZCBS. Common bricks ore made with clay mixed with sand or ashes, and 
baked OP burnt at various temperatures. In some southern countries, bricks are merely 
dried in the sun, but they then remain very friable, and are fit only for light con- 
structions. Nearly all sedimentary or alluvial formations contain clays which may bo 
used for making bricks. Some clays do not require any addition of sand, but with 
plastic clays an admixture of sand is necessary. In this country, coal-ashes are mixed 
with the clay, partly to give it the right consistence, partly to facilitate the burning. 
The clay is dug up and turned over in the winter, and being thus exposed to wet 
and frost, it breaks up and mixes better with the coal-ashes which are afterwards 
added. For stiff clays, 50 chaldrons of ashes arc added to 240 cubic yards of day; 
for clays containing much sand, 40 chaldrons of ashes to 220 cubic yar& of clay, and 
these quantities make 100,000 bricks. The clay and ashes are mixed with watdr and 
thoroughly incorporated, first by raking and a^rwards in the puff-miUy whidi is an 
iron-hoop^ barrel, in the centre of which is a vertical shaft, worked by a horse, and 
bearing six knives, all of which, except the top one, are furnished with teeth. At ^e 
bottom of the barrel, is a smaU hole, through which the masticated clay ia fyreed by 
the Grinding of the teeth. The day is next fashioned into bricks in redhngular 
wooden moulds, previously sanded. The bricks are then dried in the air, and after^ 
wards made up into heaps called clamps^ having flues or spaces left in them, whidi are 
filled with dry wood, on which is put a covering of breeze^ a coarse kind of coal-ash 
left from the sifting. The clamp vmen full is surrounded with old bricks, and on tho 
top of all a thick layer of breeze is laid. The external bricks a;t' the sides are coated 
with a thin plastering of clay, to exclude the air, and in wet weather protected by 
hurdles ‘^^ving rashes woven into them. The Are is lighted at the mouths of the - 
flues, which, if it bums well, are then stopped m. In favourable wither, the bricks 
are burnt in about tweniy-Ave or thirty daya In this mode of buming, the coal-ashcs 
incorporated in the sub^nce of the bricks contribute greatly towards the efibeh 
Sometimes, however, bricks are burned in Idlns, and then they have no ashes miiced ^ 
^th them, the flring being wholly extemaL 

Fire-bricks are bricks ox refractory riay, that is of clay which will stand A 

V V 4 , 
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strong heat without fhsing. Sack days must be 
iron. The day of Stoarbridge in Worcestershire, an4 th£s of^B^ 
brated for their fire-resisting qualities, and are therefore lised ihudng farichB 
lining fhmaces. The clay is mixed with sand or with the firaj^ents of old ftre- 
brickb ground to powder.' (See Ure*a Dictionary of Arta^ ManuJ^cimeat and 
i. 441.) - ' . 

BRZCXS (I'XiOATXSrCt)* Ericks that swim on water were inaniifaetiui|||^ the 
ancients ; and Fabbroni discovered some years since, a substance, at Oastel d^ fiano, 
near Santa Fiora, between Tuscany and the States of the Chxirch, fiom which similar 
bricks might be made. It constitutes a brown earthy bed, mixed with the remains of 
plants. Hauy calls it talc yidithiUent silicifhCt and Brochant considers it as a variety 
of meerschaum. The Germans naroQ it Bergmehl (mountain meal), and the Italians 
latte di luna (moon milk). According to Klaprotirs analysis, it condsts of ‘79iailica, 

alumina, 3 oxide of iron, 12 water, and 1 loss, in 100 pts. It agrees nearly in com- 
position with Kkselguhr. U. 

SRZXiXiTAlflrT. Diamond cut in such a way as to reflect light most vividly, is 
called a brilliant. (See Diamond.) 

BnXItSSTOirB, SeeSunPHun. 

BttZSrDOirXA ZXrSXCA. A plant belonging to the order Guttifera. The 
pericarp of the fruit is used in Goa as a spice, and the blood-red acid juice as a 
lemonade. The seeds are convex, red-brown, tasteless, of the size of ordinaiT’ beans, 
and contain 1*72 per cent, nitrogen, or after removal of the fat, 2*58 per cent. In the 
dry state, they do not yield any fat by pressure, requiring to be previously softened by 
vapour of water ; by the use of solvents, 30 per cent, of fat may be extracted. The 
crude fat is nearly colourless, melts at 40® C., dissolves sparingly in hot alcohol, and 
easily saponifies, yielding glycerin, together with oleic and stearic acids, the latter 
amounting to 60 per cent. From the crude fat, pure stearic is easily obtained by crys- 
tallisation and pressing out the mother-liquor. The red-brown cake left after ex- 
hausting the fat with ether, contains a fine red colouring matter, soluble in water and 
alcohol, insoluble in ether and in acids. (J. Bouis and D’ Oliveira Pimentel, 
Compt. rend. xliv. 1365.) 

BRXTAWXaxa. MBTAXi. An alloy of tin and antimony, (See Tin.) 

BBXTBTZrB. Syn. with Glauberitb.— BBXTXBB aVM, See Dextrin. 

BBZTTZiB aX&VXB OXUB. Native sulphide of silver. See Silver. 

BBOCATBIiZiO. A calcareous stone or marble, composed of fragments of four 
eolours, white, yellow grey,, and red. 

BROCOOBZ. See Brassica. 

BBOCBAXTTZTB* A basic sulphate of copper, 0u"S0*.3Cu"H*0*, found native, 
associated with malachite and red copper ore, at Ekalheritienburg in Siberia, and at 
Bezbanya in Hungary. Small right rhombic prisms of 117®. Emerald-green, trans- 
parent, with glassy lustre ; harder than calcspar. Specific gravity 3*80 — 3*87. Melts 
before the blowpipe, and forms a bead of reduced copper or cbar^l. 

BROBBBO TAXTTABXTB. See Tantax.ITE. 

BROOXrXARBXTB. A sulphantimonite of lead and silver, Pb"Ag*S* Sb*S*, from 
Mexico. It occurs in masses without cleavage. Lustre metallic. Streak greyish- 
black. It is rapidly attacked by strong nitric acid. An analysis by Damon r (Ann. 
Min, [4] xvi. 227) gave 19*38 per cent. S, 29*96 Sb, 26*03 Ag, 24*74 Pb, 0*64 On, and 
0*04 Zn. 

BROOWXABTXMr or BROamCARTZTB. Syn. with Gdavberitb. 

BBOMACBTZC ACXB, C*H>BrO» ~(W. H. Perkin and B. F. Duppa, Chem. 
Soc. Qu. J, xi. 22.) 

Formation, — ^By the action of bromine on acetic acid : — 

+ Br« - C*H»BrO= + HBr. 

A small quantity of dibromacetio acid is formed at the same time. 

Preparation. — A mixture of glacial acetic acid and bromine in equal lumbers of 
atoms (an excess of acetic acid being used to absorb the hy^bromicacid and tiierekf 
diminish the pressure) is introduced into a strong sealed tube, and heated in an oil- 
bath to 160® C., luid the bath is then left to cool gradually. When the temperatoM has 
fallen to about 146®, the mixture suddenly becomes nearly colourless, or fight ambers 
brown, and at the same time, the tubes are a^to burst, though the ten^perature of 
the bath may have risen as high as 166®. tube when quite cold is opened* 

torrents of hydiobrofmo acid gas then escaping ; the contents are transferrM to a 
retort provided with .proper apparatus for condensii^ the hydrobromic acid, and 
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heated td Uft to odol. The whole cooteLte then oolidii^ 

after a while into W ezyetalHne mate, consisting of bromacetic and dibro- 

macetie adds, iniated with a little hydrobromic acid, to remove which the mixture 
is heated to 130°, and.earbonic add gas p^ed through it till the presence of hydro- 
bromic add io ho longer indicated by nitrate of silver. Carbonate of lead is then 
added J^exce^ together with a volume of water about ten times as great as that of 
the atej^ bnd the whole is heated to 100° and allowed to stand for some hours. 
Biomaceiate of^lead then crystallises out, while dibromacetato remains in solution. 
The crystals may be freed from the last portions of this salt by washing with a little 
cold wat^. I<astly, the crystals of bromacetate of load are suspended in water and 
decomposed by Biilphurett^ hydrogen, and the iUtered liquid is evaporated till it 
crystallises. 

Bromacetic add forms rhombohedral crystals which are very deliquescent. It melts 
below 100° C., and boils at 208° ; attacks the skin powerfully, raising n blister like a 
bum ; when the acid is dilute, this effect takes place after eight or ton hours only. It 
is very soluble in water. 

The acid strongly heated in a sealed tube, is resolved into dibromacetic acid, 
carbonic oxide, and apparently marsh-gas, together with water and hydrobromic add, 
probably as represented by the equation : 

3C*H*BrO* « C*H®Br*0* + SCO + CH* + HBr + H^O. 

On distilling it with acetate of potassium, acetic acid is evolved. — Heated with 
metallic zinc, it yields acetate and bromide of zinc. — Heated with ammonia, it forms 
bromido of ammonium and glycocine : 

C®H»BrO* + 2NH* = NH^Br + C*n*NO*. 

The acid is monobasic, the formula of its salts being C*H*BrO®.M. Most of them 
are crystallisable and many of them decompose rapidly. 

Brmnacetate of Ammonium. — Nearly uncrystaUisable ; very soluble in water; de- 
composes when heated, yielding bromide of ammonium. 

liromeuietaU of Barium crystallises with difficulty in small stars containing water 
of crystallisation ; it is tolerably soluble in alcohol. 

Bromacetate of Calcium is a very difficultly crystallisablo salt, very soluble in water, 

Bromacetate of Copper is a green crystalline salt, very soluble in water, A 
Solution of it appears to decompose when lx>iled, as the colour becomes paler. The 
solution, after standing for some days, deposits ne^le-shaped crystals and small mala- 
cliite-green tufts of great beauty, which appear to contain a large quantity of water of 
crystallisation. 

Bromacetate of Lead. — Obtained, either by neutralising bromacetic acid with oxide 
of lead and reciystallising the product from water; or by adding a solution of brom- 
acetic acid to a solution of acetate of lead, washing the resulting crystalline precipitate 
with cold water, and recrystallising from water. Crystallises in needles, sparingly 
soluble in cold, but moderately soluble in hot water. 

Bromacetate of Potassium. — Obtained hy nentralising a solution of carbonate or 
hydrate of potassium with bromacetic acid, and evaporating the solution in a water- 
bath. It is a crystalline salt, very soluble in water and alcohol. 

Bromacetate of Silver. C*H®BrAgO*. — Obtained by treating bromacetic acid 
with carbonate of silver, or by adding a solution of bromacetic acid to a solution of 
nitrate of silver. In the latter case, it is thrown down as a beautiful crystalline pre- 
cipitate, which may be washed with cold water, and dried over sulphuric acid in vacuo. 
Contains 43*62 per cent, silver (by calculation, 43*9). It is very nnstable. The dry 
salt heated to about 90° C., decomposes with a sort of an explosion. It is rapidly acted 
upon by light when moist. Boiled with water, it yields bromide of silver and pycoliio 
acid: 

Cf*H*BrAgO* -t - AgBr + C*H<0*. 

Broinacctate of Sodium is very soluble in water, but insoluble, or nearly so, in 
alcohol. 

B&ox40XTza Etrbrs. — Bromacetate of Methyl, C*H*BrO*«-C*H^rO*.CH*, is ob- 
tained by beating amixtore of methylic alcohol and bromacetic acid in a sealed tube 
for an hour, to a temperature of 100° 0., washing the product with water, drying oyer 
chloride of calcium, and rectifying. It is a transparent, colourless, mobile liquid, having 
an^ aromatic odour highly irritating to the nose and eyes. It is heavier than water; 
boik at about 144° C., decomposing g^radnally every time it is distilled. Ammonia setn '' 
on it veiy readily. 

bromacetate of EthyL C^H^BrO* * C^*BrO».0»H».— Obtained in a nmilsn 
manner to thn preceding. a dear colourless liquid, hesgper than water, an4 ■ 
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liighl^ urltatii^ to tlie eyes and nose. It boils at 159^ 0. Decomposes partiaQy ereiy 
time it is distiBed, witn eyolution of hydrobromic acid. It is lapidly acted on by 
ammonia. 

JBrorruic^tate of Amyl, C^H’*BrO* « C*H*BrO*.C*H". — Obtained by heating amylio 
alcohol with excess of bxomacetie acid, washing the product water, ana drying 
over^ chloride of calcium. It is an oily liquid which has a pleasant odour whjen ool{ 
but if heated, acts upon the eyes and nose like the preceding. It boils at 207® C,, and 
decomposes partially every time it is distilled. Ammonia acts but slowly upon it in 
the cold. 

The bromacetates of methyl, ethyl, and amyl, boil at temperatures about 82® to 86®C. 
higher than the acetates. Thus — 

Boiling-point. Boiling-point. Diff. 

Bromacetate of Methyl . 144® C. Acetate of Methyl . 68® C. 86® 

„ Ethyl . . 169® „ Ethyl . 74® 86® 

„ Amyl. . 207® „ Amyl . 126® 82® 

A similar difTerence exists between the boiling points of bromacetic acid (208®), and 
acetic acid (120^). 

3>lbromaoetio Add. CTI^Br^O®. (Perkin and Duppa, Cliom. Soc. Qu. J. xii. 1.) 
— Formed, together with monobromacetic acid, when a mixture of bromine and acetic 
^id is exposed to light (p. 663). To obtain it in quantity, the monobrominated acid 
is exposed to the action of bromine-vapour in strong sunshine. The product may be 
freed from hydrobromic acid by passing a stream of dry carbonic acid gas through it 
at 120® C. 

It is a colourless, inodorous liquid, of specific gravity 2 25 ; it was once, during very 
cold weather, obtained in fine needle-shaped crystals. When placed on the sfeii, it 
produces painful blisters like burns. It boils between 225® and 230® 0., but cannot be 
distilled without decomposition. It dissolves readily in water, producing cold ; also 
in alcohol and ether. Zinc decomposes it, with evolution of hydrogen. 

Dibromacctate of Ammonium. C'H^Br'O'.NH* + §aq. — Obtained by neutralising the 
acid with dilute ammonia and leaving the solution to evaporate, either in the air 
or over sulphuric acid in vacuo. Forms splendid crystals, which give oflT their water 
at 100®, becoming white and opaque. Heated to 100® C. with excess of ammonia, it is 
decomposed, giving off volatile products, which have not yet been examined. It dis- 
solves readily in water, alcohol, and ether. 

JDibromactiate o/ Potassium is. a beautifully crystalline salt, shooting out into 
long and very brilliant crystals, containing water of crystallisation ; very soluble in 
alcohol and water, but not deliquescent. 

DibroTnacetate of Lead is a very soluble and unc^stallisablo substance, drying up 
to a tough gum-like mass. When added to water in excess, it fuses and runs about 
like a heavy oil; it is formed by adding the acetate or carbonate of lead to dibrom- 
acetic acid. 

Mercurous Libromacetate is precipitated on adding a solution of mercurous nitrate 
to dibromacetic acid ; it much resembles dibromacetato of silver, andlio it undergoes 
decomposition when boiled. 

Libromacetate of Silver is formed by adding the carbonate or nitrate of silver 
to dibromacetic acid ; it crystallises in small needles, often grouped in stars when 
the acid is dilute. It is easily decomposed at 100® C. yielding bromide of silver and 
bromoglycoUic acid : 

C'-“HBr»0,Ag,0 -h H*0 « C*HBrO.H*.0* + AgBr. 

Dibromacetate Bromoglrcollic 

of silver. acid. 

Dibromacetic acid heated with etkylia and amylio alcohols^ yields the corresponding 
ethers. The ethyl-compound is decomposed by ammonia, yielding al co h ol an d 
dibromacetamide: 

C*HBr*.C^H» 0* + NIP « C*H*.H.O + N.H*.C*HBr*0. 

QSOMAOBTZSrSa See Agstins. 

BifcOMAK. Hydride of ^bromacetyl Oxide de BroTtUtMe, C*HBr*0*»C^iH).H 
(Lowig, Ann. Ch. Pharm. iii. 228.) — A (impound analogous to chloral, and produced 
in like manner, by the action of bromine on alcohol. 3 or 4 pta. by weight o^romine 
are mFadoally added to 1 pt. of absolute alcohol, cooled by ice f the mixture is left te 
ita^ for ten or twelve days, and then distiUed; and after three-fourths (consisting of 
hydrobromic amd, bromide of ethyl, and other products) have passed over, the ra^ne 
is mixed with water, and exposed to the air for a day or more in a shallow basim It 
then dej^its lar^ ciystals of hydrate of biomal, which yield the anhydrous oompaand 
by distillation with so^uric acid. Or they may be genay heated ^th six times thdr 
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weight of Btro&g Bulphnrio acid, and the anhydrous hromal, which then sinke to the 
bottom as a colourless oil, may he separated by decantation and distilled, first over 
slaked add then over quick lime. 

Bromal is said to be also produced by the action of bromine on a mixture of alcohol 
and nitric acid. (Aim 6.) 

Bromal is a transparent colourless oil, of specific gravity 3 *34. It is somewhat greasy 
to the touch, and makes grease-spots upon paper, which however soon disappear. Its 
boiling point is above 100^ 0. and it may be distilled without decomposition. It has a 
peculiar pungent odour, and excites a copious flow of tears. Its taste is extremely 
flharp and burning, and very persistent 

Bromal is decomposed by aqueous alkalis in the same manner as chloral, yielding 
bromoform, CHBr*, and a formate of the alkali-metal. Lime and baryta heated in its 
vapour become incandescent, and decompose it, yielding carbonic oxide, water, and 
a bromide of the metil mixed with charcoal. Bed-hot iron acts in a similar manner. 
It is not decomposed by ni tric acid, sii^huric acid, or chlorine. 

Hydrate of Bromal, C*lIBr*0.2IP0. — Bromal dissolves in a small quantity of 
Milter, and the solution, when loft to evaporate, yields the hydrate in large crystals, 
liaving the form of sulphate of copper. They melt at the heat of the hand, dissolve 
readily in water, and yield anliydrous bromal wlien treated with sulphuric acid. The 
bydrate is also formed when bromal is exposed to moist air. 

" Bromal dissolves sulphur and phosphorus, and mixes readily with bromine, also with 
nieohol and ether. 

BROM[.A.XiOZir. See Alotn (p. 148). 

BBOnXilLXIKZBS. Sec Nituoobn, Baomidb of. 

BBOIIXAlDrZl«. Syn. of Perbromoquinonb. See Quinonh. 

BR02IXB.»rZXiB.1MCZC B.CZB. BROBKB.ZrZX.ZC ikCZB. BROMtiklTZBA* 

ivzzOjS. Syn- with DiimoMOQuiN-ONAMio Aoro, Debromouuinonio Acid, and Biuao- 
woqoixonamidk. (See Quinonio Acid.) 

BRO]M:B.XirZZiOZBB. See Tiubromofiienyi:.amine, under Piientlamotb. 

BBOM;.aRZ8ZG RCZB. See Anisic Acio.—BROlIKBJrXSOXi. See Anisoi.. 


BROBKfiLRCmLXTB. Native bromide of silver. (See StBYBU.) 

SR02MCBZZr. ? — ^A crystalline product, obtained in small quantity by 

tlu^ aofioii of bromine on crude benzene. (Laurent.) 

BROIVISTHBRZBB, RROMBTBBRZirf BROKBTBBROZBR. See VnTTL, 

Bjiomide of. 

SROIMCBTHZORBSBZB* A product of the action of bromine on thionessal (q, v,) 
It forms colourless tables, apparently consisting of C®*H“Br^S. (Laurent.) 
BROBKBITBRZO B.OZZ>« Sec Bbomidb of Hydrogen. 

BR01IKRY1>RX1B'B. (Borthelot and He Luca, Ann. Ch Phys. [3] xlviii. 3u4; 
lii. 433.) — These compounds are produced by the action of tribromide or pentabromide 
of phosphorus on gly cerin. Their composition is such as might result from the com- 
bination of glycerin and hydrobromic acid, with e l i min ation of water, and may be 
represented empirically by the general formula 

m C*H»0» + n HBr - p H*0. 


Their names and formulae are as follows : 

Monobrombydrin . . C*H3rO* « 5*5*5! 

Bpibrombydrin • . C*H*BrO ■■ C*H*0 

Hibrornhydrin . . C*H*Br*0 =» C*H*0* 

Tribromhydrin • . C*H*Br* » 

Hemibromhydrin . • C*H*BrO* » 2C*H*0* 

Hex^yceric Bromhy- owHSTjgpO? 60*H*0* 


drin 


HBr- H*0 
HBr - 2H»0 
2HBr - 2H*0 
3HBr - 3H*0 . 
HBr - 4HK) 

HBr - 11H*0 


Mono-, di-, and tribromhydrin, may also be regarded as glycerin, C'H^HO)*, in 
which 1 or more at. of peroxide of hydrogen has been replaced by bronze. 

Besides these compounds, there are formed at the smne time others of simi l^n^i w, 
which have not been examined; likewise acrofem, and dibromallylpho^hine, G^JBrSx^"" 

^e^m^ydrins beated with ^ueons potaah to 100® C., in do»d TeMela, all yield 
bromide of potaasinm and glycerin. , .. . v_ . 

Preparaiian of the Bnmhydrine, — 500 grms. of dycerm aie 
tions to between 500 and 600 grmSe of liqmd bromide of phorohonis, the liqim bmi^ 
cooled after each addition, ana the mixture, atter standing for twenty-four la 

distilled into a well-cooled lecriver communicating with a vessel oontauungpotaili-ley, 
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to abl^b the acrolein Tapotir. As an additional precaution against the ii^arious ^eets 
of this yapoor, the distillation and all the subsequent operations should bo performed 
either in the open air, or under a chimney with a good dranghfe. ^ 

The distillate, consisting of an upper watery layer and a lower liquid insoluble in 
water, may be' freed from part of the acrolein by heating it in the water-bath. It is 
then mixed with potash in sufficient quantity to supersaturate the acid and destroy 
the acrolein^ and the watery layer is separated from the lower liquid. 

The watery liquid is then treated with ether, whereby an ethereal solution is ob- 
tained which, when quickly evaporated, leaves a residue chiefly consisting of the most 
volatile products of the reaction, together with epibromhi/drin. The Tower liquid, 
which is insoluble in water and requires to be treated for several hours with sticks of 
potash, consists chiefly of epibrornhydrin and dibr&mhydrin. The residue which re- 
mains in the retort after the distillation, is suspended in water, supersaturated with 
carbonate of potassium, and shaken up with ether, and the filtered etheral extracts 
are evaporated : they then leave a mixture of dibi'omhydrin, monobromhydrin^ and 
several other substances. 

To separate the individual substances contained in these several mixtures, the mix- 
tures are subjected to repeated fractional distillation, and the portion which does not 
volatilise at 240° C. under the or<linary atmospheric pressure, is fractionally distilled 
under diminished pressure (about 10 mm. of mercury). The distillate thus obtsiined 
between 120° and 160° consists chiefly of dibromhydrin ; between 160° and 200°, the 
compound C®H®Br'®P passes over together with monobromhydrin, and between 200° 
and 300°, syrupy liquids which cannot be further separated, but appear to be brom- 
hydrins. In the retort there remains a thick syrup, together with a black crystalline 
compound which is he^agly ceric hromhydrin. 

Monohromhydri n, C^H^BrO* = (C®IPy".(HO)“.Br. — This compound, which passes 
over at 180° 0. in the distillation under diminished pressure, is a neutral oily liquid, 
soluble in ether, and having a sharp aromatic taste. 

Dihromhydrinj C’^IPBx’-O = (C^H*y".HO.Br®. — This, which is the chief product 
of the action, is a neutral liquid, of specific gravity 211 at 18° C. boiling at 219°, 
having an ethereal odour, and soluble in ether. Heated with pentabromid© of phos- 
phorus, it yields tribromhydrin. Heated to^ 140° with metallic tin, it is decomposed, 
yielding bromide of tin and a tin-compound insoluble in water but soluble in ether. 

When gaseous ammonia is passed into pure dibromhydrin, the liquid becomes 
hot, and yields bromide of ammonium, together with an amorphous substance, 
C*H’^BrNO*, insoluble in water, ether, alcohol, and acetic acid : 

2C»H«Br^O + 4NH> - SNH^Br + OTI'^BrNO*; 
but if the ammonia gas is passed into a solution of dibromhydrin in absolute alcohol, 
the products formed are bromide of ammonium and hydrobromate of glyceranune : 

C»H«Br20 (NH*)*0 = NH^Br + C=»H»NO* HBr. 

Tribromhydrin, C'*H*Br*. — Obtained by distilling dibromhydrin or epibrom- 
hydrin with pentabromide of phosphorus, treating the product with water, distilling, 
and collecting apart that which passes over between 176° and 180° C. It is a heavy 
liquid, which fumes slightly in the air, is gradually decomposed by water, and when 
treated vnth moist oxide of silver, yields bromide of silver and glycerin. It is 
isomeric with Wurtz’s tribromide of (Myl (called by Berthelot and He Buca, isotri” 
hromhydrin)^ and vrith dihromide of bromotritylene^ C*H*Br.Br®. 

Epibrornhydrin or Oxyhromide of Glyceryl, C*H*BrO. — This compound 
is produced in considerable quantity by the action of the bromides of phosphorus on 
glycerin. It may be isolated by repeated fractional distillation, the portions which boil 
at or near 138° C. being each time collected apart. It is a mobile neutral liquid, 
soluble in ether, with an ethereal odour and pungent taste. Specific gravity 1*616 at 
14° C. Boils at 138°. Vapour-density, by experiment, 6*78. (This is considerably 
above the calculated value, 4*80, probably because the densite was taken at a tempera- 
ture too near the boiling ^int, viz. at 178°, the compound decomposing rapidly at 
higher temperatures,)- 

This compound may be considered as deriving from tribromhydrin, by the substitu- 
tion of O for Br*. It is isomeric with bromide of p^opionyl, C*H*O.Br. I ts formula 
# is also that of monobromhydrin minus H®0, or of dibromhydrin minus HBr. 

Hpibromhydrin, heated with aqueous potash to 100° for 112 hours, saponifies, yielding 
bromide of potassium, glycerin, and a trace of matter soluble in ether. Moist oxide 
of silver decomposes it rapidly at 100°, forming bromide of silver and glycerin. JHs- 
tilled with pentabromide of phosphorus, it is partly converted into tribromhydriii, 
cording to the equation : 

C»H»BrO -h PBr»Br« « PBr*0 + C*H*Br*. 
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while the rest nndeigOM more complete decomposition, yielding a block eabstora' and a 
gaseooB mixture, containing* in 100 Tolumes, 5*5 carbonic anhydride, 5*5 trifylene, 11*0 
hydrogen, and 75*0 carbonic ozide. 

Hexa^ly ceric Bromhydrin, C**H*T}rO^ — This compound **remain8 in the 
retort in the form of a black crystalline mass, impregnated with a syrupy liquid. It ia 
purified by washing with cold ether ; boiling ether dissolves it slightly. 

Hemihromhydrin, C*H*BrO*; — This compound passes over in the fractional 
distillation between epibromhydrin and dibromliydrin, viz, at 200<^ O. It is a neutral 
liquid, soluble in ether, and saponifiable by potash, yielding bromide of potassium, a sub- 
stance analogous to or identical with glycerin, and a trace of matter soluble in other. 
The analyses of the compound are said to agree nearly with tho above formula (no 
analyses are given in Borthelot and Be Luca*s memoir), according to which it may be 
regarded as derived from epibromhydrin, in the same manner as the latter »om 
dibromliydrin, viz. by abstraction of half the hydrobromic acid : 

C*H*Br*0 - HBr - C*H*BrO : 

2C»H“BrO - HBr - OH-BrO*. 


It is analogous in composition to iodhydrin. 

BB>OMXC ACZB. HBrO* or H®0.Br®0^ — This acid is produced : 1. By the 
action of bromine on alkalis or alkaline earths : 

6Br + 3K*0 « KBrO» + 5KBr. 


Tho bromate is separated from tlie bromide by its inferior solubility. A similar re- 
action takes place with trloxide of gold, the products being bromate and bromide of 
gold: 

18Br + 3Au‘0* . Au”’|o’ + CAuBr*. 

2. In the decomposition of pentachloride of bromine by water or by alkalis : 

BrCB + 3H»0 « HBrO» + 5HC1. 

To obtain the free acid (bromate of hydrogen) the barium-salt is decompiled with 
an exactly equivalent quantity of dilute sulphuric acid, and the filtrate concentrated 
by evaporation at a gentle heat. It ctmnot, however, be reduced to a syrupy con- 
sistence without decomposition. Tho solution is colourless, acid to the taste, reddens 
litmus, and then bleaches it. It is decomposed at 100^ C., ^ving off bromine and 
oxygen. All reducing agents decompose it. with facility. With svlphurotis acid the 
products are bromine and sulphuric acid ; with avJphydric acidf water, bromine, and 
sulphur ; with hydriodic acid^ water and bromide of iodine ; with hydrochloric acid, 
water and chloride of bromine ; with hydrobromic acid, water and bromine, e, g , : 

HBrO» 5Ha « 3IPO + BrCl». 

A/cohol and ether decompose bromic acid, with formation of acetic acid and great rise 
of temperature. 

Bromic acid is monobasic, the formula of tho Bbomates being MBrO* or M*O.Br*0*, 
Host of these salts are soluble in water, though less so than the bromides. They may 
ho prepared by the actiou of bromic acid on the oxides or carbonates of tho metals, or 
by precipitating bromate of barium with the corresponding sulphates ; the broraatea 
of the alkali-metals also by treating tho solutions of the alkalis with bromine-water or 
pentachloride of bromine, and ciystallising out the sparingly soluble bromate from the 
bromide or chloride formed at the same time : 

6KHO + Br« - KBrO* + 3H*0 + 6KBr , 

6KnO + Bra* - KBrO* + 3H*0 + 5KC1. 

Bromates are for the most part ciystallisahle, hut many of them decompose when their 
solutions are heated ; hence it is generally best to evaporate tho solutions in vacuo or 
over oil of vitriol. The bromates of mcrcurosum, silver, and lead are insoluble. 

Bromates heat^ to redness either nve off their oxygen and leave bromides (K, Ka, 
Hg, Ag), or they give off bromine and port of their oxygon, and leave oxides, e,g, : 

2ZnBrO» - Br* + O* + Zn«0. 

Mixed with chaxooaJ, snlphnr, or other combustible substances, they e»lode by heat 
oi* by percussion. Solid bromates heated with aulphurio acid, give off bromine and 
oxygen. A solution of a bromate is coloured red, even by dilute sulphuric acid. By 
culphuroua acid and other reducing agents, they are decomposed in the same mBtnsv 
•• Uie acid. A solution of a bromate, not too dilute, gives with Iwd-^alia, a white p*s- 
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m'ti nmurm stdis, i yellbvlA vbifa ppedpitst^iidK^^ ii 
msid; and ynd tUm-saltt, a white predpitatd amoBt^uMlutfy.h wOe^^ bpiwii^ 
eolnhle in nitric ncid, easily in ammonia. This precipitate is distinfaished Hoi 
chloride of silver by giving off red vapours of bromine when JieaM with^ sulphuric 
acid. The reactions with silveivsalts and with sulphuric acid distinguish btomat^ 
from chlorates (?. v.) 

Brohatb of ALUMimuH. — Obtained as a dear, viscid, deliquescent mass, by dissolv. 
ing hydrate of aluminium in bromic acid, or by precipitating bromate of potassium 
with silicofluoride of aluminium, and evaporating the filtrate over sulphuric acid. 

Bbomatb op Ammonium. NH^BrO*. — White needles or crystalline granules, appa- 
rently belonging to the regular system. It cannot be preserved in the solid stole, as 
it decomposes after a while, with violent detonation, even at ordinaiy temperature^ 
yielding nitrogen, bromine, oxygen, and water. Hydrochloric acid decomposes it, 
forming, however, but a small quantity of chloride of ammonium. 

Bbomatb op Babium. Ba"(BrO*)* + aq. — When bromine or chloride of bromine is 
added to baryta-water till the colour begins to be permanent, bromate of barium crystal- 
lises out, while bromide or chloride remains in solution. But a better mode of prepara- 
tion is to decompose 100 pts. bromate of potassium dissolved in boiling water, with 
74 pts. crystallised chlori^ or 78 pts. anhydrous acetate of barium, and leave the 
liquid to cool slowly; the bromate of barium then separates out, while chloride or 
acetate of potassium remains in solution. Acetate of barium is preferable to the 
chloride for this preparation, on account of the greater solubility of the acetate of 
potassium. 

Bromate of barium forms a crystalline powder or thin prisms of the monoclinic 
system, with the faces oop , ooP oo . ( ooP oo) . Poo . oP . + P oo. — oo P. Inclination of 
faces, ooP : ooP *=* 82® 10' ; (Poo) : (Poo) « 79® 6'; oP ; ooPoo = 93® 2'; oopoo : 
Poo s= 138®. The salt is isodimorphous with chlorate of barium (Paramelsberg, 
Pogg. Ann. xc. 16). It dissolves in 130 pts. of cold and 24 pts. boiling water. It 
does not give off its water of crystallisation till heated above 200® C. When thrown 
on red-hot coals, it detonates with a green li^ht. When heated alone, it is resolved, 
W’ith evolution of light and heat, into bromide of barium and oxygen gas, without 
forming a perbromate. Hydrochloric or moderately dilute sulphuric acid decomposes 
it with separation of chloride of bromine or free bromine ; very dilute sulphuric acid 
separates undecomposed bromic acid. 

Bbomatb of Bismuth. — When bromic acid is poured upon hydrate of bismuth, a 
basic insoluble salt is formed, together with a small quantity of dissolved salt. The 
basic salt, 3Bi‘^0*.2Br“0* + 6aq., is a white amorphous powder, 

Bbomatb of Cadmium. Cd"(BrO*)* + aq.— Khombic prisms of 127° and 63°, with 
four-sided summits and truncation of the acute lateral edges by two narrow faces. 
Soluble in 0'8 pts, cold water. Decomposed by heat, leaving oxide of cadmium mixed 
with bromide. 

Amnwnio-bromide of Cadmium, 6NH*.Cd"(BrO*)®, is deposited from an ammoniacal 
solution of bromide of cadmium evaporated over quick lime, os a white crystalline 
powder, which gives off ammonia wl^en heated, and is decomposed by water. 

Bbomatb op Calcium. Ca'YBrO*)® + aq. — ^Monoclinic tobies or noodle-shaped 
prisms; ooP : ooP in the clino-diagonal section =*79° 66'; <»P2 : ooP2 in the same^ 
118° 22' ; B : + P in the same = 98° 41' : ~ P : — P in the same = 116° 22' : 
(iP •):(*?«) in the same — 123° 33' (Bammelsberg). Dissolves at meantempe- 
ratnre in 1*1 pt. water, forming a syrupy solution. The crystals give off their water 
at 180° C. ; at a stronger heat, oxygen is given off and bromide of calcium r^naina. 

Bbomatb op Cebium. Ce"(BrO*)’ -I- aq. — Colourless laminse, which dissolve easily 
in water, and do not effloresce over sulphuric acid. 

Bbomatb of Chbomtum.— Chromic sulphate decomposed by bromate of barium 
yields a green filtrate, which decomposes by evaporation, giving off bromine and 
leaving a dark red residue, consisting ^most wholly of chromic acid. 

Bbomatb of Cobalt. Co"(BrO^)^ + 6aq. — ^Hyacinth-red, transparent octahedrons, 
soluble in 2*2 pts. water ; the solution is decomposed by heat The diy salt wh^ 
heated leaves a residue of oxide of cobalt. The salt dissolves in aqueous ammonia, 
forming a red liquid which turns brown in the air, and yields, after filtration, dark- 
brown crystals, probably consisting of the bromate of Premy^s fuscocobaltia, 

Bbomatb of Poffeb, Cu''(BrO*)* + 5aq., eiystaUises from a concentrated solution in 
light-blue or bltiB-green crystals, which are very soluble in water, do - not effloresce in 
the air, but enunble to a greenish-white powder in vacuo over sulphuric acid. They 
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with part of the bromine. The aqueous solution mix^ with a little ammonia 
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4N&.Ctt''(BrO*)*, Mpaxates m a daik-bloe 0 X 7 itoIUi»a 
t>owder on adding aloohol to a solution of oromate of copper in excess of ammonia. It 
dissolTCB in a ™aII qnant ity o f water, and is decompos^ by excess of wato, with 
eeparation of a basic salt. When heated it decomposes with deflagration. 

Bbomates of Inoir. — A solution of ferric hydrate in bromic acid yields by cTapora- 
tion over sulphuric acid a syrup, which, after drying over the water-bath, leaves a 
nearly pure basic salt, 5Fe*0».Br*0» + 80^., insoluble in water. 

A solution of ferrous carbonate in bromic acid yields by evaporation in vacuo octa- 
hedral crystals of neutral ferrous brornatet Fe"(BrO*)*, the solution of which easily 
decomposes, with separation of the basic ferric salt 

Bromatb of Lakthaitoh. La"(BrO*)* + 6aq.~-Amothyst-coloupod crystals (? con- 
taining didymium), which give off 20 per cent water at 1 60® 0. 

Bbomath op Lbai>. Pb''(BrO*)* + aq. — Obtained by precipitation, or better by dis- 
solving carbonate of lead in warm bromic acid ; it then cioystallisos on cooling in small 
shining prisms, isomorphous with the strontium salt. The (nystals are permanent in 
the air, and do not give off any water over sulphuric acid ; they dissolve in 76 pts. 
water at mean temperature. Tne salt begins to give off oxygen and bromine at 180^ O., 
a small quantity of brown peroxide of lead being formed at the same time, whereas at 
a stronger heat, red lead or the yellow protoxide is formed ; the residue contains prot- 
oxide with a small quantity of bromide. 

Bbomate of Lithium, LiBrO*, crystallises from a syrupy solution over sulphurio 
aoid, in needles, which oflloresce in a dry atmosphere, but deliquesce when exposed to 
the open air. 

Bbomatb op Macucesium. Mf^XBvO^y + 6aq.— Large regular octahedrons, which 
dissolve in 1*4 pts. water at 16® C.; melt in their water of crystallisation at a moderate 
heat, give off the greater part of it at 200o C. ; and the last portion at a somewhat 
higher temperature, oxygen being at the same time evolved. 

Bbomate op Manganese is formed by dissolving manganous oxide in bromic acid, 
but decomposes very quickly. 

Brohates of Mbrctjby.-— mercuric salt, B[g”(BrO*)* + 2aq.| is obteined by 
pouring bromic acid on recently precipitated mercuric oxide, as a white powder, which 
dissolves in 600 pts. of cold and 64 pts. boiling water. It dissolves also in execss of 
warm bromic acid, and crystallises in small prisms on cooling. Hydrochloric acid 
dissolves it with decomposition. At 130® — 140® C, it decoraposes with detonation, 
yielding a sublimate of mercurous and mercuric bromide, anefa residue of mercuric 
oxide; but giving off part of the bromino and oxygon as gas.^ Ammonia ^ded to 
the warm aqueous solution throws down a compound of mercuric bromate with oxido 
of dimercurammonium, Hg"n3rO*)®.(NH*Hg^')'‘*0, which does not yield any ammonia 
wlien treated with potash. It is decomposed by boat with violent detonation. 

^fercurous bromate, obtained us a white powder by precipitation, 

or by completely saturating bromic acid with mercurous oxido. From a rolution of the 
oxido in a slight excess of bromic acid, it separates by evaporation in 
laminae. Water decomposes it, forming a basic salt, (Hg*) 0.(Hg*) (BrO ) . It 
decomposes with detonation when heated. 

Bbomate of Nicebi.. 'Si'XBvO^Y + 6aq.~-Oroen regular octahedrons having their 
summits replaced by cube-faces. Thin plates cut parallel to the cube- faces act stroi^ly 
on polarise light (Marbach, Pogg. Ann. xciv. 412). Tho salt gives off water when 
heated. It dissolves in 3*6 pts. of cold water, also in ammonia, and on adding alcohol 
to the ammoniacal solution, a blue-green powder is 

bromate ofniekd, 2NH*.Nr(BrO«)*, or bromate of nickd-ammmmm ) (BrO*)*. 

Bromate of Pauj^biuh appears to be produced by dissolving palladous hydrate th 
bromic acid. _ , 

Bromate of PxAUHtna. — Platinic Hulphato decomposed by bromate ^of banum 
yields a yellow filtrate, which, when evaporated, gives off oxygen and bromine-vapour, 
and deposits platinic bromide. 

Bbomate of Potassium. KBrO». — Prepared by adding bromine to a warm, 
moderately concentrated solution of potash, till the liquid arouues a 
lowish tint; the salt then separates almost completely on ooohng, and may be 
from bromide of potassium hj washing with water, and 
colourless anhydrous crystals of spedfle gravity 3*271 (Kremers). ® ^ 

tion it crystiulisea in needles, but by slow coohng it is obtained in fimr- yia aiag 
sided plates, or in cubes with rounded summits; by spontyeoim^evamwation 
scales^ or sometimes in dendritic masses. According to Fntzsche, it always 



tlMMftom. lt'2Us8olv^''iix 
20« in 7-fi pts. at 40^, in , , , 
(Kremers, Pogg. Ann. xcii'|49l 
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lines in fflTinS' o^ tegidar. system ; i>nt, according to 
liedrous, having the angl^ of the tenninai edges Sd^lSV'anE in 

' (ts. water at 0® 0., in 18*d pts/at lO^^ in 

" at60^, :jn 2*9 pts. at 80^, and in 2 pts. -at 1(^ 
xcir.*256 ; xirm. 1 ; xpix. 28,^ 58). Accord^ to 
t^ohlf l pt of the salt dissolves in 17*5 pt8. yator at 17^0. The.t^stals depoSied 
a solntioD, eithm perfectly neutral or siightly acidulated with acetic acid, decre- 
pitate vdth violence at 300® — 350® C., and crumble "to a powder, which, if thrown 
into water, gives off bubbles of pure oxygen gas as it dissdives ; but the solution when 
evaporated yields nothing but pure bromate of potassium, probably reproduced by ab- 
sor^on of oxygen from the air. The crystals deposited from an alkaluiG solution 
decrmitate but slightly when heated, and the powder dissolves in water without pej>' 
eeptible evolution of gas. (Fritzsche, J. pr. Ch. xxiv. 285.) 

Promate of potassium is decomposed by strong sulphuric acid, with violent decre- 
pitation and evolution of bromine and oxygen. When heated per se, it melts at a tem- 
perature above 350® G., and then decomposes, with'evolutimi of oxygen, slpwly at first, 
but afterwards with explosive violence, beginning to glow at one point, and then 
quickly becoming incandescent through the entire mass. When mixed wi^ combus- 
tible bodies, it explodes with great violence when struck or heated* . , 

Bbomatu of Silveb. AgBrO^ — Obtained by precipitation as an amorphous jtrhite 
powder quickly turning grey when exposed to light. According to Bammelsbeig, it. 
mrms shining quadratic prisms (P : P in the terminal edges s= 121° 58*7, in the lateral 
edges = 86° 38), isomoiphous with chlorate of silver. When rapidly Seated, it ex- 
plodes with deflagration, giving off part of the bromine in the form of yellow vapour. 
It dissolves sparingly in water and in nitric acid, more easily in ammonia, the solution 
yielding by spontaneous evaporation, colourless prisms, which are quickly decomposed 
by water, and are very unstable even in the dry state. 


Bbomate of Strontium. Sr"(BrO*)= + aq. — Small shining rhomboi^l prisms, 
with truncated lateral edges, isomorplious with the barium-salt Katio^of axes » 

1 : 1' 1642 : 1*2292. Inclination of dino-diagonal to principal axis 89®. The 
crystals dissolve in 3 pts- of water at ordinary temperatures ; do no^^e weight over 
Bulphuris acid, become anhydrous at 120® 0., and at a higher temperature are quickly 
resolved into oxygen gas and bromide of strontium. ^ 

Bbovatbs of Tin. — Stannic hydrate unites slowly with bromic acid, and formsi‘ 
after diying over oil of vitriol, a vitreous mass, which loses 18 per cent in weight at 
180® C. Stannotis elder ide forms a white precipitate with bromate of potassium. 

Ubanio Bbomate. — A solution of urauic hydrate in bromic acid yields, by evapora- 
tion over oil of vitriol, a yellow uncrystiillisable syrup which decomposeS'^by^ evapora- 
tion, giving off bromine and leaving a basic salt. 

Bbomate op Yttbium. — Sparingly soluble in water; remains in the anhydrous state, 
when its solution is evaporated. 

BB 03 p.TE OP Zinc. Zn"(BrO*)* + 6aq. — Regular octahedrons modified* by cube- 
faces; isomorplious with the mngnesium-s^t It dissolves in 1 pt water at brdinary 
temperatures, is permanent in the air, melts in its water of ciystallii^tion at 100° 0., 
and becomes anhydrous at 200°, but undergoes decomposition at the, same time, 
giving off bromine-vapour and oxygen, and leaving pulverulent oxide of zinc* The 
salt is decomposed by a small quantity of ammonia, but dissolves completely in excess 
of ammonia, the solution yielding by evaporation over hydrate of ‘potas^um : ^ 

Ammonio-hromate of zinc bromate of zinc^ammonium, N*H*Zn'^(Br©*i* + 8aq.,ui 
small prismatic crystals, which when exposed to the air become moist and yellow, and 
smeU of free bromine. Water and alcohol decompose them with separation of hydrate 
of zina At a gentle heat, the salt decomposes with a loud hissing noise, and ^ 
bromine together with nitrogen gas and water. 


9XOMZO 8XXi*irS9t Native bromide of silver. (SeetSiLVEB.) 

!B90Bn]>S8« Compounds of bromine with electro-positive tudieles. Broiddne, 
like chlorine, is monatomic, I at of it being capable of uniting with 1 at. of hydr^>ai 
or otto monatomic radicle, 2 at of bromine with 1 at. of a diatomic radudsi ejg^ 
bromide of ethylene (0*H^yBr®, 3 at of bromine with 1 at of a triatoihic radida, F.y* 
bromide of glyceryl (C^H^y^Br*. Bromine is less powerfully electio-n^ative thOJi 
ddon&e I omisequently bromides are for the most part decomposed by chlorine, 

Hjdrobiwmto or SroinliydFle Atfia. HBr.-rf4" ; 

cminp^tind is giseons at ordinary temperatures, and is composed of equd nieasnres lOl : . 
hiniWe-;yapQur add Jri^drogen united without condensation. It is not readily . 

byJthe direct tMuon of its denmnts. A mixture of hydrqgen and bromirie-Tii|X>uii*dto^ ■ 
Boi unite when exposed to the sun's rays ; neither docs it explode when a red-W^ 



.. pi- 

T a bttfiiiBgt t»P« & -iirtjwtacrt into ft; but eombbation takas sbiee altofiy in tbs 
immeduto neit*bwh^ of toe hot body, and more Quickly when . the mixture of 
bromine and hydrogen w paped through a red*hot tuba or when a platinutn wiib im* 
mensed in it is kept red-hot by the electrJ^ current. 

Prejparetion. — 1. By the action of water on' tribromideiJof pbo^horus : 

PBi* + 3H»0> H«PO* + 3HBr. ^ 

A few grammes of bromine are introduced ipto the bend a of the apparatus (Jig, 1181 
and in the bend b are placed-some small pieces ^ 

of phosphorus^ moistened with water, and sepa- 
rated by pound^ glass. The bromipe at o is 
gently heated by a spirit-lamp, and the vapour 
paasing over to o forms bromide of phosphorus, 
which is immediately decomposed by the 
water, yielding phosphorous acid, which re- 
mains in the tube, and hydrobromic acid, 
which passes on through the delivery-tube c, 

and may be coUeoted over mercury.-^. By decompoaing bromide of sodium or DOtMl. 
sium \iith strong aulphunc acid : ^ 

2NaBr + H*SO^ » Na*SO* + 2HBr, 

The hydrotomie acid thus produced is, however, mixed with vapour of bromine and sul- 
phupous anhydride, produced in the manner represented by the equation : 

2NaBr + 2H*S0^ « 2Br + SO* + 2H*0 + Na*SO*; 

the bromine may be separated by agitation with mercury ; but the sulphurous auhvi* 
dnde IS not easily removed.— 3. The aqueous solution of the acid may be prepared by 
decompo^g a solution of bromide of barium with sulphuric acid diluted with an equA 
weight of water, and distilling the filtered liquid.— 4. Also by passimr sulphuretted 
hyJiogen into a mLiture of bromine and water : ^ mt -o r 


Fiff. 113. 



lOBr + 2H*S + 4H*0 - IdHBr + H^SO* + 8 

The liquid is mtpted to separate the precipitated sulphur, and the hydrohromic acid 
separate from the'Aulphuric acid by distillation. -6. By the action of bromine on 
fwcxampl^^ on aqueous ammonia, afld on many oiganic compounds, naph^alin^ 

Colourless gas having a very pungent odchir, which excites coughimr. 
and a strongly amd taste. Reddens litmus strongly, and excites itching and' inllam- 
ination when applied to the skin. Fumes in the air more strongly than hydrochloric 

acid. Specific gravity, by experiment, 2*71 (Ld wig) ; by calculation 55^ -40*5, 

compared with M^gen, or 40-5 x 0*0693 - 2*801 compared with air. Liquefies 
at -92 F. (--690 C.), and solidifies at-lOO® F, (-73oC.) (Faraday). It is 
rapidly ^d copiously absorbed by water, forming a strongly acid solution, which, when 
saturat^ has a denpiliy of 1*29, and fumes strongly in the air. This saturated solu- 
tion boils at a tem^ittture below 1 00® C., giving off the gas, and is thereby rendered 
weaker : a more dmite acid boils at a temperature above lOO®, and a very dilute acid 
becomes'strtjfiger by boiling. «* 

JDecomposjtions. — 1. The gas is not decomposed by heat alone. — 2. intro- 

duced into. It, even at ordinary temperatures, decomposes it completely, forming bro- 
mide of potassium, and leaving a volume of pure hydrogen equal t<^alf that of the 
original gas. Tin produces the same effect vmen aided by a gentle heat. This reac- 
iion determines the compsition of the acid ; for the weight of 1 voL of the gas (the 
Observed specific gravity) diminished by the weight of half a volume of hydrogen. 


2*71 - 


0*0693 

2 


- 2!68 » 


6*36 


Hence the gas is compsed of equal volumes of bromine and hydrogen, united without 
^ aqueous solution, is immediately deoompsed by 
^'hydroi^onc acid being formed and bromine separated, recognisaUe by its 
*^^».®** Hi® contrary, does not decompose hydrobromic acid. Hence 
j bromine for hydrogen is, under similar circumstancenL less (han that of 
and ^ iodine:— 4. The acid is also decomposed by esajp ’ 

h ighly oxidised bodies. The aqueous solution turns brown on exposaie to iaif " 

» worn sepuatioD of bromiiu^ which remains dissolved. acid «so sMMunite 

yqu.,1. . . . , _ • 



the hiomine; eepeeiallr <6h ib%Uqtd3L^ 

gD\^ ’^e mtco%drocuorio add. eu^AWIs ii 

jpbmom anbjdiidfy bromine and wd^ter : 

EWf + 2EBr ^-sS^s 

With bronUe acidi W^MB irater and five bromirw .v 

SBrO* + 5HBr - 3E^6 + BK 

5. With metallic protoxides, it forms ^ater and a bromide of the nidal: 
2HBr,+ Ag*0 =« 2AgBr + H®0. peroxides, a similar deconrnositioii ^hes^|i£ieer 
attended also with evolution of bromine: s,g* 2HBr + MnO *» MnB^ •#j'“SL*0 + Br. ^ 
Combinations, — Hydxobromic acid nnites directly with ammonm N!l^ forming 
hydrohromate of ammonia, NHMIBr, or iMromide of ammonium, NH^Br, ^Simila^ 
with the compound ammonias, methylamine, ethytamine, &;c., and with phosphoribt^ 
hydrogen. The aqueous solution dissolves certain metallic oxides, yiz, the al^is and 
earths, forming solutions, which iqay be supposed to contain l^djirobromates of 
those oxides. It unites with many hydrocarbons, e.g. with oil or turpentine, forming 
the compound 0*®H*".HBr. ^ 

8rofiiMea« Matallio. MBr. — Bromine unites directly wi^ most metals. Po. 
tfmsium, arsenic, antimony, and :tin unite with liquid bromine, producing vivid coia- ' 
bustion; bismuth, iron, and mercury combine with it at ordinary^ temperatures , 
without combustion ; but on the application of heat, combtistion takes . p]ac^# 0Ol4 
combines gradually with bromine at ordinary tempei^tures ; platinum does not. With 
many metals, the application of heat is necessary to induce combustion. Bromides are - 
also formed by the action of metals on hydrobromic acid gas (p. 672). Vapour of 
bromine passed over ignited potash, soda, baryta, or lime, forms a bromide'^pf the 
metal and eliminates the oxygen ; bromine decomposes oxide of silver, even at ordi- 
nary temperatures. Carbonates are also readily decomposed by it* 

Nearly all bromideft are soluble in water ; bromide of lead however dissolves very spar- 
ingly, and bromide of silver and mercurous bromide are- quite insoluble. The soluble 
bromides may all be produced by the action of hydrobromic acid on the corresponding 
oxides or i^bonates ; and on evaj^rating the solutions, .water is m'^ost casea guren 
off, the metallic bromide remaining. Some; of them, however, via^: tliQ«broipi^Wb'£ 
magnesium, aluminium, and the other earth*iQdetalB, are more or less decc^posed 
dunng the evax>oration of the solutions, giving off hydrobromic acid and leavi^ a 
mixtwe of bromide and oxide of thp metal. 

MetcdUc bromides are solid at ordinary temperatures; most of them fuse at a 
moderate heat, and volatilise at higher temperatures. They strpngly resemble the 
chlorides. The bromides of gold and platinum are decomposed by mere eiXposure to 
heat ; many others give up their bromine when heated in contact with the air. Chlo- 
rine, with the aid of heat, drives out the bromine and converts them into chlorides. 
Hydrochloric acid also decomposes them at a red heat, giving* off hydrobromic acid, 
Strong sulphuric or nitric acid decomposes them, with evolution of Bydrobronuc acid, 
which, if . the. Sulphuric or nitric acid is concentrated an4.m is partly^decom- 

posed, with ‘separation of bromine and formatien of sulphiim^jA^ydVide or nitric 
oxide (p. 672). Bromides heated with sulphuric amd andperom^ of m an ganese or . 
chromate of potassium, give off free bromine. If the bromide is the 

evolved bromine is completely decolorised by -ammonia; but if eblori^eis alsd^p^nt» 
eholorochromio acid distils over, together vdth the bromihe, and th|p 

forms a yellow liquid with ammonia. ^ . : 

Bromides in solution are easily decomposed by chk^e, either in ^ j|^s 

. OP dissolved in water, the liquid acquiring a ted or red^sh-yelloW colour, according to 
the quantity of bromine present ; and on a^tating the liquid with ether, that^iquid 
dissmves the bromine^ forniing a red solution, which rises to the surface* (l^eb Bitor 

UINB. • . . . - * ’ - 

Soluble bromides give with nitfystsyf silver, a white precipitate of bromide of ailvet, 
greatly resembling Sie chloride, but much less soluble in ammonia ; insoluble in hot 
nitric acid. Mercurous nitrate produces a yeUowish-white precipitate ; and acetate of 
lead, a white precipitate much less soluble in water than the chloride. Nitrate 
tadium produces m solutions of bromides not vContaining chlorine, a black preci^tate 
of bromide. Ohlmdde of palladium produces Ad precipitate; neither does the iiitrste!i 
U icduble cbl^^des are present. ^ v r 

V SimitdlMtipCPiVMle Radicles* Bromine unites with cmganic radifdes bothbesii^;'^^ 
acid, oompounds are formed in the same mannfw as the coixeroondicq^ 

^o^eri^ i&ey also .zesemb^ in meet of ibeir propeitieBy though are 

ItMs volatile. Vh^ooictaiii; in two vbhuncBJof vapour, onc^ two, or three voininatitf'.':-^^ 


at radidaiwliieli tl^ Is monos 

C*H»Br contain 1 toL bromino > 

.•„ *: teifylene (C*H«)"Br* „ 2 vol ,/ ' 

jT ^ a: ^%yi (c^ho'w » ^ s 

1, The bn^midsi^j^ th$ dj^M-^radiclcat ht/drobromit! or etkers^ am 

obtained by disfcilK% the oonm^hding alcohols with hydrobiomio acid or bxomide of 
phosphorus: 

V P*H»H.O + HBr* - C*H^r + HBr + PBijO . : 

AtcokoL Bromlile Oxybro- 

iV*P of ethyl. tnide of 

pholphorui. 


Distilled with allq^ they yield the corresponding alcohol and a bromide of the 
alkali-metal. *• 

2. The hromMeo of acid-radides are produced by the action of bromide of phoaphom 
on tho^corresppndmg acids, or by the action of chlorides of acid-radicles on certain 
metallic bromwbmi^*^* bromide of acetyl^ C*H*O.Br ; bromide of ewdnyU (C*H*0*)"Br^. 
Alkalis deoompom' them, with formation of a metallic bromiae, and a salt of the oor- 
vesponding orgazuc add, c.y. : 

(C^HW)"Br* + 2 KH :0 - C^H* 0 *K*. 0 » + KBr. 

^ ? Bromide of ' Succinate of 

• . lucetnyl. potoatiutn. 


3. 'The bffmideo of tddcKode^radicdes are monatomic bromides of the general fonn, 
OH*“— ^'9* bromide of vinyl^ C*H*Br. They are isomeric with the monobronu- 

nnted diatomic alcohol-radicles, c.y. with bromotrityleno, They are 

Tolatile liquids, obtaih!^^ by the action of alcoholie potash on the brnmides of the 
diatonun^cohol-radii^ : their properties and reactions are anai^goas to those of the 
oorrc^nding chlorid^ (g'. ^ 

4. Many othe^ organic ramcles, such as oil of turpentine, its isomers and homo- 

](^esi likewise unite with bromine andtldthi^hydrobromic acid, forming aeflnite com- 
pundsf'soirfetimes liqui^ 0 OmetitiE| 0 a »«ysi^^ e,g, bromide of cq;ptitcne, C*®Jl'*Br* ; 
nydi^omatb of turpentined, &e, 


BROMmilAlllTAiv Bee the nett article. 


BROlliEXSrb^Bit^il|iB» The name of a' doubtful compound, which ^Erdmann ob- 
tained, together and dibromisatin, by the action of bromine Qp indigo, 

It was resplyed by iutq bromindoptic (bromophenissic) acidt and a relate 

body, called’ by Erdihann brOmindamite, but doubtless identical with tribromo- 
|dienylamine, (Handw- d; Chem. 1“ Aufl. iv, 22.) 

BROMnniii .iS^mMBr. Atomic weight 80. — Tliis element was discorered iq. 
1826 by Balmrd, it from the mother-liquor of the salt-mareto of Mont« 

pellier. It oxi4bi|^iee-water ; in the water of many salt-spring, eroet^ly in that 
of Theodprshalt Prussia, ^whence a large portion of the-brofnine of ' 

comaim^% rbbtaaiied ; and, togc^or wi^ iodine^ in the ash of sca-weed {eoude de 
traro^ whence larger quantities are cjiracted; also in sponges and many marine 
animalsi < A^bmmide pf sUrer, it ia found native in Mexico ancbCfaili, and at Qnel^ 
^eth ift ; very sn^ quantities are found in Silesian tinc-bxe and in Eni^ish 

zpcloaalt. /; 

PreparatiSn , — 1, From the motherAiy^ of eea-water or edUne^^Mnge, After tiiesq 
waters have been freed by crystallisafion from the greater part of the cfalbr^ss and 
sulphates of so^um and potassium, tho remaining liquid contains bromine, chif% w 
the fqrm of bromide of magnesium. This liquid is mmed'in a retort with peroxioe of 
manganese and hydrocbl^m acid, and distilled. . ^hlorine is then evolred in the liqu^. 
and deconnoses the bromide of magneBinni^^fietting freo the bromine, which distil ^ 
over into &e receiver, in the form of a heavy daric-red b'quid, surmounted by an 
aqueous solution of brominei. — 2. From the mother-liguor of vaf^, Thu l^uid con* 
tains iodine and bromine, in the proportion of about 1 pt. bromiDe. td:$ iodine. The 
iodine is predpitated dther by piling chlorine gas into the Hquil, till a sample 
teJeen out gives no jn^^tate'dther with ^orine-water or mth iod^ of pbCnseiA ; 
or it is pred^tate^ae io^e and cuprous iodide, by adding cupric sulphate tolUS’ 
ii9uid: (aOnSQ^q. 4NaI-2Ka*SO« 4 Ca<P4> I*), The remaining l^uid is 
with ^pmxi^ ^tfiiuiigiMesa and strong (the 



BROMINE. 


«» 

first deteirmined by trial on a small qtumtify) and distilled^ Tba bromine paaset 

over as before, the decomposition being effects in the manner shown by the eqnatiou: 

r. Mg"BE» + MnO* + 2H*S0‘ - Bf* + Mfe"SO* + Mn'^SO* + 

The bromine wjij §)y||^ ecte at the bottom of the receiyer in either mode of preparation,* 
is separated iroiiMB|H|pebsatarated aqueous solution by means of a tap-funnel, and 
further pifftfled ^jj^K iyilation in contact with chloride of calcium. The aeneous 
, solutioir is ether ; the red ethereal solution of bromine which rises to 

- ' th6;:.top' 'ii^^8sted^||P>j<austic potash, till its colour dis^pciirs, wh^by bromide and 

brmmuie potasm|p«tte proauoed; the liquid is eva^rated to*fh 7 ness; and the 
reelf due is ignited crucible, to convert the bromate KBrO**, inro bromide KBr, 
The whole quantitayl||^btained is decomposed by distillation with peroxide of man- 
ganese and sulphms^lS^ whereby the remaining quantity of bromine is obtained in 
the free state. 

Commercial* brdoune is generally contaminated with chlorine, .dorived either from 
tlu|t which is imed to. separate it, or froia..the mother-liquor itself. It may be purified 
by saturating it wim hydrate of barluifi, whereby bromide, chloride, bromate, and 
hypochlorite of barium are formed ; evaporating and igniting to decompose the oxygen- 
salts ; and treating the residue with alcohol, which dissolves the bromide of b^om 
and leaves the ddoride. The pure bromide is then decomposed with sulphuric add 
and peroxide of manganese, as above. 

properties, — ^Bromine is, at ordinary temperatures, a liquid of a deep brown-red colour. 

has a peculiar irritating, disagreeable odour ; whence its name (fipw/uof), and a re- 
pulsive taste. It is highly pOisonpns ; a drop placed on the beak of a bird is sufficient 
to destroy life. Specific gravity 2 966 (B a lard); between 2-98 and 2*99 at 16® C. 
(Lowig) ; 3*1872 at 0° C. (Pierre). It is a non-conductor of electricity. At — 22® C. 
it solidifies, forming a hard, brittle, laminated mass, having a dark lead-grey colour, 
and semi-metaUic lustre; it retains the solid state for a long time, even at —12° C. 
It is very volatile ; a few drops thrown ,into a large flask speedily fill it jrith red 
vapours. It boilsat 63® C. (Pierre) ; at 58® (Andrews) ; at 46® (L6wig).’Wapoup- 
density 6*64 (Mitscherlich) ; by calculation, 80 compared with hydrogen; 6*64^ 
(« 80 X 0*6693), compared with air. . 

JBromine dissolves sparingly in water, more readily in alcohol, and in all 'proportions 
in ether. With water at 0® C. it forms a soKd hydrate, Br, 611*0, which is not decom- 
posed between 16® and 20®. 

Bromine resembles chlorine in many of its properties. It has a powerful affinity for 
hydrogen, though not quite so strong as that of chlorinfe, and hence it acts with energy 
upon many organic substances. It is a powerful bleaching agtet, and corrodes wood 
and cork, first turning them yellow. A small quantity of it iinparts a tranaimt yel- 
low colour to the skin ; a larger quantity stains it permanently yellow, then Srown, 
and a stiU larger quantity produces immediate corrosion and violent infiammation. It 

- eolours starch orange-yellow. It decomposes vapour of water when passed with it 

through a tube heated to bright redness, yielding hydrobromic acid and oxygen. A 
burning taper introduced into vapour of bromine, burns for an instant with a green 
light, and is then extinguished. > ‘ * 

Bromine decomposes phosphoretted hydrogen, sulphydric acid, hydriodic acid, and 
metallic iodides, but the resulting bromine-compound are decomposed by diloijne. ^ 

Bromine acts readily on many or^nic compounds, removing part of the hydrogen 
in the form of hydrobromic acid, while another portion of bromme takes the place of 
the hydrogen thus abstracted, 80 pts. bromine being always introduced for every 
1 pt. of hydrogen removed. In this manner, bromacetic acid, C*H*BrO0'and a con* 
aideiable number of other brominated compounds, are formed. 

Bromine unites with all the elementary bodies, and with many compound radicles; 
In all its compounds, except those with chlorine, fluorine, oxygen, and perhaps sub 
phur, it plays the part of the chlorous or electro-ne^tlve element. In this respect, 
it is intermediate between chlorine and iodine, expelling the latter from itocommsa- 
^tions with positive radicles, and being itself expelled by the former (see^BoumSi 
p. 672). We shall here dracribe only those compounds in which the bromine is • 
electro-positive, viz. the chlorine, fluorine, oxygen, and sulphur-compounds ; the pthen 
ore described under the several positive radides. 

MOMI Waj CH&OW1I& Ol*. Bromine absorbs a large quantity of cblariiie 
gas, foimingA radish-yellow, mobile liquid, v^ volatile, and givins off dark-yellpir» 
atrong^-smeUiiig^ and tear-exciting vapoury whidi exert a powerful bleaching action} 
and m which metyls bum quiddy to chloride and bromide. 

Whein ddorlda nf brcmiine is mixed with a small quantity of water, laid oodlad to 

C,| or when gpIMMui chloride of bromine is passed tiuongh a glass tube molitonsd 
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witb traiifcer, IiydrAted chloride of bromine is fbrmed, which cryiitallisee ioi 
needles or Ismuue, and melts at 7^C. to a light yellow liquid. It is decomposed by 
ammonia* forming nitrogen gas* chloride of nitrogen, and bromide of ammoniiuiin* 
-Chloride of bronSne dissolves with yellow colour in water. The spue solution is1ib- 
tained by dissolving bromine in saturated chlorine-water; it jis||||||^»ur and bleach- 
ing action of chloride of bromine ; decomposes in sunshinelMMfodrochlorie and 
bromic acids, and is decomposed in like manner by aqueous aUU|||Buding a chloB^ 
and a biomate of the alkali-metal. The aqueous solution eth^.^ 
which separates jU^.di88olvqf the bromine. (Handw. d. Ch€PM||P] . 

Free bromine is recognised by its odour, tbe deep-red colo]^Sr^ts vapbu^ and the ; 
orange-yellow c^tiT which it imparts to gelatinous sta^h. 4||Kal|| exists in aqueoim 
solution in too small quantity to be recognised immediately, itxtfa^||i^ separated by 
shaking up the liquid with ether, and proceeding as describe bebm 

Bromine in the state of hydrobromic acid or a soluble metallie bromide, is detected 
by the reactions already described (pp. 672, ^3). Small quantitme of bromine arelUMt 
e^ily recognised by cautiously adding chlonne-wator till the solution assumes ajrsd 
or yellow tint ; if too much chlorine be added, chloride of bromine VTill be fbrmed, 
which is colourless. On shaking the solution with ether, that liquid dissolves the 
bromine, and rises to the surface in the form of a red stratum. This may be separati;^ 
hy a pipette, or tap-fiinnel ; neutralised with potash, which decolorises it, conve;rtifi^' 
the bromine into bromide and bromate of potassium ; and evaporated^ to drynesf i* , 
a porcelain crucible. On igniting the residue, to convoit.it.ail into bromide, then jnti^' 
ducing it into a test-tube, and heating with sulphuric acid and peroxide of mangai|isil<», 
liromino is given off in red vapours, which, if led into a solution of starch, cmour it 
orange-yellow. 

The presence of chlorides does not interfere with this reaction ; if, however, the 
quantity of chlorine is very large compared with that of the bromine, as in saline 
waters^ is best to concentrate the solution till the greater part of the chlorides crys- 
tallise out, and search for bromine in tho mother-liquor. If iqdine is present, it must 
first be removed, either by precipitation with chloride of palladium, or by first adding 
just sufficifwt chlorine-water to precipitate the iodine, which is sure^ to be set free 
!j(»fore the bromine: in fact, bromine itself separates iodine from its compounds; 
but tho removal of tho iodine is absolutely necessaiy', as ^ its deep violet vapour 
would disguise the colour of the bromine, umess the quantity of the latter greatly 
predominated. 

The methods, of decomposing insoluble bromides will be ^ven fhrther oa| ^'likewise 
the methods of separating bromine from phosphorus, and other non -metallfo, elements. 
Bromates are reduced to bromides, either by ignition or by treatment with s^phurous 
or sulphydricj^d. 

2. Quantitative Estimation, — When bromine is present in a solution in tlto. 
form of a bromide, it may be precipitated by nitrate of silver, the precipitate pi 
bromide of silver being ignited in a porcelain crucible, with the same precautions M 
the chloride ^see Chlorinb). It contains 42*56 per cent, bromine. If the solution is 
alkaline^ it must be acidulated with nitric acid, added after the precipitation by 
nitrate of silver; if it were added before, a portion of the bromine might be set free 
and lost. 

Insoluble bromides, e, g, bromide of lead, and cuprous brom^e, may be deeompos^ 
by suspendiiig them in water, and passing sulphuretted hydrogen through the^ lumid. 
The metal>^ then converted into sulphide, while hydrobromic acid remains disrolved 
together with excess of sulphydric acid- This excess may be removed W ad^tion of 
ferric sulphate, which precipitates sulphttr, and in the filtered liquid the oropiine may 
be estimated, as above, by precipitation with nitrate of silver. Bromide of silyer may 
also be decomposed by fusion with carbonate of sodium, or, better, v^h a mixture of 
carbonate of sodium and 'carbonate of potassium in eqfoivalent proportion, in a porcelain 
crucible. * The silver is thereby reduced to the metallic state, and may be weighed 
after washing. The bromine is then estimated by loss. ^ 

Another method of decomposing bromide of silver, is to treat it with dilute sul- 
phuric acid and pure metallic zinc. The silver is then n^uced bythe nascent hyebogen, 
and the bromine passes into the solution as bromide of sine. The silver may then be 
Washed and weighed aa before. Thia method, however, is not quite (see 

Chlobxnb). — Mstcutoum bromide jauff be completely decomposed by a solution of pure 
caustic potpMh, a solution of bromide of potassium being formed fSrom whimi the 
bromine nu^|)6 precipitated by nibsite of silver with additmn of nitric acid. - 

Many oxi^romides which are inaolnble in water, are soluble in nitric a<^ Tito 
arid alumld be if heat is required, the materials must be placed in, a-naiv.. 

X X 3 
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having a glass stopper, and the heat kept as low as possible, otherwise bromine will 
escape. The bromine may then be thrown down as bromide of silver. 

Volatile bromidee^ WiUcti as the bromides of sulphur, pho^horus, arseni^ and anti- 
mony, are comfdetely decomposed by water, the bromine being conterted into hydro- 
bromic acid, from wmch it may be precipitated by nitrate of silver. 

Bromatea must be xednced to bromides by sulphurous or splphydrie add; the 
bromine may then be precipitated by silver-solution, after the excess of the reducing 
agent has been renioved by a ferric salt. Bromates may also be converted intobromideg 
by lotion. 

The quantity of bromine in a solution, is estimated by treating it with excess of 
ammonia, whereby it' is. completely convert^ into bromide of ammonium, with evo- 
lution of nitrogen. The diluted solution is then treated with nitrate of diver.. 

EetimaHon of Bromine in presence of Chlorine , — There is no known method of 
Meeting a complete separation of these elements, and when they occur together, their 
amounts must be estimated by an indirect method. This is effected by predpitating 
them both to^^hor by nitrate of silver; fusing and weighing the entire precipitate 
ul a porcelain crucible ; then remelting it ; taking out a convenient portion on the 
end of a glass rod ; cutting it when cold into small shavings ; introducing them in- 
to a bulb-tube; and igniting them, after weighing, in a current of dry chlorine. The 
whole of the bromine is then expelled, provided the stream of chlorine is kept up 
fd^ solhe time, and nothing but chloride of silver remains. This is weighed, and from 
dts weight, and that of the mixture of chloride and bromide before decomposition, the 
huSntitiek of chlorine and bromine mav be found. For the difference of the weights 
jsjdaarly the difference between the weight of the bromine expelled and that of 
thftiiSiorine which Has taken its place ; and for every 80 pts. of hromino expelled 
of chlorine havd come in : hence we have the equations : 


^ whence : 


Br - Cl = c? : 
80 


Br 


80 - 36-5 


Br 80^ 
Cl “ 35*6 

d «= 1-796 if 


that is to say : to find the quantity of bromine, mvXtiply the difference of the weights 
by 1-796. 

If the quantity of bromine is very small compared with the chlorine, this method 
does not give exact results. In that case, it is necessary to concentrate the brovnw^ 
that is, to increase the proportion of it in the precipitate subjected to the experiment. 
Now when a mixture containing a large quantity of soluble chloride with a small pro- 
portion of bromide, is treated with about one-sixth of the quantity of nitrate of silver 
required for complete precipitation, the whole of the bromine is precipitated, together 
with a portion of the chlorine. The liquid must be briskly agitated to cause the 
precipitate to settle down, but no heat must be applied. The precipitate is then to 
bo ignited, weighed, and decomposed in a stream of chlorine in the manner just de- 
scribed, The remainder of the chlorine, now free from bromine, is precipitated as 
chloride of silver in the usual way. Another method of concentrating the btomine in 
a mixture of chloride of sodium containing a Innall quantity of bromide, is to treat 
the dry mixture with very strong alcohol, which dissolves the whole of the bromide of 
sodium, but only a small portion of the c^ride. The filtered ^cohoiic solution is 
then evaporate^ the residue is dissolved in water, and the bromine and chlorine are 
precipitated by nitrate of silver and estimated as before. To estimate the quantity 
of bromine in sca-water or a brine-spring, the liquid must be evaporated to di^ess, a 
: weighed quantity of carbonate of sodium having been previously added to prevent the 
loss of bromine and chlorine which might arise from the decompositicni of the cMoridd 
and bromide of magnesium during the evaporation, and the diy residue treat^ with 
alcohol as above. 


Estimation of Bromine in presence of Iodine , — ^The iodine is precipitated by riiloride 
of palladium (or by the nitrate, if cMorides are present, p. 674), the excess of pel* 
ladium removed by sulphuretted hydrogen, the excess of this last reagent by nitric 
acid or a ferric salt, and the bromine then precipitated by nitrate sUyer. 

^Or other modes of estimation, see CHr.oKiira and Iodihx.) 

Field (Chenu Soc. Qu. J, x. 234) has shown that chloride of silver is oompletetj 
decompose ^ digestion with solution of bromide of potassium, the chlorine ana 
bromine changing ^aces ; and that both bromide and ddoride of sil^ are decompmed 
in like manner by iodide of potassium. Hence, if a soludon oontaiifing ddoaoM^ 
iodine, and bromine, be divided into three equal pai^ ; eadh portion ; 


nitrate of silver ; the first precipitate dried and weighed ; the 
-bromide of potassium, then dried and weighed ; and the third with i 
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Siam, tihen dried and ve^hed, the rdatiye onantirieB of the three elementa may be 
determined by an extension of the method of calcnlation aboye ffiven (see also p. 224). 

the weights of the three precipitates be w% and w ** ; also Mt the atomic weighto 
of chloride, bromide, and iodide of silver be o, b, and f respectively, and the unknown 
quantities of chloride, bromide, and iodide of silver, jr, y, and x; then we have the 
three equations : 

* + y + jr ■■ 10 
b 

“ 4* y 


• X 

c 

i 

— X 

c 


+ Jf ■■ I 




+ jr — 1 


The first and second give : x 


c(to — to*) 
b — o 


Substituting this value in the second and third, they become: 

. b(w — lo') - , 

y + , = tt _ Vl . f [-y] 


whence : 


t 

9 


iiUJ — to') r , 

+ [-5] 

Kq-P ) 

i - b 

and: sr ■» to — (« + y). jl . 

For the volumetric estimation of bromine, see ANALTSia, (p, 

the estimation of bromine in organic compounds, see AwALTSia 0&OAina(p. 24?^, 

3. Atomic Weight of Bromine, — The older determinatlbna of the atoxnicweittht 
of bromine were much too low. Salard estimated it at 76*8, 1/iebig at 7^*!^ BerseSus 
lit 78*2. Tiie most exact determinations are due to Marigna*o (Biblipth. univ. do 
Gon^ive, xlvi. 367), who found: 1. That 100 pis. pure silver dissolved m^hitric arid 
II nd precipitated by bromide of potassium, yielded, as a moan, 174*066 pts. bromide of 
silver; whence, the atomic weight of silver being 108, that of bromine is 4: ■> 74*066 x 

1 /tti 

lob silver required for precipitation, 110*36 pts. broxnido 

of potassium; whence if Ag » 108 and K ■» S9’l, we have 100 : 110*36 ■■ 108 !. 
39*1 + x; whence * « 80*09.— 3. That 100 pts. bromate of potassium give off bjr 
ignition, on the average, 29*723 pts. oxygen, whence Br** 79*97. The mean of all 
these results is veiy nearly Br » 80, which is the number now imiversaUy adopted. 

1 >uma8 arrived at the same result by igniting bromide of silver in chlorine gas, and 
determining the difference of weight thereby produced. 

SROmira, nirosioil or* Fluorine is readily absorbed by bromine, ^ The 
resulting compound, according to Loesen (Phil. Mag. Bee. 1844, p. 620) is liquid, 
easily soluble in water, and does not sensibly attack glass. It has been used as a 
means of accelerating the taking of photographic pictures by the electric light. (Oompt. 
rend, xxxiii. 601.) 

BROMiarB, ozrOBW-AOXBB or. The series of ozyMh-compounds of b^ 
mine is by no means so complete as that of chlorine. Ko anhymxius coQdo of bromino 
is known, and of the acids, only one has been obtained in the separate state and 
thoroughly examined, viz. Bromio acid, HBrO*, already describea (p. 669). AU 
attempts to prepare a perb rom ic acid, analogous to perchloric acid, HCIO*, have been 
unsuccessful; but the existence of hypobromous acid, HBrO, is rendered probable 
1)y many experinients, though neither the arid itself nor any of its salts, nave yet 
been obtainedrin definite form. 

When mercuric oxide is added to bromine-water, a sparingly soluble O||grbroniide Hi 
mercury is formed, together with a bleaching liqmd, which, by distillation in vacq^ 
yields a liquid supposed to be hyp<^>romou» coid (fialard). According to Gay-Lussac^ 
hgpobromous anhydride may be obtained in the gaseous state in the same manner as 
hypochlorous anhy^de. (See Ouixmixa, Oxidbs or.) 

When bromine is added to cold dilnte aqueous alkalis, a metallio bromide is formed* 
together with a venr small quantity of bromate, and a liquid, whieh does not smelly 
bromine, bleaches litmus and indigo and v^^etable colours in general, and ^ 
nitrogen in contact with On heating the liquid, no bromine is evrived, bi^ 

a bromate is fonned and (he blesriiing power is dei^rt^ed. These pb^raena are , 
precisely analogous to those which are exhibited when chloriimris duscuved in wd 
‘*’■ ’ “1001041000.. (See Btfobbomous Acin.) 



eSQ BROlpODOFORM— BBONZITE. 

BSOMzm, snurtea oiP. See SsLBimTx^ SBomza of. 

aaOMZini,. SXriiaBZBa oa.. When bromine is bixmght in contact with 
llowexa of sulphnr at ordinaiy temperatures, a dark brown, ftiming, oily liquid is formei^ 
having an odour like that of sulphide of chlorine. It is not idtered by cold water; 
but water at 10^ C. decoipposes it with slight explosion, forming sulphuric, hydro- 
bromic, and sulphydric acids. When it is distilled, the first third of the distillate 
appears to consist of Br®S®, while the liquid remaining in the retort is a mixture of 
this compound with another sulphide of bromine, an^ even when the distillation is 
complete^ there still remains a viscid liquid containing bromine. (H. Bose, Pogg. 
Ann. xxviii. 550.) 

aaonEXOXIoaoafliK. CHBr^I. — This compound is produced by treating iodo- 
form with bromine. It is a colourless liquid, which solidifies to a camphorated mass 
at 0^ O. ; melts at + 6° ; is very volatile ; has a penetrating odour and saccharine taste. 
It may be regarded as dibrominated iodide of methyl. (S^rullas, Ann. Ch. Phya 
[2] xxxiv. 225; xxxix. 97. — Bouchardat, X Pharm. xxiii. 10.) 

8M]«Z8il.TZO JacZB. See IsATio Acid. 

SROMZSATZZV. See Isatin. 

BBOUCXTIL I^ative bromide of silver, found in Mexico and in C3iili (See Sixvbb, 
Bbomidb of.) 

SROXaXTOWXO ACZB. See CiTBAconro Acm, Decompositions of. 

BBOMUra. Syn. with Atstonits. 

BBOnCO-COSCBO'lliroS or BBOncnrikTZSB CO]l8POinn>8. Compounds 
resulting from the substitution of bromine for hydrogen, chiefiy in organic bodies.' 
They are produced by the action of bromine or of bromide of phosphorus on alcohols, 
acids, hydro^bons, &c. Most of them are described under the several principal 
compounds, e.g, Bbomobbucine under Bbucinb, &c, 

. BBOSCOPOBMC. — Produced by the simultaneous action of bromine 

and caustic potash on wood-spirit, alcohol, or acetone ; also by the action of bromine 
on aqueous citric or malic acid; and by decomposing bromal with alkalis. It is a 
limpid liquid of specific gravity 2*13, having an agreeable odour and sacch^ne taste. 
It is less volatile -than chloroform, very little soluble in water, to which, however, it 
imparts its taste and odour; soluble in alcohol, ether, and essential oils. It dissolves 
small quantities of sulphur and phosphorus, and a large quantity of iodine. It burns 
with difficulty. When its vapour is passed through a red-hot tube, it is resolved into 
charcoal and bromine- vapour. Boiling potash-ley decomposes it more easily than 
chloroform, yielding formate and bromide of potassium. (Lowig, Ann. Ch. Pharm. 
iii. 295. — ^Dumas, Ann. Ch. Phys. [2] Ivi. 120.) 

BBOMCOFZCBZB. CBr^O*. — A product obtained by distilling picric acid with 
hypobromite of calcium (p, 923). 

aUtOMOSAJICZBB. Sec Salicylamidb. 

BBOMOTRZCOWXC BCXB.? See CiTBio AND CxTBACONiC Acins, Decompo- 

BBOMCOaLAX'OBBK* > sitions by bromine. 

BBOMVSa A genus of grasses. The ashes of Bromtia erectus and Bromus molUt 
have been analysed by Way and Oj^ston ^Journal of the Boyal Agr, Soc. [2] xii 
530). XOO pts. of Br. erectm (air-dried) yielded 69 6 per cent, water, and 2*1 ash; of 
Br. moUUy 76*6 per cent, water and 1*4 ash. 

^ 100 pts. id ash were found to contain : 

X«0 Na^O Ca**0 Mg»0 FeSQS sO» SIO« CO* F>0» KQ VsiCk 

Br, erectus • ♦ aO-3 — l(M S’O 0*96 5*6 38*6 0*5 7*6 10^6 1*4 

Br.melUf . .ItO*! 0*S 6 6 9*6 0*91 4*9 33*3 9*1 9*6 — 61 

BBOBBTBZTBi Kative btomide of silver. See SinviEEU 

BBOmak An alloy of copper and tin. See Cofpsb. 

BBOBZZTB. Schillerspar. IHcdlage fi^'-laniinaire . — mineral belon^ng to 
the augite family (p. 476). It is massive, udth^minar structure inclining to fibrous. 
Oolour varying from yellowish-brown to pin&beck-brown. Lustre from mother-of- 
|)earl to bright adamantine (pseudo-metallic). Harder than felspar. Spedfic gravity 
3*201 to 3*25. Like all the aomtes, it is a xnetasilicate, its general formula being 
M^SiO* or the M*0 denoting lime, magnesia, maiig|anoa8 oxide, and ferioM 

oxide in variable proportions, the magnesia, however, predominating. It is found .in 
lam masses in bras of serpentine. . 

Dclesse examined a mineral from the serpentine of Houx in the Vbms, wlucn 
resembled bronzite in its large amount of magnema (56*33 ; 1*50 ana 

Oi*0* ; 6*78 Fe"0 ; 81*03 Mg^'O ; 1*40 Ca^O; 2*11 loss by ignition); but differed fttm 
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it in posBasring the sama metallic lustre and mndibedlc-biovn oolcnr, and in bei^ 
less distinctly deavable, espedallv parallel to oP; specifle graTity 3*1^14 (Ann. Min. 
r4l xriii. 318). (For other analyses of bronsit^ see Gm. Handb. iii. 433, 404; 
b-arrett, SilL Ai:^ J. [2] xr. 333; Kjerulf, Bischofa Ldid). d..chem. n. phya. 
Oeolog. ii. 1495.) 

BX 003 KZT& JwiniU, Arkansite , — One of the forma of native titanic anhydride 
TiO^ which is trimorphous. The crystals belong to the trimetrie system, and generally 
exhibit very complicated combinations, among which we may assume, as the primary 
form, the pyramid P, in which the len^hs of the brachydiagonal, macrodiagonal, and 
principal axis, are to one another, as '0'5951 : 1 : 0‘556d. Angle of the terminal edges 
in the brachydiagonal section 135^ 46'; in the macrodiagonal section » 101^ 37' ; 
and of latem edges -■ 94® 44. The crystals exhibit, together with P, the faces 
00 1*00 and qoP 2, l&owise other pyramids and horizontal prisms ; and aro often 
reduced to the tahidar form by predominance of the faces oo P oo. Cleavage parallel* 
to ooPoo. Yellow, red, brown, or black, with adamantine or semi-metauic lustre. 
Transparent to opaque. Streak yellowish-white. Hardness » 5*5 to 6*0. Specific 
gravity » 3'85 to 4*22. Brittle. It is found at Oisans in Dauphin6, at Tremadoo in 
Wales, on the St. Gothard, in the VaJorsina and the Grisernthal in Switzerland, at 
Miask in the Ural, and at Magnet Cove in Arkansas. The crystals from the last- 
ineutioned lodllity, were at first regarded as a distinct species, called (K opp, 

lliindw. d. Chem. ii. [2] 621 ; Kiystallographie, p. 266.) 

BB088ZX1I- A variety of bitterspar from the Brossa valley in Piedmont and 
other localities, distinguished by a rather large amount of iron. A specimen from 
Tniversclla, analysed by Hirzel (Zeitsch. f, Phartn. 1850, p. 24), yielded 11 13 per 
cent, ferrous carbonate. 

BliOTOOiraTTXJL TZXrCTOBXA. or Morua tinctoria. ^ The ^lant whioli 

yields yellow-wood. (See Monos and Mobintannio Acid.) . * 

BROWM BBBBZSB. — The frmt of Bubua friuiticoatta. See Bxmufl. ‘ j 

BBtrcXSTB. Canimarine. Voniicine. — C”H**N*0* + 4H*0 (Pelletier and Oa^ 
veiitou (1819), Ann, Ch. Phya. [2] xii. 118; xxvi. 63. — Pelletier and Dumas, 
ibid. xxiv. 176. — Corriol, J. Pharm. xi. 496. — Liebig, Ann, Ch. Phya, [2] xlvli. 
172; Ann. Ch, Pharm. xxxi. 60. — ^Regnault, Ann. Ch. Phys. [2] Ixviii, 113), This 
vegetable alkaloid exists, together with strychnine, in nnx vomica (the seed of iSfrycA* 
noa nux vomietC)^ in the bean of St. Ignatius (the seed of Strychnoa Ignatii)^ in the 
wood of Strychnoa Colubrina, and in tieute, an extract prepared from the bark of 
the Strychnoa iituie^ and used by some of the natives of the East Indian Archi{>elago, 
for poisoning their arrows. It also exists in large quantity, and unaccon^anied by 
strychnine, in false angnstura bark, originally supposed to be the bark of Brucia an- 
iidysmterica, but now ascertained to belong to a species of strychnos, probably Stryoh* 
noa mix voniica, 

Preparation. — 1, From false angnstura bark . — The pulverised bark is treated with 
ether to remove fat^ matter, then digested in strong alcohol; the dry alcoholic ex- 
tract is dissolved in water ; the colouring matter precipitated by subacetote of le^ ; the 
excess of lead removed by sulphuretted hydrogen ; and the liquid, which contains the 
brucine in solution, is boiled with magnesia, again filtered and evaporated. The 
brucine is thus chained in the form of a granular mass, generally coloiped. To. 
purify this product, it is saturated with oxalic acid ; the oxalate of brucine is washed 
with absolute alcohol cooled to 0® 0. whidh dissolves the colouring nmtter, then 
redissolved in water, and decomposed by lime or magnesia ; and the brucine thus set 
free, is redissolved in alcohol and crystallised by slow evaporation (Pelletier and 
Oaventou). Th4nard (Trait4 de Ohimie, 6th ed. iv. 281), recommends as an 
economical mode of preparing brucine, to treat the bark with boiling water, add oxalic 
acid to the aqueous decoction, concentrate by evaporation, and purify the oxalate of 
brueme with cold alcohol, as above. ^ ^ ^ ' 

2, From the seeds of Strychnoa nux vomica^ — The mother-liquors obtamed in 
the preparation of stryehnine from these seeds (see SraTomfiNa), contain brucine, 
which may be obtamed from them by ooncentrating to the consistence of syrup, and 
slightly supersaturating with dilute sulphuric acid, fiie mixture, if left to itself fot 
a few days, dS]^its crystals of sulphate of brucine, which are to be preyed, redis- 
solved in l^ing water, and deoefiorised by animal charcoal. The brucine is then 
separated by ammonia. . ^ . • i. j 

Pfopertiea ,’ — ^Bradne crystallises by slow evaporation from its solution in hydrated 
alcohol, in oblique rhomboiidal prisms, often rather large, and sometimes agg^merated 
in heads like' muahrooma* iBf rapid crystallisation i^m;boiling water , ^ naersow 
Isnunated Tnanifs are olrfained, havmg the aspect of boric add. The crystals oemtain 
4 at. water ot ezystallisation ( « 16*46 per cent.) ; they emoresee quiduy pt cxy «ii> 
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tod melt in their cryetaUisation at a little ahote 100® C, disecdye ia 

860 pte. of col^ and 600 pts. of boiling water; they are yeiy solnble in alcohol, spatw 
ingly in essential oi^ insoluble in ether and in fiit' oils. The alcoholic solution tarns 
the plane df polarisation to the left; specifie rotatory power •*» —61® 27'. Adds 
diminish the rotatory power. 

Brucine is poisonous, and acts on the animal economy like* strychnine, but with 
much less energy. 

Decompositions, — 1. Strong nittio acid colours brucine deep red, forming a peculiar 
nitro^compound (cacotheline), and erolving nitrite of methyl, together with nitric 
oxide and carbonic anhydride, this last not being a direct product of the reaction, but 
resulting from the decomposition of oxalic acid preyiouslv formed. (Strecker. Ann. 
Ch. Pharm. xci. 76.) ^ 

0»H“N*0* + 6HNO» « + CH«.NO» -f C*H®0* + 2NO + 2H*0 

Cacotheline. Nitrite of Oxalic 

■ methyl. acid. 

The addition of protochloride of tin to the mixture changes the red colour to a fine 
violet. This, together with the red colour first produced, is quite characteristic of 
brucine, and serves to distinguish it from other alkaloids. -- 2. Strong stUphurio acid 

iiu^rts to brucine, first a rose, then a yellow, and then a yellowish-ffleen colour. 

3. brucine boiled with peroxide of lead and excess of sulphuric acid, forms a brown or 
red mass._ This cha^cter further distinguishes brucine from stiychnine, which, when 
treated with sulphuric acid and peroxide of lead, assumes a blue colour, changing 
through violet and red to yellow. — 4, Brucine distilled with sidphuric acid and per- 
oande of manganese^ gives off inflammable vapoims and a liquid (probably hydrate of 
methyl), which burns with a blue flame ; the same liquid is produced on treating 
brucine with mercuric oxide, or with sulphuric acid and chromate of potassium, car- 
bonic and formic acids being likewise evolved in the latter case. — 6. CMorine does 
not produce immediate turbidity in a solution of brucine, but colours it yellow, and 
afterwards red ; tliis last colour disappears after a while, the liquid at the same time 
depositing yellow uncrystallisable flakes. — 6. Bromine dissolved in alcohol, quickly 
attacks brucine, colouring it violet. With a weak solution of bromine and sulphate of 
bracine, a resinous matter is formed, together with bromobrtunne, — 7. Iodine forma 
with brucine two peculiar compounds. Iodide of ethyl converts it into kvdriodate 
of ethylhrucine, 

ComUnaiions.—The saxts op brucine have a bitter taste, and are for the most part 
crystamsable. Strong nitric acid colours them red. They are decomposed, not only 
by mineral alkalis, but aho by morphine and strychnine, which precipitate the 
brucine. When diluted with water and mixed with a slight excess of tartaric acid, 
they are not precipitated by acid carbonates of alkali-metaU. 

Acetate of Brucine is very soluble and uncrystallisablo. 
b Brucine. — Transparent rhombs. Decomposes suddenly when strongly 

Htorochlohate op Bbucinb,C»H*«N20^HC1,op Chloride of Brucium, C*»H*W0‘.C1 
(at 140® C.) A solution of brucine in dilute hydrochloric acid, yields the salt on cooling 
in ciystafliue tu fts, moderately soluble in water. The chloromercterate, C"H“N*0\HCI 
.IIg"Cl*, is obtained as a crystalline magma on mixing the alcoholic solutions of tliotwo 
component salts ; and if the mass be heated with a small quantity of alcohol and strong 
hydrochloric acid, the liquid on cooling deposits the double salt in long needles, which 
must be washed, first with a laige quantity of water, and then with strong alcohol. 

The chloroplatinate, 2(C**H**N*0*.HCl).PtCB, is obtained as a precipitate of a fine 
yellow colour, by mixing a solution of sulpnate of brucine with tetxachlonde of platinum. 

Htdb(»%rboctanatbs op Brucine. — ^Throeof these salts are known: a. 4C**H**N*0*. 
4HCy.Fe''Cy* + 2H*0. Precipitated on mixing a solution of ferrocyanide of potaseium 
with nitrate of brucine, in shining needles, sparingly soluble in cold, more soluble in hot 
water and alcohol ; ve:^ hymtKK^ic. '^^en heated to 100® C. or loiled with water, 
it decomposes, giving off hydcoqyanio acid, and depositing a blue precipitate, The 
alcoholic solutions of brucine gni^ hydroferrocymiio arid form a white amorphous pro* 
eipitate soluble in excess of brucine. It is nearly insoluble in wsier tos^^alco^lt 
has an acid reason, and is rapidly decomposed by heat. 7. A cold aciyi9E|P'brtteiBe 
forms with ftxru^anlde (red prussiate) of potassium, a deep jmlhmlBwiilirTir preci- 
pitate, which rappears to be more stable tha-n the salt, &c. (Brafides. Ch^ 
Pharm. 1x^266.) 

Htdrouxuatr of BnuctoB. — A solution of hmchie in warm, moderate concen- 
trated hydroflubrio arid, dejioBits, on cooling, small coIourlcM prisms, moderate^ arihble 
in water, sparingpiy in boiling alcohol, nearly insoluble in cold alcohol. Givat off S'94 
per cent water at 100^ C. ■ - 


BBl^nENK 



HTi>Bioiu.mi OP B*Donni; l 4 TnfTi»> ogYa^.giiiffl- 

nrisms * Bpanng^y Bolable in cold, more eolable in liot water ; dilsolTeB in sleolim moro 
wadil/ than in water. (KegnauU.) 

lonaTB ov Bbucdcb.— A solution of brucine in iodic acid, not in ezcei^ yields, by 
evaporation two salts, viz. an acid salt, which crystallises in hard, transparent, four^ 
sid^ prisms, and an opaque silky salt, which appears to contain an excess of bam. 

Iodides op Bbdcinb, «. (C**H*^*0*)M*. — Orange-ydlow precipitate, obtained by 
adding to a cold alcoholic solution of brucine, a quantity of tincture of iodine not snfflo 
cient to form the compound (Analysis 33*3 per cent iodine ; calc. 32*4 per cent) 

B. i^roduced by triturating brucine with excess of iodine, either in 

powder or in alcoholic tincture. Bi-own powder soluble in hot dcohol. Treated with 
a hot dilute acid, it gives off iodine aqjj| yields a salt of brucin^ With nitrate of 
silver it gives a precipitate of iodide of i^ver. Clave by analysis 36*13 per ee^ 0 ; 
3*69 H, and 45*66 I; calc. 36*8 0, 3 4 H, and 48*9 L (Pelletier, Ann. Oh. P]^ 
[2] xliii. 176.) ^ ^ 

Nitrate of Bbucinb. C®*H“N*0^.HN0* + 2aq, — A solution of brucine in dilute 
nitric acid yields this salt in colourless four-sidea prisma, bevelled at the summits. 
I.ess soluble in water than nitrate of strychnine. 

Oxalate op Beucine crystallises in long needles, especially when the acid is in 
excess. Sparingly soluble in absolute alcohol. 

I^erchlohatb op Brucine. — Small prisms, sparingly soluble in cold water, more 
solulile in hot water and in alcohol. Gives off 6*4 per cent water at 170® 0., and 
explodes at a higher, temperature. 

Periodate op Brucine ciystallises from an alcoholic solution by evaporation at 
30° or 40° C. in beautiful colourless needles, which are decomposed by heat with a 
blight noiso. Moderately soluble in water and alcohol; the solutionsturn brown when 
exposed to the air. (Bodeker, Ann. Ch. Pharm. Ixxi. 64. — Lihglois, Ann. Ch. 
I'liys. [3] xxxiv. 278.) 

JhtosPHATEs OP BRuenra. a. (C“H®•N®0^)*.H»PO^ or (0®»H»N»(^.H.PO^ (at 
1 00° C.)— . A solution of brucine in tribasic phosphoric acid yields the salt, when concen- 
trated, in large shortened prisms, having a faint yellowish colour, sparingly soluble in 
cold Witter, but dissolving in any proportion in hot water. Neutral to litmus paper. The 
crystals contain water, which they lose on exposui:*e to the air. ^ At 100® they Ihse in 
their water of crystaUisation to a resinous mass, from which it is diffic^t to expel the 
hist traces of water. — 0. Acid Salt. Obtained by using an excess of acid. Orywallises 
in large rectangular plates, very soluble and efftorcscent.— % Phosphate of JBructiut and 
Snda C-*H®'‘N?OhNaB[*PO* (at 100® C.) Obtained by digesting brucine with ordinaiy 
phosphate of sodium. Short opaque prisms, (Anderson, Phil. Mag. [Sjiutxiii. 163.) 

PicROToxATB OF Brucinb CTystallises from a boiling solution in white, silky, flexible 
noodles. 


Sulphate of Bbuoine. — The normal saltf (C**H**N®0*)*.H®SO*+7aq. is obtainM 
by saturating brucine with dilute sulphydric acid. Long needles, very soluble in 
water, sparingly in alcohol ; gives off its water at 130® C. An acid siuphatc is ob- 
tainoil by crystallising the normal salt with sulphuric acid, and removing the excess 
of acid by washing with ether.-- Double sulphates. On ad^g brucine to a soluUon of 
sulphate of copper or iron, part only of the metallic base is precipitated. 

SuLPHocYANATri OP Brucinb. C“H*^®OSHCyS.— Obtained by saturating m al<^ 
Ijolie solution of brucine with a moderately concentrated solution of sulphocyanic aeid. 
Colourless scales, anhydrous, soluble in water, infusible at 100® C. 

Tartrates of Bbucinb. «u Normal tartrates* f0*H“N*0*)*C^HH)* + 5^^. 
8aq. and 1 4 aq.— Obtained in limpid well-defined crystals by dissolving 2 at IpOiiie 
in a hot aqueous solution of 1 at tartanc acid. Very soluble in hot, spariimly in cold 
water.— a. The tdrtrate (dextro-rotatory) is deposited immediately in limpid larninm, , 


water.— a. The tt&iraU (dextro-rotatory) is deposited immediately in nmpia lamiiue, 
(iontaining 8^at. ^ater, 7t at. of which are given off at 100® 0., and the remamder at 
1 50® (in aU 13*22 per cent ; by calculation 18*18 per cent) CrystalUsed from 05 
cent alcohol, the same salt contains only 5J at water, or IX at w^r to 2 at of w 
salt, 6 ‘fniiifh HIT given off at 100® C., and the remainder at 150® (m all 10 per 
by caldOOmy peS cent) The antUartraU (lavo-rotatory) always cont^ 
whether^V^m^ed from water or from strong alcohol. It dflloresces 'cmiwy m sum* 
met ; gipes oflf46*66 per cent water at 100®, and 1 per cent more at 150® (in aU 21 
per cent 14 at.) . - 

A Acid 

•arUric add in amnlwn of atonu. ^ tarir^ nmaafflrtgr 

and complatefy, ii » gwuralae ciyatalUn. powdar. Jt b 

eiystallwcd &ma water V fiom alcohd. Begin, to dtieompou at alwat 20«<>a Tli# 





5 water (eala lS*f «>^ P^ aeiit) : gj^ ^ff 

13*3 par cent; (4Jat.)at 100°, the test at 150^«. .^^%$fso£able in hot* spaiiiifflT in ool^ 
water. EifLoresces easily in diy air. (Pas ^^^'w^ Phys. [3] xzmii. 472.) 

THi08Ui.FisATB, or HTFOsn^Hiis (d”fi**N*0^)®,H='S*0«-i- 6aq. (aiiw 

dried), is formed when a solution of brucine, mixed with alcohol and sulphide of 'am- 
monium, is exposed for some time to the aii^ It ^stoULses in prismatic needles, 
which dissolve in 106 pt8,^ <rf cold water, and give off 1 at. water when dried over oil 
of vitrioL (How, Ed. N. PhiU J. [new ser.] vol. xcviii). 


Sudstitution^derivatives of Brucine, ' * 

BnoaiOBBUcmn, — ^When a solution of bromine in dilute alcohol is 

added to an aqueous solution of sulphate of l^cine, a resinous substance immediately 
forms.: and if the addition of the bromine be continued till two-thirds of the brueino 
is converted into this substance, the decanted solution then precipitated by ammonia, 
the precipitate dissolved in very weak alcohol, and boiling water containing a little 
alcohol poured by small portions into the liquid, and afterwards ,a little pure water, 
also boiling, a slight turbidity soon appears ; and on leaving the solution to cool, 
bromobrucine is deposited in small needles, having a slight brown colour. It gave by 
analysis 17*6 per cent, bromine (calc. 16*9 per cent.) It is not coloured red by strong 
nitric acid. (Laurent, Ann. Ch. Phys. [3J xxiv. 314.) 

ETKYLBRuciyn. C**H®*(C*II*)N®0^ — ^The hydriodate of this base is obtained by 
treating a cooled alcoholic solution of brucine with excess of iodide of ethyl, In crystals 
containing 2[C=^H^\C®H*)N®0*.HI] + aq. insoluble in water, but readily soluble in 
hot alcohol. Potash does not separate the base from this salt ; but on treating the 
solution with recently precipitated oxide of silver, ethylbrucine [? hydrate of cthyl- 
brucium, C**H“(C®H*)N^O^.H.O, analogous to hydrate of ammonium! is obtained. 
This base dissolves readily in water, alcohol, and ether, but cannot be obtained in the 
solid state. The solution has a strong alkaline reaction, precipitates ferric oxide, zinc- 
oxide, and alumina, redissolving the two latter in excess. It decomposes ammonia- 
salts, and absorbs carbonic acid from the air. With nitric acid, it gives the same red 
colour as brucine. It neutralises acids completely. The nitrate and hydrochlorate 
ciystallise, their solutions however becoming coloured during evaporation. The hydro- 
chlorate forms with tetrachloride of platinum a crystalline double salt, containing 
2(C«H«(C®H*)N*O^HCl).PtGP. (dunning, J. pr. Chem. Ixvii. 46.) 

BAVeXTSs JSfemalite, Lancasterite. Native Maynesia, — ^MgHO, the magnesium 
being sometimes partly replaced by iron. CrystaDises in rhombohedral forms. Primary 
form R as 82° 16', generally forming the combinations oR . oo R. Cleavage very easy 
parallel to the base. It is usually foliated or massive; also fibrous, the fibres being 
separable and elastic. Hardness » 1*6. Specific gravi^ 2*36 (Harding or). White 
inclining to grey, blue or green, with pearly lustre. Streak white. Transparent in 
various degrees, sometimes translucent on the edges only. Sectile, Flexible in tliin 
laminae. Gives off water when heated, but docs not fuse. Dissolves in acids without 
efflorescence. It accompanies other magnesian minerals in serpentine, in XJnst, one 
of the Shetland islee, where it is sometimes found in regular crystals; at Pyschminsk 
in the Ural ; at Goi^'at in France ; at Hoboken New Jersey ; and in the State of New 
York. (Dana, ii. 133.) 

The name Brucite is also used as a syuonyme of Chokuboditb (^. v.) 

BBUirOUC AOXB. A substance obtained by Bunge from coal-tar naphtha 
(Pogg. Ann. xxi. 66, 316 ; xxxii. 308). When the alkaline liquid obtained by treat- 
ing coal-tar naphtha with milk of lime, is mixed with an acid, a mixture of phenic or 
carbolic acid, rosolic acid and bninolic acid separetes out; and on distilling .this 
mixture with water, the phenic acid passes t>ver, leavi^ a residue, 

containing rosolic and bnmolic acid. When this mixture is dissol^ed|v«"small 
tity of alcohol, and milk of lime added, a rose-coloured solution is fd ^ ii|i( ,* » eo ntammg 
rosolate of calcium, while brunolate of calcium separates as a browu*p4jplpitate, which 
when decomposed by hydrochloric acid, yields bnmolic acid in brown flhkea. It ^p* 
PiBffs to com Dine with bases, but neither the acid itself nor any of its salts have yet 
obtained in a definite state, 

^^mmrawXCBL-OBSBXr. A green pigment consistiiig of oxydilostdeiff eopp^f 
iCu*Cl*0* •» Cu"Cl®.8Cu''0, prepared by moisteniog copper turnings with hydvoeluonc 
acid or soluliioa flftial-aminoniac, and leaving them in contact with the air. The oa^* 
chloride then fccHS on the surface, and is washed off with water, and dried at a gentle 
heat XSeeCopsinO - 

MKWQimMm One of the constlta^ts of the resin of (p, 864), 

BBTOMCB*.' j|Rie faittef ptincii^e <k the root of the red-t>6nV%iyony 
dwica). It may obtained bytMsituig the root with boilui|| prteipitatiiig tte 

filter^ Uquid with subacetaSs ^ leadf cksm^posl^ the precipitiite with i^phsiettea 



mass, sometimes red or bro^ 
Soluble in water and alcohol, 
a blue liquid, which 



imd, atfd eachsliistmff the realdiiil^ i 
‘ pdi* PhanaL iii. 856), It is a ^ 

^as^tish at jtet, then sfyptio i 
^ Sulphuric acid dissolyes it, %)tsiuhg 

w*viw — , w . altered by alkalis. The aqueous 

Elution fima white precipitotea udth nitpate of silrer, mercurous nitrate, and subaceUte 
of lead Bryonin acts as a drastic pui^tiye^ and in large doses is poisonous. (G-erb, 

to Walz (Chem. Oentralb. 1869, p. 6\ the f^Ttoholio extract of bryony 
root contains two bitter substances, bryonin and bryonitin, which may be aepa- 
rated by treating the aqueous infusion of the alcoholic extract with subacctateof lead, 
wliioh precipitates the greater part of the bryonitin, leaving bryonin in solution. 
i/rvon/«,when freed from adhering resin by treatment with absolute ether, is a white 
or slightly coloured granular substance, transparent in thin layers, and according^ to 
Walz, contains C**H"0‘* ; but the simpler formula, C*H*0®, agrees well enough with 
the results of the aniJyaia It appears to be a glucoside, and is resolyed by boilug 
with dilute sulphuric acid, into glucose, and two amorphous bodies, vis, bryoretin, 
soluble in ether, and hydrobryoretiq, insoluble in emer, but soluble in alcohol: 

Bryonin. Bryoretin. Hydro- Qlucoio. 

bryoretin. 


Brifonitin forms a white crystalline mass, soluble in water and ether, insoluble in 
alcohol. Walz regards the bryonin of Brandes and Fimhaber as an impure substance. 

BXYOBBTZir. See the last article. 

BVBtlXZir (from 6o6r, ox). The name of a peculiar substance, said by Morin 
to exist in cow-dung, and to oe copiously precipitated by metallic salts, tincture of 
galls, and alum, and therefore to be active in the application of cow-dung to caJieo- 
priiitiug. 

BVCBOBZXTB- a silicate of alumimum, varying in composition between 
Al*U*.SiO* and 2Al*0».3Si0*, and probably nothing but hbrous disthene mixed with 
quartz. (See Bisthunu and Stlliuanitb.) 

BVCX&BLlTBXTB. See Epidotb. 

BVCKTBORir. See Khamnus. 

BUrCKWRBAX. JPotyaonum fagopvrumy and P. tartaricum.<^A plant indigenous 
in Asia, but much cultirated in the North of jBurope, where the flour is used for food. 
Tlio dry plant yields on the average, 43 per cent, by weight of grain, and 67 straw. 

The seed of buckwheat contains on the average : 
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Starch, &c. . • 
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Woody fibre, &c. • 
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Ash • . . • 



2*2 

2-6 

Water , , . 



. . 14*2 



Pierre (Compt. renA zlvi. 203) found in 100 pts. of buckwheat-seed, 2*1 pts. 
nitrogen, 0*6 phosphoric anhydride, and 3*2 fat ; in 100 pts. of commercial buckwheat 
flour : 1*3 pts. nitrogen; in 100 pts, of the coarse yellow flour: 6*6 nitrogeD, 2*4 
phoric anhydride, and 7*2 fat; in the bran, 2*4 nitrogen, 1*2 phosphoric anhydride, 
and 4*8 fat. Mulder found in 100 pts. of buckwheat flour 7*6 pts. sitrogenous oo&« 
stituents, and the same in the bran. 


Comp69itum of the A$h of the Grain and Straw of Buckwheat. 
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Cihurin^ Matiers of Buckwke^U. — Thm 
first observed hj Nachtigall (Jahresber. t 


* 7§llow Colo 
Ohem. 1849, p, 71^, further 


1&5SS:' 


^ y, « ■‘•’"If tUTMer BTliTIlinaj^ 

• Schunck (Chem.Gf'aiZt 1858* Jan. 18; Jahi^sber. 1857* p>. 489). Accor din g te Bchuni.^ 

jt 9 eomposithn mar he most ffimpljr exj^ejl by the formula, wd it W 

hably identical with rufin (g. P.), and with Moldenbaaer^a ItciystalUm 

in yellow needles, dissolves sparingly in cold water, more readily in boiling w&ter 
more stiff in alcohol Alkalis dissolve it, formings deep jrellow solution, Iwm which 
it is precipitated by acids; if, however, the Bolntion be exposed to the air, the coiour- 
ing matter is transformed into an araoiphoiis substance, easilj soluble in water, and no 
longel^recipitable by acids. Hydrochloric and sulphuric acids change the yellow 
colour of the ciystallino substance to deep orange ; but water restores it. Dilute sul- 
phuric acid does not decompose it, oven at boiling heat; nitric acid converts it into 
oxalic acid. With oxide of lead, it forms a bright yellow compound, like chromate of 
lead, and communicates a bright yellow colour to cotton stuffs mordanted with acetate 
of alumina. The presence of foreign matters in the crude extract of buckwheat strew, 
renders the colour somewhat impure. According to Nachtigal, 6 pts. of buckwheat 
straw contain as much colouring matter as 1 pt. of quercitron. According to Schunck, 

1 000 pts. of the fresh leaves contain rather more than 1 pt. of pure colouring matter. 

Buckwheat straw has been safd to yield indigo hy fermentation ; a statement which, 
however, is not confirmed hy the observation of .Schunclc (Handw. d. Chem. 2‘* Aufl. 
ii. [2] 661, Ure*s Dictionary of Arts, Manufactures, and Mines, ii. 467.) 

BVOmVMAill'Oik BBSXXar. A fossil resin, occurring in an auriferous alluvium 
nearBucurumanga in New Granada. It is light yellow, transparent, somewhat heavier 
than water; becomes strongly electric by friction; is insoluble in alcohol; swells up in 
ether and becomes opaque. It melts when heated, and burns in the air without 
residue. It resembles amber in outward appearance, but does not yield succinic acid 
by dry distillation. It contains 82*7 per cent, carbon, 10*8 hydrogen, and 6'6 oxygen. 
(Boussingault, Ann. Ch. Phys, [3] vi. 507*) 

atTBMmr. A substance obtained by Buchner from the bark of Buena hexandra. 


BITBIUBTOBB. A cellular flinty quartz rock. 

BVBBLU BBAVSB. The leaves of Diosma crenaia, a rutaceous plant growing 
at the Cape of Good Hope. Gassincourt (Buchn. Expert. Pharm. xxvi. 328) found in 
1000 pts. of them, besides gum, resin, &c., 6-6 pts. of a volatile oil, having a gold-yellow 
colour, a sharp irritating taste and odour, lighter than water, and somewhat soluble 
therein. Brandes (Arch. d. N. Apoth. Ver. xxii. 220) found malic and oxalic acids 
in the leaves, besides albumin, gum, resins, &c. ; and in 1000 pts. 88 pte. volatile oil, 
and 40 pts. of a yellowish-brown bitter substance, soluble in water, which he called dios- 
min, Landerer (Buchneifs Rupert. Ixxxiv. 63) found in the alcoholic tincture of 
bukkii leaves, a crystalline bitter deposit, which, however, w*as insoluble in water. 

BVBikTlTB. A hydrated carbonate of zinc, copper, and calcium, occumng in 
▼erdigris-green, radiated, acicular crystals, or plumgse aggregations, of specific gravity 
3*32, at Ohessy and Frammont in Prance, and at Volterra and Temperino in Tuscany 
(Delesse, Ann. Ch. Phys. [3] xyiii. 478). It is very variable in composition, and is 
probably a mixture of several minerals. 

BVBBTTB. See ANatTSis, VoLUMBTBio (p. 256), a 

r BUBBimBT BITCH or BBSXH, Poix ds Bouryogne, Fix alba, Poix blaneke, 
is the white pitch obtained from pine-wood. The resin of ' Finns pieea purified by 
repeated boiling with water, is also called Burgundy pitch, (See Pma-^senrs and 
P£pck.) 

BBBBBBB BtniBMIBBBA* Gommiart, — ^A . terebinthaeeous tree growing in 
ibj^ Antillea. It yields a dry white resin having a t^stalline fracture, and an odour 
of turpentine, also like that of elemi. It is but slightly fusible, but dififVises itself 
iliiKmgh boUing water in small tenacious granules. The resin distilled wii^ water 
yields ,47 per cent, of a eoloured volatUe oil ( Gommart-oU, Essence ds gommwrf), 
wkich, when purified by standing in contact with potash, then with potassium, ^d 
rsotifieation, nas sam^ odour, composition, and vapour-denBi^ as oil of tn^nttn^ 
and forms with kvdiochloric acid, two compounds, one of whicdi is ctyrtaUiiW Mid eoa* 
•i^ of 0^B[**.29ph (H,,D«ville* Ann. Ch, Phys. [3] xxvii. 90.) 
mraiTAmvil* Native aiUoste of nmnganese. See ftHoncnnflu \ 
alimu Binife Bsngai K%no —The juice ciBuiea/^dossi^BxadXf often sent 
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1 37), though not pure, hy pertial]|rjN^P|t«dbg an eleoholio eolu^^lij m 
Lcidaof batter uith acetate of magii||^iK4^thu acid then forming tMjeaa aolam^^o^ 
ooand. Heintz is of j^inioii l^t lit the tire state it would haTt tSe compooitimi of 
irachidic acid (Seep, 853.) *~^**“ / 


noTTWau The fatter non-azotised constituent of milk. It is suspended in the milk 
[n minute globules, and xisM to the 8urface»wheii the milk is left at rest, in the fote of 
;ream, together with a certain quantity of casein and the other constituents of tl>6 Tr>ilv^ 
Butter is obtained from cream by agitation or churning^ which causes the fuf^^obulea 
to unite in larger inassos and separate completely iroin the watery liqoicV 0iUle4 
buiter^milk. Butter tlms obtained and in the state in which it is commonly used, ooi^sts 
of i pure fat or real butter and J of butter-milk, from which it may be scpara^d by 
melting it in a tall vessel at about 60® C., decanting the clear fat which floatiwt the 
top, and washing with water at 40® C, Ordinary butter fi'om cow’s milk, is 
posed, according to Chevreul, of stearin, margarin, and olein, with small quantities of 
butyrin, ^proin, and caprin, to which its odour is due. According to Heintz, it con- 
tains olein, a hmgo quantity of paJmitin, and a small quantity of stearin, together 
with very small quantities of glycerides, yielding by saponification myristic acid and 
butic aoidy {vid. sup,) 

Butter dissolves in 28 pts. of boiling alcohol of specific gravity 0*82, It is veiy 
apt to turn rancid, a change which consists in the separation of the fatty acids from 
the glycerin, and may be prevented to a certain' extent by salting or by melting it, so 
as to separate the foreign matters which induce the decomposition. ’ 

“At Constantinople, the butter brought from the Crimea and the Kirban, is kept 
sweet by melting it while fresh over a very slow fire, and removing the scum as it 
rises. By melting butter in this manner, and then salting it, it may he kept good 
and fine-tasted for two years ; moreover, this melting, if carefully done, injures neither 
the taste nor colour, Thdnard too recommends the same method. He directs the 


t he melting to be done on a water-bath, or at a heat not exceeding 140® ; and 

to be continued till all the caseous matter has subsided to the bottom, and the butter 
is transparent. It is then to be decanted, or strained through a cloth, and cooled iir> 
a mixture of pounded ice and suit, or at least in cold spring water, othewise it will 
b^me lumpy by ciystallising, and likewise not resist the action of the air so we^ 
Kept in a close vessel, and in a cool place, it will thus remain six months or more, 
nearly as good as at first, particularly after the top is taken off. If beaten up with 
one-sixth of its weight of the cheesy matter when used, it will in some degree rcsembld . 
fresh butter in appearance. The taste of rancid butter, he adds, may be much cor- 
rected by melting and cooling in this manner. 

“ Another mode of curing butter, is as follows : Take pne part of sugar, one of nitre; 
and two of the best Spanish great salt, and rub them together into a fine powder* 
This composition is to be mixed thorouglily with the butter, as soon as it is com- 
pletely freed from the milk, in the proportion of one ounce to sixteen ; and the butter 
thus prepared is to be pressed tight into the vessel prepared for so as to leave nO 
vacuiti^. This butter does not taste well, till it lias stood at least a fortnight : it then 
has a rich marrow flavour, that no butter ever acquires ; and with proper care may be 
kept for years in this climate, or carried to the East Indies, if packed so M not to melt* 

** At Kebba, in the interior of Africa, Mungo Park informs us, there is a tree much 
resembling the American oak, producing a nut in appearance somewhat like an olive*' 
Tile kemd of thip nut, by boiling in water, affords a kind of butter, which is whiterj 
firmer, and of a ncher flavour than any he ever tasted made from cows* milk, and will 
keep without salt the whole year. The natives call it shea tovlou^ or tree'bntt^ 
^rge quantitiee of it are made every season.*' ^ ^ 

Batter is often largely adulterated with water and salt, which are introdneed whifi 
w butter is m the melted state and incorporated by stirring till the whole is cold. 
The proportion of water may be determine very nearly by melting a portion of tho 
batter in a narrow glass vessel, such as a eoramon ounce phial, and leawg it. to stand 
wj a warm place till the water settles to the bottom. ^Tbe miantit^ of the water should 
^exceed 1 per cent The amount of salit is detenmhecllj caleination, ouanti^ 
^ond 5 per cent may be regarded as adulteratton, Butt^ is also frequentijr adnl- 
terated with lard, in places where that kind of fiat is cheap, (For the preparation of 
butter, see Urds JHdionarv of Arts. Manufactures^ and Mines^ also Muspratfs Che*, 
i 897.) -V 


wnrnm OV iUVmiiMnrt nar, Old names frr anhydrous metsllid 
chlondes having a butteiy c^^ ^ 



fiUTtlll 


LCEtiG ACm. 


anmri* and dartTatiTM/^^>i« 


BirxnEidLcnrxo acxb. CHH*0* — (C^H*0)’'.H*.0» (A, 

W ar tz» Ann. Oh. Fharm. cvfii; 197.)^— ^9^macid haa hitherto been obtained only by the 
oxidation of amyl*glYCol (p. 20S).;; Iiiat n might doubtless be produced also by the 
Oxidation of butyl-glycol, as w6ll as by other processes. It is prepared byvgetctly 


Oxidation of butyl-glycol, as wall as by other processes. It is prepared byvgetctly 
heating 14 pts. of amyl* glycol with 30 pte. nitnc acid (HNO*) and 42 pts. water, and 
eyaporating over quick lime ; it ^eii^mains in the form of a a 3 rrupy liquid. 

Hutylactic acid bears to batyrio’acid the same relation that lactic acid bears to pro* 
pionic acid, and in consequence of 4his relation, it is regarded as dibasic (see Xiactic 
Amn), although all the salts yet obtained from it contain but one atom of metal in 
place of hydrogen. The harium-BcUtt Ba*(C*H’0*)*, is uncrystallisable, dissolves in all 

_ * Insoluble in al 

alcohol ; ether precipitates it from the alcoholic solution. The calcium»salt, Ca''(C^H'0*)* 
(dried at 120® C.), separates from the ^ueous solution by spontaneous evaporation in 
warty crystals, which dissolve readily in water and in absolute alcohol, but are in- 
soluble in ether. The Zn^XC‘'H'0*)*-l- 2aq., crystallises in shining lami ns, 

which dissolve in 160 pts. of water at 15° G., but are insoluble in absolute alcohol. The 
crystals are permanent in the air, but give off 11 per cent. (2 at.) water at 100° C. 
aVTTBJBLCBVlC BOX2>« Paevdo-acetic Acid. or — ^An 


acid first obtained by Ndllner in 1841 (Ann. Ch. Pharra. xxxviiL 229), as a product 
of the fermentation of a mother-liquor from the preparation of tartaric acid containing 
a considerable quantity of tartrate of calcium, or by converting crude tartar into im- 
pure tartrate of calcium, and fermenting the product. Ndllner designated this acid 
^aeudo-acetic acid^ from its resemblance to acetic acid. Berzelius regarded it as a 
mixture of acetic and butyric acids. Nick Ids, however (Compt.. rend. xxxiiL 419), 
showed that, although this acid is easily resolved into acetic and butyric acids, it is, 
nevertheless a distinct acid, and gave it the name butyracetic acid. Dumas, 
Malaguti, and Leblanc (Compt. rend. xxv. 781), showed that it is identical in 
composition and boiling point witli propionic acid, which it also resembles in its other 
physical properties, and moreover stated that its salts are identical with the pro- 
pionates in composition and crystalline form. Nickids, on the other hand, maintained 
that the salts differ in certain respects from the corresponding propionates. Lastly, 
the acid has been examined by Llmpricht and v. Uslar (Ann. Ch. Pharra. xciv. 
821), who have shown that biityracetate of barium yields, by dry distillation, propylal, 
Bgopione, and propylene (tritylene), in which respect it exactly resembles the propionate, 
out that* on the other hand, butyracetic acid separates spontweously or by distillation, 
into acetic and butyric acids, which is not the case with propionic acid. On the whole, 
therefore, butyracetic acid must be regarded as a distinct acid. It appears to be pro- 
duced only by the fermentation of tartrate of calcium ; acid tartrate of potassium, 
whether crude or purified, yields by fermentation nothing but acetic acid. Accor^ng 
to later experiments of Nickl^s (J. Pharm. [3] xxxiii. 351), it is likewise obtained 
by pouring a mixed solution of equivalent qualities of an acetate and a butyrate into 
dilute sulphuric acid. 

Butyracetic acid resembles propionic acid in most of its properties. It mixes in all 
proportions with water, and is separated therefrom unaltered by chloride of calcium, a 
property which distinguishes it from a mere mixture of butyric and acetic acids. 
According to Dumas, it boils constantly at 140° C. ; but, according to Limpricht and 
V. Uslar,, it begins to boil at 120°, at which temperature nearly pure acetic acid passes 
over, and the boiling point gradually rises to 160°, when butyric acid distUs ovw, the 
boiling point not remaining stationary for any time at 140°. It does not yield either a 
definite anhydride ox a definite ether, but in both cases a mixture of acetate and 
butyrate. " , 

* ^BuiyracetaU^f Barium, Ba''(C*H*0*)* -h aq., resembles the propionate in oomMitlon 
had propertief^but on decomposing it with sulphate of copper, the acid which is set 
free separates ihlb butyric and acetic acids (N i c k 1 4 s). The caleium-aait, Ca"(0*HH)*J*f 
forms silky needles, or, according to NicklAs, regular octahedrons, ^hich effloresce in 
the air. The copper^salt ciystallises in dark blue-green tables, which give off part <» 
their water of crystallisation at 100° C, It rotates on water, dissolves sparin^y 
water, more easily in alcohol. 

The neutral Uad-^aU cxystallQies from a very concentrated solution at low tempew* " 
tures in cauliflower-like masses.' It melts when heated, giving off part of its acid 
«^nil deliquesces in moist air. concentrated solution, to which chloride of barnun is 
added as long as the precipitate first frrmed disappears on agitation, yields by slow 
evapoxation, a doable salt which cxrstallises in square prisms containing barium w 
lea$ and lAewife chlorine^ The oa»ia Uad^lt is formed by boiling the preosoing 
with oxide of lead. It cxyataUiaee from a moderatdy concentrated aolatioii at 
above 0° 0., in oetnhedcons which contain 42 per cent, water, undeigo aqueoai wco 



IjqIow 19®i im aiobtK^ eoneentHKted solutioik or fhn^ 

IVudott, itcEystaJ]^ m taito; at Yea^ howoTor, in a^p^erieal seg- 
ments, ▼hich. when gentty ^ted, froUt outwards with a slight noiiew 

Br the boiling solution of the lead^salt with a little ammonia, a enrstallinh 

powder is precipitated. (No liner.) 

The mercurous salt Ciystallises in satiny sefa€i|^whix^ are reddened by light The 
potasaium-saU ciystalUses in very deliquescent ^!n tables. The sUuer-ealt separates 
on cooling itom a boil^ solution of the ammoniumrsalt, mixed with a boiling solution 
of nitrate of silver, in shining needles resembling acetate of silver and sparingly 
soluble in water. The sodium-ealt crystallises firom a somewhat dilate solution in 
deliquescent octahedrons ; from a more concentrated solution, as a white tallowy amor- 
phons mass, or u a radio*cxystalline mass. The sinc’^alt is soluble in water, but de- 
composes by boiling. 

BUTWSBJEi Md SU n YOau C^H*0. — Two compounds are known 

which have the composition of the term in the butyric series corresponding to thiltW 
aldehyde in the acetic series ; they are not, however, identical 

Bntyral was obtiuned by Chancel (Ann. Ch. Phys. [3] xil 416), among the pro- 
ducts of the desf^ctive distillation of butyrate of calcium. The crude pn^uct of this 
operation is a mixture of several auhstancM, of which butyral, boiling at 96^ O. is the 
most volatile, and can be separated firom the others by factional distillation. 

l^ire butyral is a colourless, very mobile liquid, with a burning taste, and a sharp 
and penetrating odour. Its density at 22° O. is 0*821, and it boils at 96°. It dissolves 
a sm^ quantity of water. It is shghtly soluble in water, and soluble in all proportions 
in alcohol ether, and wood-spirit. It rapidly absorbs oxygen from the atmosphere, 
and is converted into butyric acid. It is oxidised by solid chromic acid with a sJ^ht 
explosion. It is very inflammable and bums with a brilliant flame. Heated '^th 
water and oxide of silver, it reduces part of the oxide to the state of metallic silver, 
butymte of silver remaining in solution. On heating it with sulphuric acid, sulphurous 
acid is liberated, and a small quantity of butyric acid remains in splution. By dilute 
nitric acid, it is converted into nitropropionic acid. It forms crystalline oompmuids 
with acid sulphites of alkali-metals, analogous to those which aldehyde forms. By the 
action of pentachloride of phosphorus on butyral hydrochloric acid, pjychloride ol 
phosphorus, and a peculiar product, C*H^Cl are formed: 

C^H«0 + PCI* - C"H»01 + HCl + pool*. 

This product is a colourless, oily, veiy mobile liquid, lighter than water, with a sharp 
odour and a biting taste. It is insoluble in water, but soluble in alcohol and in ether. 

It boils at a littie over 100° O. ; it is inflammable, and bums with a green-edged 
flame. It is probable that the action of pentachloride of phosphorus on butmT is 
analogous to its action on aldehyde, and gives rise to the compound CHfl*Cl*, 
homoLogous with chloride of ethylidene (p. 1071 and that at the moment of its 
formation, this substance is decomposed into hyarochloric acid and the body above 
described. . 

Chlorinated Derivatives of Butyral, — Chlorine acts very energetically on 
butyral, with the formation of definite compounds containing chlorine in the plaro of 
hydrogen, 

Monoehlorinated Butyral. C^H^CIO. — Produced by passing a current of dr^ ohlorino 
through butyral by diflTused light. The gas is at first absorbed, with evolntioa of beat , 
and p^e red coloration ; afterwards the colour disappears and the liquid gives. off tomnti 
of hydrochloric apid gas to the end of the operation. A rapia current of cszboOlO 
anhydride is then passed t^ugb the liquid heated somewhat below its bo^hig poinl^ .. 
mid it is then rectified. It is a transppent limpid liquid, hea^ue^ thaii water^v^ 
Mis at 141° C.; has a jpungent tear-exciting odour. It is inrolnbl^n ^watob, but 
dissolves in alcohol and its alcohoUc splution does not dond nitrate cf lMrett It doM # 
not form an amide with ammonia. 4 

Dkhlorinated Butyral, Cf^H*Cl*0. — When dry chlorine is passed fi>r three hoTUH. 
throngli IrntyrsI expoeed to sunlight, the action is observed to nacken alter some time. 

If carbonic anhydrim be now paMed thxongh the liquid^ which ia afterwards rectified, a 
neutral oil is obtained boiling at 200° C. 

Tftraddorinated Butyral, C^H^*0. Chlorine is paseed Ibr several days throi^h 
My^ eipoeed to br^t sunshine, the liquid being Ulionafely heated, and the aetiott 
^mtinoed as long as hydrodilorie add jgss continnes t</^be evolved. When puitt^ 
uke the other irabstaaeee, it flmns a 1mA heavy neutnl oO, irhich boili at a h4dt 
temperature^ with deecHnpodtiott. 

0*H*0 — T1dsbedy,.pesobtsttMdly ^^^ 

■^ng to pEodnete of toae^of oxiilidiig agfiats^ fibrin, alUuaiii, and oMriii* 


For the tall details of the procese, idl^udcelbeifg^s paper must he referred to (Ann. Clh. 
Pharm* heir. 39). The crtt<fe dietyiafte resulting from the action was neatraliaeii, wi^ 
chalk and distiUed. A neutral distillate was obtained which connsted of the al^ 
hydes the acetic, propionic, hulyzic, and benzoic series, l^ese were separated hj 
Ipietional lectiflcation, the portions between 70^ and 10(P O. which consisted of 
Mtyvio jtidehyde mixed with a little ^pionic aldehyde, behig collected separately. 

aldehyde is much less soluble in water than propionic aldehyde, and may he 
tit|»^ted feom it by agitation with water. To obtain the butyraldehydo quite pme, 
it is agitated with ammonia, with which it forms a crystalline compound. This is 
^sdecomposedby the addition of a concentrated solution of alum, the liquid distilled, and 
the distillate rectified oyer chloride of calcium. 

When pure, it is a thin, colourless, transparent oil, which has the specific gravity 
0*Q0 at 15^ C. It boils at 68^ to 75°, and has an ethereal, somewhat penetrating odour. 
The small quantity in which this substance has been found, has prevented its com- 
plete investigation ; but almost all its properties, as far as they have been examined, 
are identical with those of butyral. It acidifies in the air; an aqueous solution 
mixed with ammonia, and then with nitrate of silver until the alkaline reaction dis- 
appears, gives, on the application of heat, a beautiful coating of metallic silver on the 
Bides of tne^vesseL It differs from its isomer chiefly in its boiling point, its density, 
and in forming a czjstalline compound with ammonia, which bntynil does not. 

Bittpraldehi/de-ammonia, NH* C*H*0 -i- 5aq. — Butyraldebyde fbrms with strong 
ammonia, a cx^stalline mass consisting of small acute rhombic octahedrons; from an 
alcoholic solution, the compound crystallises in large rhombic tables. The dry crystals 
do not alter in the air, but in the moist state they gradnally become brown. Gently 
heated, they melt, and sublime at a few degrees above 100*^ C.; more strongly heated, 
they give off ammonia. Potash does not expel ammonia from them at ordinaiy tem- 
peratures. Aqueous acids or alum separate butyraldehydo. Butyraldehyde-ammonia 
IS almost insoluble in water, but soluble in alcohol, and in ether. 

Sulphuretted hydrogen passed into a solution of this body, appears to form a com- 
pound homol<^us with thiaidine. When the liquid resulting from this action is 
, /mated with ether, a sulphuretted oil is obtained, which forms with hydrochloric acid 

# solid crystalline compound. E. A 

JfeUT O^H^NO — ^ compound, homologons "with 

^aeetamid^^islQppared placing 1 pt. of butyric ether, and 6 pts. of strong aqueous 
ammonia, infw;fi&k, and fi^aently agitating the mixture until the action is complete, 
wkicdi generSlly takes feom eight to ten days : the liquid is then evaporated to one- 
Ih^^^pd bn cooling the butyramide crystauises ont: 

' . C‘H’(CPH»)0* + NH* - C^HmO + 0»H*0 

. Buiyrlc etl^r. Butyramide. Alcohol. 

It ei3jmaUisea in snow-white, nacreous, transparent tables, which melt at 116^ G. to s 
coloiincss liquid^ and volatilise without residue. It has a sweet, cooling taste, with 
bit^ ^ertas^ It is readily soluble in water, also in ether and in alcohoL Its 
. TapofU inflBmmable. Pass^ over red-hot lime, or distilled with anhydrous phos- 
imoric add, it loses water and yields butyronitxile (cyanide of trilyl) ; 

-C*H*NO - HH> - (PH»N 


Butyra- 

mide. 


Butyroni- 

trila. 


I by boiling with fixed alkalis, yielding ammonia and 

C*H*NO + KHO - C*H»KO» + NH». 

|ieiitadilQajde of phorohoCTuv it is converted into cyanide of trityl, oxyeblozids 
of pG|>d|j|prii% and hydmhloiic add ; 

<PH*NO + pa* - c*ms + poa« + 2 Hol 

It is decomposed by nitrons add, with formation of bnlyrie acid, water, and nitrogciM 
0*H*NO + HNO* - C*H*0* + H»0 K* 

BuKyrauUe. Kitrous Butvfle 

aeid. add. 

jfersiiHc is obtained by boUing meteoric oxide witk m* 

Intion of Witynunlda. The filtered eolution, when eonoentrated, deposits the oosspoiind 
in small JMsereoim mystals, more lostnms than bniyramideu whica they othemnse 
semUe. KA 







series of Tidatile iiitly «idi, of tbo geaoral fomala OHX)>» It was discoverad W 
CheTO’J* obtains it by saponifying batter with alkalis. It ooeors in nature botiir 
iu the ft«e state, and in combination with bases. It is found in perspiration, in the 
juice expressed foom hunuui flesh, and foom ^at of ammals ; in criide oil of amber; 
Buii in ood-liTer oil. It is found in all liquids containing lactic acid, as a JneduiQli 
of the transformation of this substance.^ Butyric acid is also contained, togethw ^ 
several fatly acids of the same series, in combination with glycerin, in battdWrinw 
cows and goat's milk. This compound of butyric acid wife gl^rcerin is t^orans, 
and it is to its decomposition on standing, by which bu^ric acid is set free, that 
the (^our of rancid butter is chiefly due. Butyric acid is a frequent product of thb: 
oxidation of organic substances, as when flbrin is treated ynth solphnrie acid and 
peroxide of manganese, or when oleic acid is oxidised by nitric acid. It has also been 
found among the products of the destructive distillation of tobacco (Zeise) and of peft 
(Sullivan, Jahresber. d. Ghem. 1858, 280). Lastly, it has been found in aevei^ 
plants, in certain beetles, *and in certain mineral waters. (Gm. x. 76; xiii. 388; 
Handw. d* Ohem. iL [2] 661.) 

The most important mode of its formation, and that on which the present methods 
used for its preparation are based, depends on the metamorphosis which starch, sugar, 
6rc. undergo in fee presence of substances which act as ferments. Pelouse and Gdlis 
have found that butyric acid can be obtained from all amylaceous and saccharine 
matters, which can be transformed into lactic acid, such as cane-sugar, milk-sugar, 
starch, dextrin, &e. These substances exposed in water to a temperature of 26^ to Sifi C. 
in contact with old cheese, or some other decaying nitrogenous substance, first undergo 
the lactic fermentation, and are ultimately converted into butyric acid. This latter 
phase is attended with disengagement of carbonic anhydride and hydrogen ; 

C‘H«0* - C*H*0* + 2CO* + 

Lactic acid. Butyric 
acid. 


The oririnal process given by Pelouze and 061is, has subsequently been modified by 
Bensch, whose method is essentially as follows: 6 lbs. of cane-sugar and 4 an os 
of tartaric acid arc dissolved in 26 lbs. of boiling water, and left to stand n>r son^ 
days to allow the cane-sugar to pass into grape-sugar. To this Bolution, a^ut 
of decayed cheese, diffused in 8 lbs. of sour skim-milk, together with fl Ihi* of eha^*^ 
are added, and the whole is left in a place the temperature of which is nnifoKfn at about 
30 — 36^0. The mixtiire is frequently stirr^ and generally solidi^p^^nfter ten or 
twelve days, to a thick mass of lactate of calcium. If this be ,allowied% shtnd undev 
the same conditions, the evaporated water being renewed, it again becdxhes liquid, gas 
bubbles rise, and at the expiration of five to six week^ wh.m the cti8eng^tgigpi«i.i of 
gas has ceas^ the whole of the lactic acid (and therefore the wholwt^ 
passed into butyric acid, which is present as butyrate of calcium, 
to succeed best with lar^ro quantities of substance. 

The above solution of outi^te of calcium is mixed with an ei^ual bolil of wat^ and 
a Bolation of eight pounds of crystallised soda is added, with acptatlon. The shluiion 
filtered off from the Carbonate of calcium is evaporated to ten pounds, and dsc(pnboM 
by the carefhl addition of five and a half pounas of sulphuric acid, previously dilute^ 
with an equal weight of water. The grater part of the buWrie acid then sepf^tes a# 
an oily layer on the surface of the solution of the add mlphate of iodiunij aid is 


Miunii aid iej 


an oily layer on the surface of the solution of the add mlphate of iodiumj aid ^ Ji* 
moved by means of a tap-fhnneL In order to obtain the hntyriiB add stU} egtntaiiiediifc 
the solution of sulphate of sodium, it is distilled, fee distillate ueutmlised%j|^M||jte 
of sodium, evaporate^ and the add separated as before by idtptt irf 

The united portions of crude butyne acid, which, besl3^er«^, elwi^ coatafi 
some sulphate of sodium, axe mixed with sulphuric add (about owe. oance to one 
pound) in order tojmvent the separation of neutral sulphate of sodhmi, would 

cause convulsive wtillation. ^e distillate ooosistingv of a^iueoas butjq^/idd it 
mixed with fused chloride of oaldum, and rectified. At first, oilnte acid ‘fMM Ofrm 
sc^mpanied by traces of hydxoefalorio odd ; this afterwards gives place to eepmiatmM 
acid, whidi when frectumaUy distilled, is cfotained of a eemstoni boiling pouA anAf^dU 
pure. It is better to use ralphurie than hydxodiloric add in the daoompositien of 
butyrate of caldiim, as the latter causes the mixture to froth iq;», and it is tUffienlt to 
fm the'butyric add coimileiely'frbfn hydxoehkrie add. 

Bufyrioaddmay also be peepexedby esponifyii^ butter with an alkali, and disti l Hn g 
the soap with sulfuric ae»L But tins method is never used for the pfeparation m 
its sq^mlioii from the aesomqmyiug soluble fotfy amde is mf 

Ptvpiartiu. — Bnfyris aefai Msq partis a cdoiirlest, transpaxml^ and vw mebQe 
Uct^nd, baviug an ooknir sngMtive Doth of vinegar and of xaaeid bu|t«^ . 11 Iiaa a 
very sour and burmug taster and attaclmte sldn ia^^^^ stxoiigest adds. It bo0s at 

T T a 



BlTTt'BlC ACID. 


1^7^ 0. und«r 760 mm. pMrare (KoppX and distill withont altofatum. Its tbikw. 
dsnsity Taries with the temperatore ; at 261^ C. it was found to he 3'7, eomspondiiis 
to 2 roU. The Tapour is inflammable, and barns with a blue flame. The%ns^ 
of the liquid acid is 0*9886 at 0®C.; 0*9739 at 16®; and 0*9676 at 26®. It Am 
not solidify at 20®, bat in a mixtme of solid Garbonic acid and ether it crystaUises 
. m plates. Batyrie add is soluble in dl proportions in water, alcohol, and wood- 
i^rit. ^ 

* Decomposttums. — 1. Batyrie acid dissolTcs in sulphuric acid without alteration in 
the cold ; at higher temperatures, the greater port distils off anchanged. - 2. It also dis- 
solres in nitric acid in the cold ; by prolong<^ eboUltion with nitric acid of spocilic 
grarity 1*40, it is transformed into succiuic acid : 

C‘H*0» + 0» - + H*0. 

Bu yric buciilulc 

aitd. acid. 

8. Iodic acid does not act upon butyric acid. — 4. Butyric acid is energetically attacked 
^ chlorine, with formation of hydrochloric acid and of di chlorobutyric acid, 
C*H*CPO^ If tlie action of the chlorine be contimied. the hiityric acid is ultimately 
converted into tetrachlorobu ty ric acid, C*H*C1W. Jotiintt has scarcely any 
action on bufyric acid. — 6. By the action of pentachloride of phusphirrus^ chloride of 
butyryi, C'*H’OCl, oxychloride of phosphorus, and hydrochloric acid are formed: 

c^H»o* + pa* - aH’oa + poci* + hci. 

Butyric Chlorl.le of 

acid. butyryi. 

6. VfiHi pentasvlphide of phosphorus^ it forms thiobutyric acid (p. 694). 

. + P*0». 

Butyric acid. Thiobutyric 

add. 


BnmiATBSi — Bufyric acid is monobasic^ the butyrates being represented by the 
general formula CWMO* « C'H’O.M.O. 

When ^nite diy, they are inodorous; but when moist, they possess a strong odonr of 
butter. They are mostly soluble in water, and crystallisable. Many; of them rotlite 
when thrown upon water. 

Butyrate of Ammonium, — A delnmescent aaHt which gives 

butyronitrile, when distilled with anhydrous phosphoric acid. 


Butyrat$ of Barium. B8"(C*H’0*)* + 4Bq.— Obtoined bj Dontmlii 

acid with baryte-water. The nitored aoiution ovaporat^ in the coKI 
flattened prisms, which are quite transparent, and contain 2 at, water, .^/Thhy^ melt 
at a temperature below 100® 0., without any loss of weight, to a transparent MqdiL 
The salt dissolTcs in 2*27 pts. of water at 10®, and rotates on the surface, wheflp 
butyrate of barium is crystallised from a hot concentrated solution, it oontaiiii|^^9*6 
per cent, of water— 1 at. water of crystallisation, its formula being Ba"(C*B[W)F^#H. 

Butyrate of Copper, Chi"(C*H*0*)* + 2aq. — According to aievreul,andtQ 
and Gelis, this salt contains 2 at. water; according to Lihs-Bodart, 1 at. water.^ 
is obtain!^ by the addition of a cupric salt to a solution of butyrate of potassium 
The blutsh-ttreen precipitate formed is crystallised from boiling water, which yields it in 
crystals of the monoclinic or oblique prismatic system. By prolonged ebullition with 
water, the salt is partially decomposed into subsalt and free butyric acid. By distilU- 
tion at about 260® C., butyrate of copper is completely decom^ed into a liquid which 
iqmeam to be pure butyric acid, a gM composed of mual vmumes of earbmiie os^e 
and carbarotted hydrogen, and a residue of finely divided metallic cc^per mixed wi^ 
When butyrate of copper is rapidly heated to a high tempezator^ there is 
‘ along with other sulMtances, a white czystalline body, which te jcnproas 

A compound corresponding to SchWeinnirt-green (p 16) is obtainea^hy 

ndi^g a solution of butyrate of copper with solution of amenious acid. A yeUowiiih- 
green amorphous precipitate forms, whi<di afterwmeda becoiM eryetalline^ and eshib^ 
the pure green colour iMlonging to Schweinftirt-green. It is a double salt of anemts 
and Wyrate of copper, Cu^^0»)*.2Cu''(A80*)^^ 

Butyrate of Calcium, 0a'*(C*H’0*)*(at 140® O.). --Obtained lilw the barim-^«^ 
CrystaUises in delicate needles ; melts on being heated ii^. its water of cryeteJlSeatW 
which it giTse off with toleiable freilify. The diy aalf^da'beii^iettlled, ghme.d b mg 
distillate, donsistang prineipallj of butytal and hutyfqiiat.’' Tliis stilt rotatei 
thrown on water. It diaeolWtii m pU. of wat« at Iff*, but MyettOUsee out so em»^ 


carbon. 



BUTYRIC ACID. m 

rlct>»lly wiwti Ulo soltttioii is heated, tliat the whole becouee oolid. Ok cooling, it again 
becomea liquid. 

Bvijfrmie ef Cai^mm mmd nmtium.^Th» aqueoua aolution of 2 pta. hatymte of cal- 
cium, and 3 pta. butyrate of barkuii, depoaita octahedrona of thia AmbU aidt Oh apon- 
taueoiia evapontiaii. 

of Iron , — ^Ziron does not decompose dilute butyrio add, but graduafly 
oxidiaea at the expeoae of n poitioa of the add, the oxide combining with the remauiM. 

A yoUowiah^baaio aait which aeparatea, appean to be admble in a lazge quantity of 
watec» 

Bntifrate of SthyL See Buttbio Ethbbs (p. 695). 

Butjfrat$$ of Xcatf.— The nwtral salt, Pb*^(C*H*0*)*, ia obtained in fine ailky 
needles by abandoning the aolution of lead-oxide in butyric acid to apontaneoua 
evaporation over oil of vitriol. The same salt ia precipitated by butyrio add from a 
eolution of neutral acetate of lead, aa a colourless very heavy oil, whmh solidifies after 
s»ime time only. Basic saltt 3EV'(C*H^0*)*.2Pb'*0. Alkaline butyrates give a oopioua 
white precipitate with solutions of subaeetate of lead. When a mixture of acetic and 
butyric acids is saturated with lead-oxide, rose-coloured crystals of basic butyrate of 
lead are formed. These are decomposed by the carbonic acid of the air, but are hold 
in solution by the acetate which adheres to them. 

Batyr ate of Maancsium^ -f 5i^, — Bcantifitl white laminia^ lilr^ 

czystallised boric acia. The water of cryataUisation is easily expelled. 

Mereurouo Butyrate . — ^White shining scales, like mercurous acetate. 

Butyrate qf Methyl, See Buttbio Etiuius (p. 696). 

Butyrate of Poiaeeium. G^H’KO*. — Carbonate of potassium it neutralised 
with aqueous butyric acid, and tlie sohitiou evaporated. Ciystuilises in imlistinct 
cauliflowerdike gpou|is. Very ddique^nt; dissolves in 0*8 of water at 15® C. Ro- 
tates OB wuAer. There apf^ars to ^ an aeitt butyrate of potssstum. When butyrate 
of potassium is distilled with an equal quantity of arsenious anhydride, there is ob- 
tained, besides eecondsiy products, an oily liquid blackened by T^uead araqn ic, and 
smoJliog like alkarsin ; it is cither alkarsin or the term corresponding to it in the 
butyric series (p. 412.) 

Btilyr«4f qf l9odi»m is like the poteMiura-aalt, but less deUqueecent. 

Buty raia ef ^ Bitcer, C^H^AgO*. — ^Butyrate of potassium mixed with nitrate of 
silver fbrias white shiuuig seules, lots acetate of silver. The salt does not deAagmte 
when heated, bat leaves metailio silver mixed with a little chareoaL 

Butfrait o/ Sirontinm. Si'’(0'&’0<)* (Aqr).— Loi>gA.t 
■alt ; fusilitoj soluble in 8 pts. of water. 

. — IqtMon* 1>n<7iu of 

xinc at ocdliliary temperatures ; the filtered solution evaporated in vacuo leaves shjnipg 
fusible lamllMB. The aqueous aolnUon ia decoixpeaed by repeated evapomtAon into 
basie salt and tee botyrie ay^ 

^ ^ Bubttttttrion-deritMdioss of Butyrio dout. 

PmMtttmcrrmta Aoxb. 43ahours (Ann. Ch. Phys. [8] xix. 496) ob- 

tained^ add of this composition, by the action of bromine on dtraooiiate or itaeonate 
of potassium, to which he gave the name bromotrioonio add. It is now oommoniy re- 
Kuded as a brominated derivative of butyric acid, and as^ such finds its deeoription 
bere. When bromiae is gradually odde^ until slightly in excess, to a eolution of 
ritraconate ef potassium in pts. of water, carbonic acid is -evolved, and a heavy 
yellowish oil is deposited, which is a mixture of two subslanoes, the one on add, the 
other a neutral oil This is washed with water and treated w^ potash, wbleh dis- 
solves out the add, and leaves the neutral oil undianged. On adoing dilute add ^ 
the all^iie sohition, the arid is deposited sometimes as a heavy yellowish oi^ sonib- 
timea in finectyutoUine needles ; the two substances are identical in composition. 

The oily arid has a slight amber colour ; it has a pcbuliar odour, feeble at ordiii|gy, 
but iiritating at higher temperaturps. It is much heavier than water, in whidi it la 
slightly soluble; it is quite soluble ia alcohol and in ether. It is partially decom- 
posed by distillation, with formation of hydrobromic add Aunes, and leaves a carbo- 
naceous residue. Smetimea the oily aM changes apontaneovuly into a masa of 
crystals. It is attacked ly citric amd with disengagement of red AimeS. 
potash4ey dissolves it, diseiigsging a peculiar odour, lutss wh^ the addition, of add 
no longer precipitates an olL ^ - 

The oily arid foraia with anmoma aa add salt» 

^stallbei in ydloiriah white unctaous scales, essily sdoble in water wid'bi slebhdL 
The siircr-salt. C*&*AgBieK >*9 is obtained by adding nitrate of dteac tod sdufeHNi of 
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e?i4 BUTTEIC ANHlTDBIDE. 

the ammonia* Balt, as aeuzdjr precipitate, wliioh, after standing some time, nmteg into a 


omodttfywJSfAer.-— C^H*(C»H»)Br^ is obtained with diilBealtjr. A solution 

of the acid in absolute alcohol is saturated at 70® — 80®C. with hydrobioinic acid gas; 
the solution is distilled ; the distillate is mixed with water, and the reenlting precipitate 
is washed first with dQute carbonate of soda, then with pure water, and fln^y dried 
c^Ver oil of TitrioL It emits an irritating odour when heated, and hw a shan taste. 

!Further esroeriments are required to prore that. Gahonnf bromotriconie acid is the 
true dibromoDut^frric acid, and it is to be re^petted that its discoverer should not have 
fully cleared up this point. Cahours obtained the following results in attempting to 
obtain dibromobutyric acid dixeotly. Bromine vm added to a solution of butyrate of 
potassium, until a few drops of a mximinated acid were precipitated ; the whole was 
then evaporated to dryness, dissolved in i^hol, filtered, and a few dipM of sulphiiric 
acid added, which precipitated an acid different from butyric acid and less odoroiui, 
but soluble in water and in alcohoL It did not appear to be identical with bromo- 
triconic acid. 

DioHLOROBirmio Acid. C^H*G1H)*. (Pelouse and G^lis, Ann. Oh. Phya [3] 

, X. 447.) — The best method of preparing this add is to pass d^ chlorine m in bright 
sunshine, through about 40 grm. of butyric add, placed in a Liebig’s buU>-appaiatus. 
At first, the absorption is very nmid ; subsequent^ hydrochloric add is disengaged, 
and the liquid assumes a ye11owish>ffreen oolour. The absorption becomes slower aud 
more difficult, and the current of dilorine must be oontinuM for several days before 
it ceases to be absorbed. Dry carbonic add ^ is now passed through it, at a tem- 
perature of 80® — 100® C. to ezpd the hydro<^oric acid : the reeidue is dichlorobu- 
’ tyric add. 

It is a colourless viscid liquid, heavier than water, and having a peculiar odour, some- 
what like that of butyric add. It is insoluble in water, but entireljr soluble in dcohol. 
It can be distilled to a great extent without alteration, but a portion always decom- 
poses. It bums with a green-edged flame. 

Its potassium-, ammonium-, and sodium-salts are soluble. Its silver-salt is sparingly 
soluble*' 

JHchlorobutyric Ether^ C^H*(C*H■)C1*0^ is prepared by gently heating an alcoholic 
solution of dichlorobufyric add with sulphuric acid. An oily compoimd ether having 
an ethereal odour, is deposited, which is washed with water and dmtilled. 

Tetraohlobobuttric Aon>. (Pelouse and 041is, loc, d<.)— This 

acid is produced by the continued action of chlorine upon butyric add in bright s^- 
shino : the chlorobutyric acid at first formed is ultimately converted into a white, 
solid, crystalline mass, which when pressed between paper, and crystallised from ether, 
is obtained in the form of white obh^ue, rhombic prisms, which melt at 140® 0., distil 
without decompodtion, and smdl like butyric add. Its silver-salt^ C^H'AgCl*<P, is 
sparingly solubte. 

Tetrachhrolmivrie Ether^ C*H^C*H*)CI^O*. — In a solution of tetrachlorobutync 
add in several times its bulk of dcohol, the addition of oil of vitriol immediately 
pi^uces a crystalline mass, which mdts at a gentle heat» and separates into two layers, 
the heavier of which is tetrachlorobutyric ether. It has an ethereal odour, and hums 
with a green flame, giving off white frames of hydrochloric add. 

Tnonumio Acid, C^H*OS Sulphabutyrio acid, (Ulrich, Ann. 

Ch. Pbaim. cix. 280.)— This add is produced by the action of pentasnlphide of phos- 
phoms on butyric add (p. 691). The snbstancee in eqpiivalent quantities are distilled 
together in a frimished with an inverted eondensing araaratus, the aetioii, which 
ia violent at first, being assisted towards the end by genUe heating. After it hj«e^ 
tinned fbr several hours, tho mixture is distilled and the reddish liquid, which contains 
butyric add and dissolved sulphnr.as wellas thiobo^rrio add, issnl^ee^ to fractmal 
the thiobntyric add passing ovmr at ISO*’ G. It is a ookorless Hqttid, of 
Mhaowt. insimpoEtable and penuLitent odour; boils at 130® O. ; is qparindy sohible in 
watsr, readily in alcohed sw dissolTessulphiir with yeUowiah oolonr. wxUi aaekdeef 
liid, tt Harms a bnll^ white pundpitate of thiosnl^iate of lead, mtoMa 

in n lam qnantity of hot water, also in hot aleohol, and aepantmg, on eo^nffi in 
tirlets myrials. The salt dseomposss readily, with separadoo 

auvixso JtjnmmSPSi AnJk^fdrtmc Buijpric J/M, 

(Qerhnrdt^ Ann. Oh. naim. IxviiL 127.)— Die Ibmiatioa of this body te anilftioai 
to that of tho oiganie snhydrides in general, that is to say, H is fiacned by ffiii r 
pf chloride of butyiyl on an alluBUnebutyrato^ 



BUilrRie^^E e9g 

II is pivpared by 4 pt^ of butynte of Bodiom with % pis. of oxyehlorido 

of phoaphoTOS, tho oxychloride being added drop by dwro to the butyrate^ aa in the pre- 
iKinitkm of acetie anhydride. The reaction conaiata of two atagea, the flxat being the 
Ibnuatkm of chloride of butyiyl and phoephate of aodiam : 

seWKaO* + l»OCl* -^NaW)» + 8C*H»OCI, 

and the second, the formation of batyiie anhydride by the aetion of this chloride 
on another portion of bmtyrate of sodium. When the reaction is com^dete, the maaa la 
distilled, and the distillate redistilled otw butyrate of sodium, in order to convert any 
i^maining chloride of hutyryL The distillate from this is finally rectified, those parts 
only being eoUected which boil at 19(»^C. ; the portions which pass over below thia point 
contain butyric acid, the formation of which cannot well be avoided, from the deli'* 
<}ueeeent nature of the butyrate of sodium. 

Like acetic anhydride (p. 20), butyric anhydride may be prepar^ by the action of 
betuEoio chloride on buty^e of sodium. Five pts. of bensoio chloride are mixed with 
8 pts. of butyrate of sodium in a retort, and distilled, and the distillate rectified, at 
first over butyrate of sodium, and then alone. 

^tyiic anhydride is a colourless, very mobile^ and highly xefhictitig limtid, of 
specific gravity 0*978 at 12*6^ C. Its odour is very strong, out not disaffroeame» and 
rather resembling butyric ether than butyric acid. It boils at 190^, and its vapour- 
di naity has been found to be 5-38. Exposed to the air, it gradually attracts moUtnrs, 
and is converted into butyrio acid. Poured into water, it d^ not wsolve like butyric 
acid, but rises to the surfi^ as a colourless oil. In contact with aniline, it becomes 
heated, and forms butyranilide (phenylbutyramide) : 

(C‘H»0)*0 + 2(N.H*.C«H») - 2{N.H.C*mC«H»0) + H»0. E. A- 

BinnrmXC Bmms. These compounds are formed from butyrio arid by the 
substitution of 1 at. of an oiganic radicle, such as ethyl, methyl, &c. for 1 at, of hy* 
drogen. They are for the most part formed by the aimt action of butyrio arid on 
the alcohols. 

BtmrHATB or Aixyi.. C*H**0* — C‘H^(C*H*)0*.-~-Obtsined by distilling butyrate 
of stiver with iodide of ullyL After rectification, it is a colourless oily liquid, lighter 
than water, soluble in ether, smelling like butyrate of ethyl, and boiUng at about 
140^0. Heated with potash, it yields ally 1-alcohol and butyrate of potasriuiii, 
(Cahonrs and Hofmann, PhiL Trans. 1807, p. 666.) 

Butthatb or Amtl. - C«H»(C»H»)0» is a Uquid boiling at 17-6^0. 

(Delffs). Specific gravity 0*802 at 16° * Index of refraction ■■ 1*402, 

Butykxtb of Etktl. Butyrio Ether, -This ether is 

readily produced by the action of butyrio acid on alcohol, sulphuric acid being like- 
wise present* It is also fonned, Sjooording to Berthelot^ by distilliim s mixturs of 
t Pt. common ether, 8 pts. butyric acid, and 7 to 8 pts. sulphuric acid ; but the dte- 
tillate contains a bu^ quantity of free butyric arid. To prepare it, 2 jpto. ^tyricarid 
are dissolved in an equal weight of strong alcohol, and 1 pt. sulphuric arid is added 
to the mixture. The liquid becomes heated, and butyric ether immediately rises to 
the surfiime ; but to complete the transformation, it is necessazy to heat the mixhuto 
for a short time to ^ut 80*’ 0. The butyric ether is then decanted, shaken vip serriul 
times with water, lually with addition of chalk and chloride of ealrimn, then dried 
over chloride of cricium and distilled. 

Butyrate of ethyl is a transparent, colourless, veiy thin liquid, of sperifie gravity 
0*90193. Boils at 1 19*’ C., under a pressure of 0*7466 nun. Yapour-dmiiil^ «■ 4*04. 
It has an agreeable odonr, like that of pine-apples, and a sweetish taste, with hitter 
after-taste. It is very sparii^y srinble in water, but dissolves in aU pronortibna in 
aloohot and in ether. It is sfowly decomposed by potash, into batyrate of potassium 
and aloohoL 

To the presence of quantities of butyric ether, Che peculiar flavour of {due- 
apples, metons, sod some other fruits, is due. Its formation in the frnlt recelris aa 
obvious explanation, from the readiness with which the aaccharine matters praaetit 

C on the one hand, into lactic and butyric aeide, and on the other, into alcohol. 

pine-fiavoiired mm, known as pine-aiq>le mm, owes its flavour to the pes s enee 
of this ether. When freshly distils from molssses, nun has bnt little flavour, bnt 
this comes out on keepings owing to the fiict that a small quantity of bntyiie arid 
contained in it, graduaiiy combines with the alcohol to form etber. 

A solution butyric ether is vety extensivety used in pecfiuneiy, sad in eonfim^ 
tioaeryeemder the name of ptne-apple oa It » pfepared for this purpoas W ttm 
lowing proeces. Butter is saponified ly a strong solittioii of |)otssh-I^; the iO^ i* 
dissolved in verv little abeolote alcohol end to the solution is added a ouxltefo of 

TV 4 



6116 BiriTBiirs. 


alcohol and anlphuric aci^ until a sfzongly add reaction ia set npi tlwirlMkban 
dlBtilledf heat being appli^ as long ae anything comes over with a frnity odour. 

Buttbite ov Ethtlsmb, G'*H**0* ^ obtained bj heating bio- 

mide of ethylene for eeveral days to C. wiw bu^Finte of aUrer and a little fiee 
butyric acid) exhausting the proauct with ether, and dikilling fractionally ; 

2(0*H"0.Ag.0) + C*H^p» - 2AgBr + (OH'0)*(C»Hy.O* 

It is a colourless liquid, of spcciflc gravity 1*024 at 0^ CS. ; smells like butyric add, and 
boils at 23(P to 241^ C. (A. Wurtz, Ann. Ch. Phys. [3] It. 400.) 

Bvttratb op Gltcbryl. See BuTTEiNa 

Bwttbatb op Methyl. » C^H’(CH*)0*. — A mixture of 2 pts, butyric 

add with 1 pt. of wood-spirit and 1 pt. of strong sulphuric acid, becomes heated and 
separates into two layers, the upper of which is butyrate of methyl. In order that 
the transformation may be complete, it ia well to agitate the mixture, and even to main- 
tain it for some time at a temperature of from 50^ — 80^ 0. The product is purified 
like the ethyl-compound. 

Butyrate of methyl is a transparent colonrless liquid of specific graTity 1*0293. 
Boils at 102^ 0. Specific heat is 0*4918. Intent heat of vapour, 87*33. Vapour' 
density, 3*62. It has a pleasant odour, somewhat resembling that of pine-apples. 
It is scarcely soluble in water, but perfectly soluble in alcohol and in ether. £. A 

■WTUBZlTa This name was given by Berthelot to a compound formed from 
butyric acid «nd glycerin, to which he at first assigned the formula 
( ■» 2C*H"0* + 2C*H*0* — 3H*0), but which ho afterwards found to be identical 
with dibutyrin (p. 696). 

BUTHJUM'Ba (Berthelot, Ann. Gh. Fhys. [3] xli. 261.) — By the direct action of 
butyric acid on glycerin, a series of compounds analogous to the acctins is obtained 
They are monobutt/rin, dibutyrin^ and tributyrin, They 

contain the elements of glycerin and butyric acid, minus those of water. Their forma- 
tion may be thus expresstk : 

C*H«0» + - H*0 - C^W*0* 

Glycerin. Butfrlc Motio- 

aefd. biityrln. 

C»IPO« + 2(G‘H*0*) - 2H*0 - C»H»0* 

Gljoerin. Dibutyrin. 

Glycerin. ^tyrio- Tributyrln. 

acid. 


Viewing glycerin us a triatomic alcohol, we may consider the butyrins as glycerin 
\ 

gg vO*, in which 1, 2, or 3 at of hydrogen are replaced by the radicle butyiyl, 
C^H»0. 

^ The ^tyrins aro decomposed by alkalis, and also by the alkaline earths, baryta and 
lime, with formation of a butyrate and elimination of glycerin. Dissolved in alcohol 
and treated with hydrochloric acid, they yield butyric ether and glycerin. 

MonoBUTTBnr, ■■ H'>0*. — Thia body ia ibrmed, but only ia small 

C«H»0) 

proportions, by exposing a mixture of butyric add with excess of glycerin, to the 
action of the sun or of difihsed daylight for several months. It ia alw obtrined hy 
heating butyric add with glycerin to a temperature of 200^ C. tor three boun, care 
being taken not to exceed this temperature. It is a colonriess, neutral, odoriferouik 
pity nquid, haying an aromatic and bitter taste, without any afUir-taBte. At — 40^C., 
it remains liquid, andas mobile aa at ordlnaiy temperatnree. It rapidly sddiflea when 
exposed to the air. 

DxBirmtiH, C"H*0* •m -Whenever in the preparation df mono- 

bntyrin, the temmorature exceeds 220*^0., some dibutyrin appears to be formed, hut ik 
is best prepared tty heating a mixture of glycerin and butyric add to 276^ for sevetal 
hours. It is u colouriees, neutral, oily,odoriforous liquid, of spedfie gravity 1*031. II 
volatilises at 320^ without perceptime alteration. Cooled dkm to » 40^, hdpsmmm 
liquid, but its fioidity du^iahea. By aqueous amtnonia, it ia deemnpoaed, wHli 
formation of butyrumm 



ACID. 

T MWi tT« m , cnW ■» •at»rt»iic* ia fomed hjr hiiitiiig 

hatjiin with 10 to 10 times its weight of butjrric add to 240^C. tat four hoiim» It is 
% Deatrab oily liq^iiidy ^th lui odour analogous to that of the preoeddng eomponnds, 
and a pungent taste,, with pritatiiig aftertaste. It is Tory soluUe in aleohd and 
ether, but insoluble in water. 

Ufaturat Butyrin. — A but^n which is probably tributyrin, is oontained in small 
quantities in butter, along with caproin, eaprin, olein, and maxnarin. It has not been 
obtained free from these substances. According to Pdouse and G^lii^ this compound 
may be prepared artificially by gently heating a mUturo of butyric acid, glycerin, and 
concentrated sulphuric acid. On adding a large quantity of water, a slight^ yeUowish 
oil separates, which must be washed with water, in which it ia insoluble. It is soluble 
in all proportions in alcohol and ether, from which solutions it is separated by the 
addition of water. Saponified by potash, it yields glycerin and butyrate of potassium. 
It has not been obtained pure, and is most probably a mixture of the butyrins above 
described. B. A. 

BinmXTB. A compound formed from butyric acid and mannite in the same 
manner as the butyrins are formed from butyric acid and glycerin. Its properties 
have not been described. ^Berthelot, Compt rend, xxxyiii. 688.) 

The same name is sometimes applied to bog-butter {q, v.) 

B lI TT B OCHBO B HiraBty, By the action of hydrochlorie acid on a mixture 
of butyric acid and glycerin, a product (first observed by Pelouse) ia obtained, which, 
according to Berthelot (Ann. Ch. Pliys. [3] xli. 303), u a mixture of theoompoumls 
C*IP(C^H»0)C10* and C»H*(C^H*0)CiK), that is to say, of chlorhydrin (C«H'C10») 
and ^chlorhydrin (C*H*C1*0), in each of which 1 at. It is replacea by butyryl. No 
method of separating these two compounds has yet been deriaAl. 

BOTTBOXiBTO BlCXO. Bromeis (Ann. Gh. Pharm. xliL 63) stated that butter 
contains an oily acid resembling oleic add in most respects, but differing from it in 
nf>t yielding sebacic acid by dry diatillation. Bromeis assigned to this acid the for- 
mula It appears, however, from the experiments* of Gottlieb, that it 

is really identical with oleic add, and e^ibits the characters observed by Bromeis 
only after it has been consid()rably altered by exposure to the air. 


BirrTXOBlinrOlIZO AOIB. See Boo-bitttbb (p. 617). 

(C’H'O)") 

nxnmoiULCnv BCSB. 0*. — This add, which is 

B.) 

derived from lactic acid, (C*H*0)'*.H*.0*, by the substitution of 1 at butvryl for I at. 
hydrogen, has not yet b^ obtained in the fr«o state; but Warts (Compt rend, 
xlviii. 1092) has obtained its ethyl^salt, (C*H*0)".C*H’0.C*H*.0*, by digesting chloro- 
lactate of ethyl with an alcoholic solution of butyrate of potassium in toe water-bath 
for several days, then filtering to separate chloride of potassium, trestixig the filtrate 
with chloride of caldum, and rectifying : 

(OT*0)''.C*H».CL0 + C«H»O.K.O - KCl + (C*H<0yX<H^0.C»H*0* 

ChtorolMCaU of ethyl. Butjrrate of ButjrrotecUte of elhjrl. 

poiMalum- * 


It is an oily liquid, of specific gravity 1*024 at 0^ C., having an odm sometbiag like 
that of butyric add, insoluble iu water, soluble in alcohol, and boiling between 200^ 
and 210^ C. The formation and constitution of this compound tend strongly to snp- 
port the opinion that lactic add is dibasic. (See Lacno Aon>.) 

BtDWBOBTBi C^'K>« — ^T^ body is the acetone or ketone of the butyric series^ 
and is, therefbre, homologous with acetic acetone. It represents hntyrsl, in which 1 at. 
of bydroonn in the radicle is replaced hy trityl : 

C*H«(C»F')0| 

Butyrsl. Butrrooe. 


Its formation is mnalogoua to that of its homologne, acetone. Bntymle of caloinm 
earefoUy distilled in «m*ii portions Is decomposed into butyrone and eaibonate of 
caldum: 

Ch*(C*irO’)» - CbTCO* r O 

Butyrate oC Csibonece 
cahluBi. eTcelelum 


But when lai gw quantifies ore decom p ose d , the reanlts are not ao prrefre. T^ eru^ 
piodnct is oonmeaed of at least four sa b sUinfl es , bntyral, butyrone, and two other ittb- 
atauees of the Imtone series. The butaone is obtained pure by reetiflea^. thoig 
IMtfti being coBeeted iriiich boB at 140«-~14fi<> a and these are sgau raetlM* 
a pto&iet of eonstaat boiling pohitia obtained. » ' 
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Butyzone, when pnre^ is* eoloiir!e8» linwid Uqitid, haring a pecnljuur penetntlW 
odour/ and density 0*83. It boils at 144^0., and its rapour-densitj has been foo^ 
to be 4*0, which corresponds to two Tolumes for the formula Sumnmded 

by a mixture of soUd carbonic acid and ether, it solidifies to a ciystpdline mass. It is 
insoluble in water, but quite soluble in alcohol It bums with a Inminous fiame. It 
immediately takes fire in contact with chromic acid. It is energetically attacked 1 y 
nitric acid, with formation of nitropiopiomc acid, C*H*(N0*)0*, and d an ethereal 
liquid, which is probably butyrate of tnlyl C*ir(C*H^)0*. 

Distilled with pentachloride of phosphorus, bntyrone yiel^ a eomponiid, C^*C1, 
which Ghancri terms ehtorohutjfrone. It is a colourless liquid, of penetrating odour, 
lighter than water, and insoluble therein. It boils at 116^ 0. Its alcoholic solution 
does not doud nitrate of silver. 

From the crude product of the distillation of butyrate of calcium, two substances with 
definite lulling pomts may be separated by treating the crude distillate with add sul- 
phite of sodium, to remoTo butyml and butyrone, and subjecting the remaining liquid 
to fractional distillation. One of these boils at 180^ C., and has the specific grarity 
0*827. It has the formula which is thatof methyl-butyrone, C’H*\CH*)0, 

tf methyl-oenanthy 1, The latter view of its composition is suggested 

by the fact that it yields oenanthie add when oxidised by nitric acid. The other com- 
pound boils at 222^ C., and is a pale yellow liqtiid, whi(m becomes solid at 12^ 0. Its 
composition is which would correspond to tetryl-bntyrone, 

or tetryl-cenanthyl, C^1P.C^H'*0. It appears to yield butync and ocnanthic ad^ 
by oxidation, ^imprieht, Ann. Oh. Pharm. criil 183.) 

A^r^ng to Erie del (Ann. Ch. Phaim. criii 126), the crude liquid obtained by the 
distillation of butyrate of calcium, contains, amongst other prodm^ ethy l-bntyryl, 
C*H**0 « a colourless liquid having a biting taste, an aromatic odour 

like that of butyrone, specific gravity *=0*833 at 0° C., and vapour-density « 3*58, 
and a much smaller quantity of methyl-butyryl, C*H'®0 « CH*.C*H’0, of siiecific 
gravity 3*827 at 0^ 0., and vapour-density 3*13. £. A. 

avmowzmzo AOZB. This name has been applied to the product of the 
action of nitric acid on butyrone. 

BimmowzTiuDUi or cTAimis oi> Tmrm. » C^H’.CN.— 

This body is best propared by distilling butyrate of ammoniiun or butynunide with 
anhydrous phosplioric acid : 

C^H»NO* - 2HK) - 

Batjrate of Butyro- 

BrnmoDium. nitrile. 

It is a transparent colourless oil, of specific gravity 0*796 at 12*6° C., and boiling at 
118*6^. It has an agreeable aromatic odour resembling that of bitter-almond oil It 
dissolves in boiling potash, with evolution of ammonia and formation of butyrate of 
potaasiom: 

+ KHO + HH> « C«H'KO* + NH». 

Butjrro* Butfrste of 

nitrile. poUsslum. 

E.A 

BUTTKVBK AJfTZBBOM XJL A name applied to trichloride of antimony, on 
account of ita butte^ consistence and Visibility. Other chlorides of like oonsistenoe 
have also received similar names, e. g, BtUgrum sfanit^ Butgrum nnet, ^ 

ImmmusZDa Syn. of Bumn-UBBA. 

BIFTTAIl*. — The radicle of butyric add and its derivatives. The fol- 

lowing compounds of it are known : 

Bromide of butyiyl C*H’O.Br 

Chloride of butyiyl C^H’O.d 

Iodide of butyzyl C^H'O.I 

Hydride of butyryl (bntyrie aldehyde) . . . dH’O.H 

Oxide of bntyiyl (batyne anhydride) • • , (C^HWP.O 

Hydrate of butyryl (butyric add) . . . C*H*O. H.O 

Butyiyl-piopyl (butyrone) C*H»O.C"H' 

Bu^iyl-urea or butyral-urea .... N^C0)*,H*.C*H®0. 

The name butyryl has likewise been applied to the hydrocarbon aomerimes 
regarded aa the radidc of butyric acid. 

Bbomim OF ButniTL, dH’O.Br, is pioduced by the action of bnmude of phosphotna 
on botyrie acid at 0., jnuined by washing with water and lecliflcatiOB. 

(Bdehamp.) 

Cw4WWTMi OF Bpttbtl. dH^O.CL «>*This body, lifa* iti InmMilagnc^ ddenide of 





aicetyl, ki^Kodneed I7 tiui ftetioa of I atozydiloridd of phoophonit on 3 at but^to of 

vodtitit • 

9C*H>NaO* + POa* - »C«H'OCl + Nk'PO*. 

B Wyra Uof OxwMt^ OUbrldcor Pkowtata 

toitaa. «r|A(iiiphMiM. Mml. vThIu^ > 

The powdered bat3rrate if gradually added to the <u^chloride contaiiied in a retort; 
for if the ozyddoride were at once poured on the butyrate, a large quantity of anhy- 
dfoua bu^rric acid would be formed. The mikture ia diatilled, and the liquid diam«> 
late rectified orer a amall quantity of butyrate of sodium, the temperature b^ig kept 
tB low as possible, in order to prerent the anhydrous acid formed during the leotifioa- 
tion from distilling over with the chloride. 

Chloride of butyiyl ia a colourless, mobile, strougly refiwctbg li^d, hoarier than 
water, and fuming slight^ in the air. Its boiling point is 96^. It has a jmngept 
odour like both butyric and hydroohlorie acids. It ia immediate!^ deoompoaed water 
into hydrochloric and butyric acids : 

c-H^oci ^ mo . cm*o* + hcl 

Chloride of Butyric 

butyryl. ectd. 

With butyrate of sodium it yields chloride of sodium and butyric anhydride ; 

C*H»OCl + C^H^NaO » NaCl > 

With ammonia it yields butyramide and hydrochloric acid : 

CWOCl + NH* - C*H»O.H«.N + Ha. 

loDiDB or Butyktl, C^H^O. 1, produced by distilling butyrate of potassium with 
ioditie of phosphorus, is a brownish liquid, which melfi in contact wuh the air, and 
boils between 146^ and 148^0. (Cahoura.) B.A* 

aUTWaVli-inUBA. See CmBAifiDB. 

XirJUCWfl. An alkaloid said to exist in all parts of the bok^tree (Buxtu $mpef^ 
ifirensJ) According to Faur4 (J. Pharm. xvi. 428) it is obtained aa an uneiya** 
(allisable muss, by ^ilinp; the aqueous solution of the alcoholic extract of the baric 
with magnesia, exhausting the resulting precipitate with alcohol, decolorising with 
animal charcoal, and evaporating. According to Couerbe (J. Pharm. Januaiy 1834, 
p. 51), it may be obtained in the crystalline form ly treating the sulphate wito nitrio 
acid, whereby an admixed resin is destroyed or rendered iiwolable^ and precipitating 
by an alkali 

Buxine has a bitter taste and excites sneeaing ; it blues reddened lilmut-paper ; is 
nearly insoluble ia cold water; dissolves readily in alcohol, sparingly in ether; insoluble 
in alkalis. It is decomposed by nitric acid. Its salts are more bitter than the base 
itself^ and yield a gelatinous precipitate with alkalis. The sulphate is said to form 
crystalline noduleS. 

Trommsdorff (Tromm. N. J. xxv* [2] 60) obtained from boz-IeuTes a substancsi 
probably identical with Fauri's buxine. 

snSKIUTB. A name applied to the fine capillary implanted crystals of aeti* 
nolite, found on the St Oothard and in the TyroL 

BTMnna MTTIU. The bundle of threads by which the common nmscle 
edulis) adheres to other bodies, consists, according to Sobarllng ^Ann. Ch* 
Pharm. zlL 48b of a mass resembling homy tissue, contamuig a small quanuty of hL 
According to Laviae (J. Oiem. tdSL xii. 124) it contains me salts which oceuf in 
sea-water. 

anrarawnxm A grannlar massiTe mineral ooeurriiig in Ism boolldm nenr 
Bytown, Canada West The grains hsTO one perfect cleavage and indicdlioBa if 
another oblique thereto. Hamese -• 6 to 6'5. Speeifle gravity 2*80 (Thomson^ ; 
2*733 (Hunt)u It hat a gieemsh-white colour and vitreoue Inslm^ ^ ^ 

eleava^ mxraet. Translucent Aocoidix^ to Thomson (J. pr. Chem. via 4891 it 
contains 47*37 ptfi* cent silica, 29*63 afatmina, 9*0^ Hme, 7‘fi sodit 8*37 fimons oxide, 
0*2 magnesia, whence it appears to be a variety of barsowite (p. 317), the alumina beiiig 
partly replaced by fenie oxide and the lime by soda. T. S. Hunt (StlL Am. I- m 
xii 218) isgards it as a varie^ of anorthite, A dark blnieh^gresn granular adnml 
or rodfc fipmn Perth, Canada, wludti has been called BytowniK ii eojuddcfed ly tlia 
sema ^ <w lijtownita and homhlendn. 
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CABBAGE — CACAO. 


C 

VAMWUMWm (See BaASSioe.) — ^Infusion of red cabbage, obtained lyr pouring hot 
water on the leaves, is a oonvenient teat for acids and^ alkalis. certain qnanti^ of 
alkidi, just sufficient to neutralise the acid in the juice, turns it blue ; any fiirther 
quantity changes the blue to green ; and acids turn it red. 

CMkBBAOZXmk A bitter principle, obtained from the cabbage-tree (Geqjfi-i^a 
inermia^ or Q.jamaiGenH8\ aiso called Jamaicine {q, v.) 

OAJBOCliffi* A mineral resembling red jasper or felsite, found in the diamanti- 
ferous sand of the ptovince of Bahia. It has a density of 3*14 to 3*19; scratches 
glass slightly ; turns white before the blowpipe, but does not melt ; dissolves partially 
m warm strong sulphuric acid, leaving a white earthy residue, which dissolves in the 
acid at a higher temperature, and u precipitated therefrom by water. Damour 
(L’Institut. xxL 781 found in the red massive mineral, phosphoric acid, alumina, lime, 
baryta, ferrous oziae, and water. 

C3IACMLO. The seeds or leaves of the T^broma cacao and other species of the 
same genus (Nat. Ord. Siterculiacea), natives of South America and the West Indie^ 
which are extensively cultivated in those countries, and in the tropical parts of Asia 
and Africa, are remarkable for their nutritive properties, and yield the well-known 
substances, cocoa and chocolate. They contain large quantities of fatty matter and 
vegetable idbumin, and about 2 per cent, of an organic base, ehcobromine, 
resembling caffiaine. The ash is very rich in phosphoric acid. Shelled beans of good 
quality ea&bit, before roasting, the following composition per cent : 62 cacao-butter, 
20 albumin, fibrin, Ac., 2 theobromine, 10 starch, 2 cellulose, 4 inorganic matter, and 
10 water, besides small quantities of colouring matter and essential oil. (Payeii, 
Trait4 de Pelouze et PrAny, vi. 629.) 

Cacao-beans have also oeen anal^ed by Tuchen (Inaugural Dissertation, Got- 
tingen, 1867 ; and by A. kCitacherlich {Ver Cacao una die Chocoladc, Berlin, 1869), 
wiui tbe following results : 




Tucheu. 

Mitichorllcb. 


SurU 

nam. 

Caracal. 

Vara. 

Marag. 

nan. 

BS 

— ■ — 

Gnaya. 

quil. 

Caracal. 

Theobromine 


o-aa 

OM 

0-55 

0*66 

0*38 

0*48 

1 9—1 *5 


C«c«o*red . 


466 

6*61 

6*J8 

618 

6*56 

63i 

3*5— 5 


Cecao-lmtier 


3e*ss 

86*97 

36*08 

84*48 

3«*25 

36*42 

45—49 

46—49 

Gkttle 


S*!W 

a-M 

8*21 

2*99 

8*18 

8*15 

13—18 


SUrch • 


0-fcS 

0-M 

0*62 

0*38 

0-79 

0*61 

14—18 


Gum • • 


1-58 

0*69 

1*19 

0*78 

0*63 

0*61 



KXtrectIre matter . 

8-44 

4*18 

6'88 

6*#.l 

882 

5*48 



Humlo acid 


8*»7 

ran 

938 

8*63 

6*08 

9*35 



Celluloee . 


80-A0 

30*00 

98*66 

30*91 

99*77 

3986 

4*8 


Anil . 


s*<a 

3*00 

9-91 

8*00 

8*99 

998 

3*5 


Water 


6*20 

6*01 

0^06 

853 

5*48 

4*88 

0*6~6'8 


atarch-iuiMr 


w 






0*.34 


Caiie-«u|Mr 


■ — 

— 

— 

1 — 

— 

— 

0*96 




98*38 

99*08 

99*48 

99 38 

99 19 

99*84 




Mitsriisrlioh’s results do not differ from those of Fayen, more than mmht be ex- 
pected in the analysis of diflerent varieties ; those of lichen, which dirar widely 
both the preening, probably refer to the unshelled beans. 

The starch of cacao-beans exhibits granules of peculiar form, quite distinct from 
those of the cereals and lemminosaa ; by this means, the fiour of either of the latter 
be detected when used to adulterate chocolate. 

The ash of the shelled beans has 'been analysed by Letellier (tj^etonae et PMny, 
ipa, and by Zedeler (Ann. Ch. Pharm. Ixxviii. 348]^ with the Ibltowiiig results : 

B?0 , Na*0 Ca'^O MgfO SO* CO* P»0» 3Fe»0»J*K>* Cl SiO* 

83*4\,^ 11*0 17-0 4*6 1*0 29*6 0*2 3*3 (I.etallierV> 

3M4 V23 2 9 16*0 1*6 1 2 39*8 0*17 1*7 (Zedeler). 

The kemsla of the theobroma are used as an article of nutrinMCit, either in the 
natural state, or pr^aied in various ways. The simplest and best form is of the 
seeds roughly eramd, teuiied ooooa-nt^ which, however, reouiie two hourf boiling* 
MS, owing to thepeeuiinr ai||W» of the inner seed-coating, which paasee duwn into the 
























CACS^AOUA-^CAGOTHfiLINE. tOl 

flal}stoDoo of the eotylo<loii8» the prolon^^ application of heat and moiatnie ia necesmiy 
to disBolye the oontenta. JP^akihcocoa is merely the seeds crushed between lollm* To 
prepare ekecolatr, the beans, after being carefully picked, to free them firom moul^ or 
vom-eaten ones, are gently roasted over a die in an iron cylinder, with holes in the 
ends to allow the yapour to escape. When the aroma begins to be well developed, the 
process is oonsidered complete. The beans are then turned out, cooled and fteed from 
tlieir husks by fanning and sifting. The husks, which often amount to tO or 26 per 
cent of the beans, should not be thrown away, as they contain half their weight of 
fhiiuble or mucilaginous matter, which yields a tolerable nutriment The seeds are 
then conrerted into a paste, either by trituration in a mortar heated to 130^ F., or move 
generally by a machine impelled by steam, and the paste is put into moulds and sent 
into the market ; it always improves by keeping. Sometimes the beans, before being 
K>;i Sited, are left to rot or ferment in heaps, in order to Boparato the kernels from the 
soft pulpy mass which surrounds them in the fruit; 

The chocolate of different countries varies according to its mode of preparation, and 
tlie ingredients contained in it. When the kernels alone are used, or only a little sugar 
iwa 4 l«lt‘d,tlie chocolate is called Chocolat de sante.” But vanilla, cloves, cinnamon, 
and othev aromatics, are friH^nontly added; also rice, almonds, starch, &c. Simple 
chocolate is mostly preferred in this country, the j^rfumed sorts in France, Italy, ara 
Spain, where the consumption is immense. (See Ure*B 2>ictitTnary of Arts, Alanifac* 
itirts , and Mines, i. ; also Penny Cyofopadia, art. Thuobuoha.) 

Cacao-butter, or Cacao-fat, is extract^ from the beans by pounding them in a slightly 
heated mortar, till they are reduced to a pulp, then adding a small quantity of water, 
and squeezing the pulp in a cloth between two plates of metal previously heated to the 
temperature of boiling water. It has an agi^eable taste and odour, is white, senrf- 
transparent, insoluble in water, soluble, esjieeially with aid of heat, in alcohol, ether, 
and oil of turpentine. It has tlie consistence of suet, mdta at 30^ C., but does not 
resume the solid state till cooled to 23^. It consists chiefly of stearin, with a liUle 
olein. It is used more in France than in this country, for inakii^ soap, candles, and 
(tommade. The soap made from it most not be confounded with that made from 
ciH^a-nut oil, which is a veiy different product, obtained from the cocoa palm {Oucos 
nueiftra), 

Cacao-red is the colouring mutter of cacaodieans. It is separated by precipitating 
the aqueous or alcoholic decoction of the beans with acetate of lead, and decomposing 
the waslied precipitate with sulphuretted hydrogen. The solution thus obtained is 
neutral, has a bitter taste, and yields lilac or greyish precipitates with acetate of lead 
and protochloride of tin ; dark green, or brown-green, with ferric salts; and green ol 
various shades, or sonietimes violet with ferrous salts ; the colour of the precipitate 
varies in each case, according as the cacao red in the solution is more or less mixed 
with other substances. 

The solution of cacao-red absorbs oxygen during evaporation, and becomes acid, the 
colouring matter being in fact converted into a kind of tannic aci^ This modified ci^o- 
red gives, for the most part, green predpitates with iron and lead salts ; that obtained 
from Guayaquil cacso, gives pale reddish preci^pitutcs with acetate of lead iukI with 
lime-water, reddish-white witn sulphate of magnesium and ammonium. It ia preci- 
pitated by gelatin, whereas unaltered cacao-red is not. 

The alteration produced by the roasting of cacao-beans» appeam to alfeak tha eieao- 
red more than any of the other constituents. 

eAcnA3bA.airA, or CAJTCKJl is the l^uth American nama of tha 

Ckironia ehilensis, a gentianaceous plant, which, according to Bley (Arch, Fhann. 
3ULXvii 85), oontoinB resin and a bitter principle. 

OACmo&OWIK Avariety ofOPAL( 9 . a.) 

CACBOWAnZO* or OAConnno Acai». 

OACOBTAi See Anamnnas ov Hxthtl (p. 403). 

^ OACMMTBB^OrB. C*^**NK)* — C"H»*(NO*)*NK>*.~A product of ^ daoompo- 
sitioD of bradna Jtediitrie add (p. 682). It paray swaratec in orango-ydlo# enrstaUm# 
6akea alter the has ceaa^ and an aoditionaf quantity may be obCuned by pnh 
ripitatiiig the red Hqiior with aloohoL From a solution in water strongly sddalated wifh 
Bttrie a^ it asparatea ia ydlow scales. It is but veiy mringly aohible ia boHing 
vater, atOl less in boding ateohol, and insdnble in ether. When lifted, it deflfrsipoiea 
■oddealy, in the manner diarmeteristic of nltro-eompottndi. Eaqposed to diflUiedl||i^t 
UK a aft(Mi|Mred bottle^ it soon beeomas dark brown on the snrihee. Potash dtarolvee it 
^Kunly, fonmiig a ydlowuh-brown liquid. Ammonia dissolves it imniediately, ibnai^ 
» jutoir Jiqiiid, whidi on boQhig changes flrst to green, afto^sras to broi^ ^ Oaea* 
ibaUue gnitca with nketdltic oxules: with baryte, it forms a soluble 
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taising 2C^n»NH>*.Ba"0. It eombines also with nci(is» but the salts an dwoB^ 
poeed oy water. When tetwtcMotid^ of plotif^wn, is added to a solution of eaoothelim 
in Irydroehlorie acid, the liquid, after a few hours, yields a ciystalline precipitate coit. 
taining 4S per cent, platinum « 2(C®*H**N'‘0*.Hdl).PtCl*. 

When cHoatheline is left for some hours in the red nitric solution in which it has 
been formed, it changes into another body, which has the colour of chrome-yellow, it 
insoluble in water, and explodes when heated. (Strecker, Compt. rend, xa xis . 62.) 

OAOOaLanrB. A native ferric phosphate, found in the Hrbeck mine^ near 
Zbiron in Bohemia, iu radiated tufts of yellow or brownish-yellow colour, becoming 
brown on exposure. Specific gravity • 3*38. Hardness * 3 — 4, Of the following 
analyses, a and b are by von Hauer (Jahrb. geolog. Heichsanst. 1864, 67); e by 
Bicnardson (Thomsoirs Mineralogy, i 476): 


a 

b 

e 


P*0* 

Fe*0* 

H*0 

Ca-O 

Mg-O 

SiO* 


19*63 

47*64 

82*73 

— 

— 

— ar 

100 

26*74 

41-46 

32*83 



SI 

100 

20*6 

43*1 

30*2 

1*1 

0*9 

2*1 - 

97*9 


a and c agree nearly wiUi the formula 2Fe*0*JP*0*+ 12 aq., or 3/e"0.(fif*yp*0^-^ 12 aq. 
The analysis 6, which, however/ is said by von Hauer to have been made with less pure 
material, approaches more nearly to 3Fe*0*.2P*0» + 20 aq. Former anidyses by 
Steinmann, which showed 10 — 11 per cent, alumina, were doubUoss made with impure 
specimens. (Bammelsbeig's Mineralehemie, p. 331.) 

OJLOTini. Vogel obtained ftom the flowers of Cactus speetosus^ by extraction 
with weak alcohol, 30 per cent, of a carmine-red dye, insoluble in ether and in ab- 
aolnte aloohoL The petals, after the removal of this substance, yielded to a mixture 
of alcohol and ether, ftom 6 to 10 per cent, of a scarlet substance. Both these coloui'- 
iug^matters are soluble in water. (J. Pharm. xxii. 664.) 

Field (Ghem. Soc. Qu. I. iii. 67) has analysed the ash of a species of cactus (not 
named) growing in Chili. The fresh plant yielded I ‘36, the dry plant 16*79 per cent, 
of ash, contajmng in lOQ pts. 67*16 pts. of soluble and 42*73 of insoluble salts. The 
air-dried plant yielded 86*09 per cent water. The composition of the ash per cent, 
is: 7*83 K*0, 28*19 Na*0, 10 66 Ca't), 7*76 ]%"0, 0 34 Mn«0*, 6 09 SO*, 16 49SiO% 
6*40 P*CP, 1*38 phosphates of calcium, magnesium, and iron, and 14*87 NaCl. 

CJkBBXW JPUMLXBO' UQim. See Absbvidks of Mkthyi. (p, 403). 


A very pure kind of gamboge, probably from Hebradendron cam^ 

bogiiudM, 

CIASIUVM. SymhfdQ^» Atomic weight 112. Atomic volume in the gaseous 
state 1. 

This metal is frequently found associated with zinc, and derives its name from md- 
mia fossiliSf a denomination by which the common ore of zinc was formerly known. 
It appears to have been discovered about the same time (1818) by Stromeyer (Gilb, 
Ann.a. 193) and by Hermann (t6uf. lix. 96, 113; Ixvi. 274), but its more exact 
investigation is due to Stromeyer. 

Cadmmm occurs in small quantity in several varieties of native sulphide, carbonate, 
and sUieiitOEof sine, viz. in the radiaM blende of Praibram in Hungary, to the amount 
of 2 or 3 per cent.; in the blende of Nuissi^re, to the amount of 1*14 percent.; 
in silicate of sine from Freibeig and from Derbyshire ; in carbonate of sino from 
Mendip ; in carbonate and silicate of sine from the Cumberland mines ; in the sine 
ores or the Harz and of Silesia. .The zinc flowers obtained as a secondary product in 
the smelting of the Silesian ores, contain, according to Hermann, as muira as llj^r 
cent, of cadmium. Gomilieteial English sine frequently also contains cadmium. The 
only pure native compooail of eadiuum is the sulphide called OrtenocJtite, found at 
Bishopstown iu Benfrowshtre, 

the process of reducing oree of sine, the eadminm which they 

^4. p^ucts of distillation, pwii^to its greater voh»- 

sepmted from sine in au acid solution by^ewhydiic acid, whidh 
eadmiunras a yellow aulphidsi Thia sulphm .^ssolvee in eoae» 
acid, aflRirding the chloride of cadnium, from which the mdMifijb 
by au excess of oailxmate of ammonia, Oiaiimiiate of cndnuuiill 
bw Ignition into the oxide ; and the latter jial^ thenmil when mixed with 
1 h^ of pounded coal, and distiUoa in a glass cf ^gj^dbin lotov^ «i 

-— Oadmiuih^ a white metal, with a siUp^t tiimof tilne^ It lusi w 
and takes d frne polish; hj exposuBaJO the air, it gfadns'lj acqpirai fr 
ilsfi. It has a oompi^ texture. ittmbrous fructm^ and 
octahedrons. It is soft, thonPI harder ind more te: 



^tneted 
nay >6 




CADim^r • Aiiiua«.^<cnaix]fin^ 

tiB ; v«*y flexible, mid cmMm like ttit ^en bent; Teiy mtteiible bad dtietik. Its' 
speetfle gmTity i«, after fneion, S'flOt. after bammering, S*6944. ^pedfle heat 0*00669 
(Kegnaalt), 0'06|6 (Bulong and Petit^ Ciidmtnm melte below a red heilti^iid 
Tolatilieee eomewfaat Mow the boiling point of merenrj without emitting any^b^ * 
ticular odour. The density of its rapour as determined by experiment at lOitP 0 . is " 
3'94» referred to air as unity (Derille and Troost, Ann. Ch. Pharm, cxiii. 46). 
Kow the calculated value for a condensation to 1 toI. is found by multiplying the 
atomic weight by the density of hydrogen — 112 x 0*0693 « 7*76. Hence cadnunm- 
rapour forms an excej^ion to the usual law of condensation (p. 441). 

Oadmium dissolves in hot hydrochloric or dilute sulphuric add, taking the place of 
the hydrogen in the acid ; but its best solvent is nitric acid. ITio bromidet iodide, 
and many of the organic salts of cadmium, the acetate for example, are soluble in 
water ; the rest, the carbonate, borate, phosphate, and arsenate, are insoluble in 
water, and are obtained by precipitation. Most cadmium-salts are colourless ; they 
have a disagreeable metallic taste and act as emetics. The solutions, even of Uie 
neutral salts, redden litmus. Tliose cadmium-salts which are insoluble in water are 
soluble in sulphuric, hydrochloric, or nitric acid, also in ainmoniacal salts. 

Cadmium, m nearly all its compounds with electro-ne^tire elements, plays the part 
of a diatomic radicle, the chloride being Gd^GP, the oxide Gd"0, &e. 


OABimTBK« A&XiOM OV. But few alloys of cadmium are known. 100 pts. 
copper retain at a red heat 82*2 pts. cadmium, forming an alloy having nearly the 
composition CdGu^ It is very brittle, has a fine-grained scaly structure, and a 
yellowish white colour. Witli mercury^ cadmium forms a hard, brittle, silver-white 
amalgam, which erystallisoa in octahedrons, and contains 21*7 per cent, cadmium 
CdHg*. 100 pts. platinum retain at a red heat 1 17*3 pts. cadmium Cd*Pt. Tlie 
alloy is almost silver-white, very brittle, very fino-graiuM, and refractory in the fire. 
(Stromeyor.) 


OF. CdBr*. — Cadmium absorbs bromine-vapour at 

a heat near redness, forming white fumes of the bromide, which ^crystallises on cool- 
ing, and when strongly heated sublimes In white naeroous laiuium. The kydraied 
h^mide^ CdBr^H’O, obtained by dissolving the oxide or carbonate in hydrobremit 
acid, forms white dfiorescent nemles, which give off half their water at 100^ C., and 
the rest, without melting, at 200^. 

Bromide of cadmium forms ciystallino compounds with the bromides of potassium, 
sodium, and barium. The barium*ealt, GdBr«.BaBr« + 4iw., forms laige, shining, 
colourless crystals, isomorphous with the corresponding chloride. A solution of the 
bromides of cadmium ana potassium in equivalent proportions first yields crystals 
containing GdBi^.KBr + faq., afterwards crystals of CaBr‘.2KBr; both compounds 
msemhle the corresponding double chlorides (C. r. Hauer, J. pr. Chem. Ixiv, 477 ; 
Ixvii. 169). A solution of equivalent quantities of bromide of cadmium and bromide 
of sodium yields the compound CdBr^.NaBr + faq. in small, shining, six-sidef| 
tables. (Croft, Chem. Gaz. 1866, p. 121.) 

OAJSMXinK, OV&omnx of. CdCl*. — A solution of oxide of eadmimo 
hydrochloric acid yields a crystalline hydrated chloride, CdCP.2IPO ; and this whft0 
fused yields thp anhydrous chloride in the fonn of a transparent, liiminatia; 
miiss, which melts at a heat below redness, and sublimes at a higlmr tem p si mwiy in. 
transparent micaceous lamine. 

A solution of chloride of cadmium mixed with excess of ammonia yields, by^spon- 
taneoua evapomtion, diammoniooAloride of cadmium^ 2KH*.CdCl*, or eklorids ijf 
cadmammonmm, (ll*H*Cd'^Cl*. — A hexammonjo^hlorids of cadmium, 6HH*.pdCl*, m 
obtained by exposing dry pulverised chloride of cadmium to the action of gaseous 
ammonia. It gives off f of its ammonia when exposed to the air, and is OGnverisd 
into tito preceding componndi ^Croft, PhiL; Mag. [8) xxi. 355.> 

Chlori^ of eajunmm forms c^italline oompounds with the ehioridea 
metale. These compounds, which hare been partienlarlT studied 
(£* pr. Chem. Ixiv, 477 r hevii* 169 ; Jahresber. f. Ohem. 1866, p. 

Cbm. Soe. Cln. J. crystallise by evapomtion ftom 

component ehlorideintrl^ fidlowing^have been obtained : *■ '■ ^ 

smHNOfilttm-smA, + an., crystallises m slewds^^HiWiisr^m 

f ^eld|^ spewtaaijows evapueation tMasparent shining 

J^teites-sgi^^kCLCdC^^ cr irp 

cvapomtiori^ iIh m solntieg^^fll ^ at diloride of ' * 

in fla4 rilky Bcw dl s % iflueli give off tlisirwi^ 

EwuMlt andilve riilorina. jpm 

b 6 fit chlesm tn i at chtorida 
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taneoiu enpomtioD, tlie salt 4KCl.Cd01*, laige limpid eryetala, Mmewlttl !u( (T) 
Aolnble tluin the preceding. 

Sodium-si^l, 2NaGI.CdCl* + 8aq. (air-dried).—- Small, turbid, watery layrtab, 
which gire off 1 at* water at 100® 0., and the remainder at 160®— 160®. 

JBafiu 9 Male. SaOl^^CdCl* + 4aq. — Separates from a solution of equiTalent qum- 
titles of ^e two ehlcmdes, in large shining crystals, which are permanent in ^ air, 
lose half their water at 100® 0., the rest at 160®, and at a red heat gire off part of 
their chlorine, and melt to a colourless liquid, which does not cryst^Mse. Aceordingto 
Bammelsbezg’s determination, the ciystais are monoclinic, the obliquely inclined aim 
m^lciti g an angle of 76^ 46'. Batio of the cli nodiagonal, orthodiagonal, and principid 
axesa 0*8406 : 1 ; 0*6128. Observed faces, oeP.ooPo8.(ooPoo), + P.—P , uP . 
(2P oo). Inclination of faces, oo P : co F a» « 140® OO' ; oe P : OP = 101® O' ; OP : + P* 
137® 40'. 

Strtmtiumsalt SrCl*.2CdCl* + 7aq. — Crystallises from a solution of 1 to 2 at. 
chloride of cadmium and 1 at. chloride of strontium in transparent, colourless^ 
acuminated crj*stals. 

Calcium-mlts . — A solution of 3 at. chloride of calcium to 4 at. chloride of cadmium 
deposits the salt CaGP.2CdCP -i- 7aq. in deliquescent bevelled prisms, arranged in 
stellate groups. A hot concentrated solution of 2 at. chloride of cadmium and 1 at. 
chloride of calcium deposits, on cooling, large deliquescent crystals of the salt 2CaGl*. 
CdCl* + 2aq. 

Hiagnmum-salis , — A solution of 1 to 2 at. chloride of cadmium to 1 at. chloride of 
magnesium yields MgCP.2GdCP •«* ]2aq. in large transparent crystals. Pram a 
solution of 2 at. chloride of magnesium to 1 at. chloride of cadmium, the salt 2MgCP. 
CdCP + 24eq. sepirates in deliquescent tabular crystals. 

Manganese-salt MnCP.6CdCP + 12aq. — Crystallises from a solution of 2 at chloride 
of cadmium and 1 at. chloride of manganese, in pale rose-red or colourless i^ms. 

Iran-salt. FeCl*.2CdCP + 12aq. — Crystallises from a solution of equivalent qnan- 
titles of the two chlorides, in colourless prisms, which soon turn green and yello^ by 
exposure to the air. 

€obalt-salt GoCP.2CdCl* 12aq. — Somewhat deliquescent prisms, of the oojlpttr 

of chloride of cobalt 

Mekel-salts. NiCl*.2CdCl* > 12i^. — Crystallises by spontaneous evaporation from a 
solution containing the two salts in the r^uired proportions, in dark green prisms; 
and the mother-limior, or the original solution, if it contains a slight excess of chloride 
'Of nickel, yields 2NiCl*.CdCl* +. 12aq. in large, dark g^en, rhombic prisms. • 

Capper-salt CuCr-*.CdCl* + 4aq. — CrystaUises from a solution containing equi- 
. Talent quantities, in slender shining prisms, grouped in tufts, green when moist, blue 
'when dry. '' 

Chlonde of cadmium forms double salts with the hydrochlorates of many mganie 
leOM. Greville Williams (Chem. Gaz. 1855, 460) 'obtained the 
GVK.HCl.OdCP, as a hard crystalline mass; and other compounds have been 
Obtained by J. Galletly (^. N. Phil. J. iv. 94), viz. : 


Ciiwhonins-sali. 2(C«>H«K»0,KCl).CdCl* + uq. 

Mati^-salts. 2(C* VKO*.HCl).7CdCl» -i- 4aq., and C»H*KO».Ha.CdCl* -h |aq. 
Usm&t^-salt Semi-ciystalline, sparingly soluble^mass. 

Via^e-salt, 2(C-H'^K*.2HCl).6CdCl*. Crystollisable. 

liStti^ine-saH, 2(C’H®N.HCl).3CdCl*. Very soluble feathery crystals. ♦ 

IHps^s-Salt 2(C**H**N*O*.2HCl).0CdCl* + 6aq. Straw-yellow needles, 

StrpSJInine-salt 2(C-’H’'"N*0*.IICl).CdCl*. Sparingly soluble in water. 

roTuidins-salt. 4(C’H»N.IICl).3Cda* + 2aq. Very soluble scales. 


BvraoTxow juni aBTZM42gzov or. i. Blovfips Be- 

^All cadmium-compounds, when heated on 'dhnsoofd in the inner blowpipe 


^fespoi|.ni^ oxide will be formed. Much longer hesti^ is reqmred fbir tlM * 
itl^a^uiAb-oxide. With harsa and wieroeosmie sakt eadmic codde forms s bond 
^isylmsw ' ^ 

Etigdid psacti^ns.-’-I^nq inUBecsed in a soliQ^ioi^s eadniif Salt, doS^ 

Un ■ySuMgdrie acid ipamsedr 

add is pn^^tates %e whole^of lif 

inm lb of suQdiidSi which hiura lenoh^yelW colour at bul 

■ ■■ 
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jum ftom W3\ 

vhite liyd»1» of Vtacy ^ludty tmlAv ui a ilight eaMiaOf mmauKi^ luit iii«* 

cK>luble m potnah w Boda., Mpbydrie aci^&ewisB pree^iU^ mdj^da of 
£iom tho aoliitton in «ce®ii of ammonia. - Tna tuutral and imtci oomiMiAw of 

p^iamum^ and sodium throw down white taurbonate of cadm^ maplnhlo in 
excroa of the alkaline carbpnatea. If the salt conttfina a lai|^ ^iiUtr of ^ acid, 
the precipitate diasolTes in exceaa of carbonate bf ammonia, ont not othcrwiliie (Stro- 
mover). I^koapkais of sodium throwa down white phosphate of cadmimiL Ojtalic 
a<^ and alMins cualatss precipitate white oxalate of cadmium, insoluble in alkoUno 
oxalates, but easily soluble in ammonia. The white precipitate produced by forre- 
et^anids of foiassium, uud ^e's^ow p^pitate produGed bj the /smeyentos^ are 
soluble in nydrochloric acid. The ^mtion of hyposulphite of sediuin and hydro- 
chloric acid does not produce a precipitate of sulphide of cadmium ; neither is any 
precipitate produced by chromic acid, succinic acia, alkaline benzoates, or tinciure of 
galls. / 

Cadmium is the only metal which forms a yellow sulphide insoluble in sulphide of 
funraonium. 

3. Quaniitative Estimation. — Cadmium is best precipitated fri>m its solutions 
by carbonate of sodium ; it is thereby obtained as a carbonate, which, by ignition, yields 
the brown oxide ooutaining 87*5 per cent, of the metah 

4. Ssparation from otkor Eloments . — From the metals of the second and fourth 

^ and from all non-metallic elements except selenium and tellurium, cadmium may 
^ irated by sulphuretted hydrogen ; from Silmium^ tdlurium^ and tlie metals of 
Cmiip 1, Subdivision A (p. 217), by the insolubility of its sulphide in sulphide of 
ammonium. The sulphide is then dissolved by nitric acid, and the cadmium precis 
pitated by carbonate of sodium, as above. 

From oismuth, lead, and mreury, cadmium may be sopra^ by the solnbilitv of its 
jkide in ammoma, or of its cyanide in cyanide of jpotawium : from lead also by sal* 
piuwic acid, and mercury by precipitating the latter in tlie metallic state by protor 
chloride of tin. From palladium, it is also separated by the solubility of its cyanide 
in cyanide of potuium ; from silver, by precipitating that metal as chloride. l?Vom 
copper, cadmium is separated by carbonate of ammonium, an excess of which re- 
dissolves the cooper and not the cadmium: or better, by treating the solution of the 
two metals witn excess of cyanide of potsssium, which precipitates and redissolvos 
them both, and passing sulphuretted hydro|^ through Ime liquid, whereby the cad* 
niinm is precipitated, while the copper renumm diiwol^. tSee Coppin.) 

5. Alpmie Weight of Cadmium. — Stromeyer found that 114'862 pts. ptotoddms 
of cadnuum, Cd^'O, yielded 14*352 O; whence 14*352 : 100 10 \ Cd| and Qd nS 

IGOO 


14*302 


*■ 111*4. Pumas (xlnn. Ch. Fharm. cxiii. 27)« from the 


experiments on the quantity of nitrate of silver required to precipitate the 
from chloride of cadmium, found for the atomic weight of oacfmium numb^ vaijfm 
from 111*73 to 112'7B. He regards 112 as very near to the true value. ^ / 

dABiminc, niroXZBS or, CdF*, is depositil from the aqtsow solution ok 
evaporation, in white, indistinctly ciystalUno cruifts. It dissolves sparingly ^ 
water, more readily in aqueous hydrofiuoric acid. (Berzelius.) 

OABMItlBK, tOOJCOB OB. Cdl*.— Prepared ei^er in the dry way, cf by 
ing cadmium with iodine and water. Crystallises in large, transparent^ lug 
Ub^ which are not altered by exposure to the air. It melts easily, and 
again in the crystalliue form ; gives off iodine at a higher temperature, 
readily in watef and alcohol, and crystoUiseS unchang^ from the solutions, 
dric acid swwly precipitates suUihicfo of cadmium from the noifoiiui aplaijon* 

Two ammtmiO'dodulBS of fiodfi^mu are known, vis. 2NH*.OdP, which ' 
small cnrstsls from a s61iitidti*cl iodide of (Sadminm in hot 
6N1P,(^«^ which is a white powder produced by ^tly hi 
ammonfll-gas. (Rammelsborg, Poffi. Anil, atlviu. |58.) 

Iodide of Cadmium and JPistassium,Cdl*,2tpi 4' 2aq., ei^ 
hodronsi^ isolation of thatwo iodides tn eqnttpleni propoiiioiis^ 
obui«l^4^^fI.CdIb 4 apparendyVo^g^^ 






(O’TQy fy . 

OK €kdmitm Ihh pxm^ ^ a 

Tbepritcaide disaolvlM ia 


oAOJcnnuL OJCKHiur 

ca'D, and a Bubaxide, Ca*0* ^ ^ ^ ^ 

absoiT^tion of oxjgm, and foims aalts of eoixaspo^ding eomparitionreAH 
Cd"SO*, tHa nitrate Cd"(NO*^, &c. These are indeed the onlj ealhi — — 

the snhozide wiien ti*eated with adds yields metallic eadmiitm and a prCtosidt^ ^ ^ 

8uboaid$ of Cadmium, 0d*0, Is obtained by headn^ the oxalate to a^ct the dsft» 
ing point of lead. It is a green powder, resembling oxide of chromlmn, and ip 
by heat or by aeids into metallic cadmium and the protoxide. It doi^ not ho^t«^ 
yield metallic cadmium when treated with mercniy : hence it appears to be a di ifliiifo 
compound, and not a mere mixture of the metal with the protoxidie. 

J^oioxide of Cadmium, or Cadmie Oxide, Cd'^O. — Cadmiom, heated in eCiitaetwiilk 
the air, takes fire and is converted into protoxide. The same compound’ is 
when vapour of cadmium and aqueous vapour are passed together thioqgh a nMot 
tube; but it is most easily prepared by igniting the hydrate, carbonate^ or nitrate. 
It varies in colour £h>m brown-yellow to blackish, according to the mode pf prepaiution. 
By lx>iiiiig cadmium for some time in a long-necked fiask, the oxide may m obtained 
in purple czystals. Its specific mvity is 6*9502. It is quite fixed in the fiie, and 
does not melt at the strongest white heat. It is easily reduced by charcoal before the 
blowpipe, and emits vapours of metallic cadmium, which is immediately reoxidis^ 
and forms a red or brown deposit on the charcoal (p. 708}« It is insoluble in Watery 
but unites with it, forming a hydrate. - 

Hydrate of Cadmium, Cd"K*0*, is precipitated by potash from dilute solutions of 
cadmie salts ; it may be obtained in indistinctly crystalline warty groups, by the action 
of aqueous ammonia on metillic cadmium in contact with iron or copper. It is white,' 
absorbs carbonic acid from the air, is insoluble in the fixed alkalis, dissolves i^ily in 
caustic ammonia, but not in carbonate of ammonia. It dissolves easily in sulphuric 
nitric, hydrochloric, and acetic acid. 

CADMIUM, PHOBFSZDB Ol*. Grey, with faint metallic lustre ; very brittle; 
difElcult to fuse. Burns in the air with a bright flame, producing cadmie phosphate. 
Hydrochloric acid dissolves it, with evolution of phosphoretted hydrogen. 

CADMIUM, BUXiUJBZDD OV« Cd'^S. — This compound occars in the fona 
of Qretnockite, and is prepared as a pigment known by the name of j^aune hrUtomU 
It is formed wi^ difficulty by fiuing ca^ium with sulphur, — ^more readily 
cadmie oxide with sulphur ; precipitated in yellow flakes when su^hydric acidor au 
alkaline sulphydrate is broimht in contact with a cadmium-salt. The native sulphide 
lUyetallises in double six-sided jiyramids and other forms of the hexagonal system. 
With cleavage parallel to the terminal and lateral edges of a six-sided mum. Specifle 
mvity 4*8 (Brooke), 4*908 (Breithaupt). Hardness equal to ttot of caioipan 
Of diwond lustre,. fiemi>transpaxent,honey-y^ow; yields an ozangapyelloWQr a^bw- 
red powder ; jmeomea caimine-ied when he^ed. Decrepitates when heated aonieidhat 
strongly (Brooke, Breithaupt). The artificial sulpmde, in the preripitated state, 
is an orange-yellow powder, wnicA, when heated to redness, becomes first hcoiraisb 
‘ 01:4 then oirmine-rM. It melts at an incipient white heat, and solidifies oil eool« 
ing^ in transparent, lemon-yellow, micaceous laminte. It is not volatile at any 
tempexatlire (Btromeyer). Specific gravity, of the fused artificial etdphide^ 4*605. 
(Xarsten). 

In dilute hydxochlorio acid it dissolves with difficulty, even when the acid is heated; 
but if the acid be strong, the sulphide dissolves with ease, even at ozdinazy ten^s- 
latarea, with vitdent evolution of sul^uretted hydn^n, and without sepazathtt of 
snlphur. At a red heat it slightly decomposes vapour of water ; at a white 
cou^ of cadmium is formed (Regnault)^ It disaolres in nitric add, with ordsdon 
of snlphnretted hydrogen and separation of sulphur. Very soluble in 


Cadmium appears to. fbrm with ethyl a compound 
ioaotis to sinc-etl^l ; but it has not yet Dew obtained in the pure state.^W’ankljil 
(Ghem. SOe. Qa. J, ix. 193), by heat^ eadmium-ibil with half its we^t of iodids 
disielved in an equal voluiiile of ether in a sealed tul)^ ohtaiiledd l^fdd 
orw in fiactional distillation hetwmn 186^ and 226<=^ CL, gave off first: white 6^ 
>IPs ^Inown va^ on exposure to iim m, and ifi teiBth took fire, emHtiag^a briliil 
- ^ like shic-ethyl, and was deeemposed by water, with 
a white It contained 86*8 per esat^ « 

Hanes the 

funiiM pKt eaxA of 

tdSftias of -elhylf andiperhaps certain hjdtocarbona, < 

' ^ ^ ^ v , 




-ajrtgiiisc :A>ii »M^ * lit;— 

&>i IMO'i^ Bttiiiin a^ KbijUi^'iiii (1 m W 

eeitaiB ■•]ni»’.irst« in Genfeiugr. U* eoinpoi«d6 g^va » ^MeKvaln 
two liliw HaMi aft abovft- tlio middle of the blue eiMX^ of the iMtniiM' 

motmaii the other much brighter, ehnuted more towards the wiotet aq^ It %ai 
^ thii peentiar apeetrom that the metil wee disoorered (page 2l4)> 
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cjunmam ot Tmmnm. G«H^«ir«o« or (Om. siu. %%z ; Qerh. 

I 542 .)^Cafifeine was dieooveted in coffee by Bnnge, in the year 1820 (Mafterialtett 
liut Phvtologiei 1821, L 1461 Oudry (Mag. Pharm. xiz. 491 in 1827, found in tea a 
m^fltalUne eubtanCe, which he called theine, auppoainff it to be a disdnet oomboundv 


xxxTi* 93), diseovered the same aubetance in guaran% the dried pulp of Paulmia aor- 
/^/tf ;and Stenhouae, in 1843 (PhiL Mag. [3] xxiii. 426), obtained itfrom Paraguay 
t ea, the leaves and tw^ of JUx Para^ua^en^is, The same chemist has shown (PhiL 
Mag. [4]yu. 21) that it cxiata in the leavea aa well aa in the berries of the coffee- 

E lant, l^e exact composition of caffeine was first demonstrated in 1832 by Pfaff and: 

lie big (Ann. Gh. Pharm. i. 17). Ita combinations and reactions have boon esp^ally 
studied 1^ Stenhouso (loc, eit / also Ann, Oh. Pharm. xlv. 366; xlvi. 227), mcho(* 
son (Chem. Soc. Qn. J. iii. 321), P41igot (Ann. Ch. Phya [3] xi. 128) and Roohleder 
(Ann.^ Ch. Pharm. IxxL 1 ; Ixxiii. 66 and 123). Its alkaline nature was first demon- 
strate by Herzog. (Ann. Ch. Pharm. xxvi. 344 ; xxix. 171.) 

JVfparaium. a. From Tea Coffee. — 1. The mode of extraction generally adopted is 
to treat tea or coffee with boiling water and mix the infhsion with subacetate of lead to 
precipitate the tannin. F4Iigot adds subacetate of lend in excess, then ammonia* 
The mixture is boiled for some time, the lead-predpitate carefUUy washed on a filter 
with boiling water, the filtrate freed from excess of lead by sulphuretted hydrogen, and. 
after a second filtration, evaporated at a gentle heat. On cooling, 4t juelds an abun- 
dant crystallisation of nearly pure caffeine, and an additional quantity may be ob- 
tained by concentrating the mother-liquor and leaving it to ciystallise.^ 2. Caffbine 
may also be obtained by saturating the free acid oontained in inftision of tea or cofi^ 
with carbonate of potassium ; treating the liquor with with infhaion of gall-nuts ; mix- 
ing the precipitate with diy hydrate of lime; exhausting the mixture with alcohol ; ex- 
|Kdling the alcohol from the mtrate by distillation ; and dissolving the residue in boile 
iiig water or boiling ether (Bobiqnot and Bout r on, J. Pharm. xxiii. 108).-— 8, Fiv# 

{ (is. of ground cofiee are mixed with 2 pts. of slaked lime, and the mixtuM b «x<« 
lausted with alcohol in a displacement apparatus. The extract is then driedt pulr 
Ycrisc<!, and again treated with alcohol; the alcohol separated from the extru^ by, 
distillation ; the fat oil which floats on the surface is removed ; the watery liquid is eva- 
porated to the emt^Uising point ; and the crystals of cafibine are pressed and deco- 
lorised by animal charcoal : 60 kilogrammes of coffee thus trested yielded more than 
260 grammes of caffeine (Versmann, Arch. Pharm. [2] IxviiL 148). — 4. Oroniid 
coffee is digMted for a week with commercial benzene, which takes up caffbine and^'pil; ^ 
of coffee. %th remain behind when the benzene is distilled off, and may be sepamt^r 
by hot water, which dissolves the caffeine and leaves it in lai^e crystals when eytmo- 
rated. The oil may also be dissolved out by ether, which leaves the caflfeine tiaais^ ^ 
solved (Vogel, Cheni. Centralb. 1868, p. 867). — 6. Payen exhausts coffee with 
then washes it thoroughly with alcohol of 60 per cent., concentrates the solutiona ift 

- J 1^. 4 - 1 ...... ^ ax 


Hud the upper fluid. The latter, which contains the Mstor> tsut of the calnn: 


iwdne is mixed with one-fbarth of its bulk of alcohol at 90^ and left to itself in a 
<^1 place : it then deposits crystals, which are recrystallised from aleohol. They con- 
sist, accordisg'to Payen, of emfetannate (chlorugenate), of caffeine and potsssium, slid 
when submitted to dry distillation, yidd a svlmmate of eaffeine (Ann. Ch. Phy^ lfl 
sxvL 108)<--*fl. Caflbine or theins Mng volatile, may also be prepared hy fuMlmatCn* 
For this nvrppse, waste nsdsss tea is gradndlyhestw in a suoihnatiOtt apigtfatniilto 
fhat used Ibr bensoie asijp boi nof^ asb#tsonig^y as to decompose the ^ 

Part,of tbn suWmat^ quttejpure ;"the rest nia^ be ^rifled ly recfystaUuMtlon 
water, (Kaiynsins^ J- Pf* Chem, xlix. 317^) ^ ^ ■ 

Adaofiffiw to ^ MnilN ^ extensive emee of experiments mads ty CsallAflii# 
fiten^iP^ gg^l^^hell ifibrn^^ Bok Qn. eefibe eoftainel^l^^^ 

e fat AmsM to flUs vetas!^ 

' >‘*v 




] per eeilt of caiFeine ; tm aboot 2 per cent. Sfcenlioae e (Ann. -Oh. Phaam. 

246) .obtaiiwd from a sample of black tea fcom Kimaon on the Hiinalaya^ 1*27 per (stnt 
theine, and from another sample of good black tea 2* 13 per cent. Act^rdug te 
PAligot (Ann. Ch. Phys. [3] xi. 63), Hyson tea contains from 2*2 to^3*4 mrcm^nd 
gunpowder tea from 2*2 to 4*1 per cent, of theine. According to Bobi^nct end 
Boutron {he, cit) Hartinique 6o#ee yields 0*36 per cent., Moclm cofiee 0*200, and 
Cavenne coffee 0*2 per cent of caffeine. 

р. Frem Ottarana , — Qnarana mixed with ^ of its weight of quick lime is rweatedly 
boiled with alcohol of 33^ Beck; the filtrate is.eTs^ratra a little ; the greenish fatty 
oil which separates on cooling is removed ; the residual alcoholic liquid completely eva< 
porated ; and the dry residue is heated : caffeine then sublimes, at first yellowish-whitc; 
aiterwai^ quite white. — 2. Twenty-four grammes of guarana powder are boiled with 
a quart of water; the cold solution is precipitated with basic ac^te of lead ; the bulky 
brownish-red precipitate filtered off, and repeatedly digested with hot water ; and the 
lead is separated from the filtrate by sulphuretted hydrogen. The liquid sepanit^ 
from the sulphide of lead is evaporated in the water^bath to dryness ; the residue dis- 
solved in a little boiling alcohol, filtered, and allowed to' crystallise ; and the crystals 
thus obtained are purified by pressing and recrystallisation. Guarana contains about 
6 per cent of caffeine. (Stenhouse.) 

с. From Paraguay Tfu . — The filtered decoction is precipitated with neutral acetate of 
lead and the filtrate with basic acetate (or it is boiled with litharge), and the liquid de- 
canted from the precipitate la evaporated to dryness, a tough, dark brown, hygroscopic 
mass then remaining. From this residue, ca&ine may be obtained, either by subli- 
mation, or by reducing it to powder, mixing it with Sand, and treating it with ether. 
After distilling off the ether, feebly coloured caffoine crystallises, and may bo purified 
by repeated ciystaUisation. The product amounts to 0*13 per cent, of the Paraguay 
tea. (Stenhouse.) 

[For a full account of the methods of preparing caffeine, see Gmelin's Handbook, 
loc, eiti 

Propertira , — Caffeine crystallises from water in slender needles, having the aspect 
of white silk, and containing 8*4 per cent, water of crystallisation (C*H*®N*0*+ H*0), 
which is not given off completely at 150®O. (M u 1 der). Specific gravity of the crystals 
1*23 at 19<^C. (Pfaff). It has a slightly bitter taste, and grates between the teeth. 
Hclts at 173® and sublimes completely at 185® in capillaiy and feathery needles 
(Mulder). It is sparingly solutde in cold water and alcohol, still less in ether. 
Boiling water dissolves it more freely, and the solution solidifies in a pulp on cooling. 
The crystals which separate from ether and alcohol are anhydrous. 

Di^eofivi^aitiona, — 1. Caffeine, when quickly and strongly /if, sufiers partial de- 
composition, giving off vapours which have the odour of me thy la mi no.— 2. Strong 
phuric ctcid decomposes it after continued heating. — 3, When chlorine is passed into a 
thick magma of caffoine and water, the crystals gradually disappear, and a mixture of 
several substances is obtained, varying in composition according to the duration of the 
action. With a comparutively small quantity of chlorine, the products ore amalJc 
acid, C*H*N*0‘, methylamine and chloride of <yanogcn, together with chlorocaffsine, 
0®IPC1N'*0*. The formation of the three first-mentioned products is represented 
tho equation ; 

C*H'®N^O* + 2H«0 -1. CP - C®H®N*0® h- CH*N + CNCl + 3HCL 


The Insulting liquid heated in the water-bath gives off hydrochloric acid, and a gas 
smeUiag like chloride of cyanogen, and granular crystals of amalic acid separat4N rw- 
ooeded (if too much chlorine has not. been pfassed through the liquid) by cblorociiifi^A 
in light fiocks and crusts. If the action of the chlorine be prolonged, the eompowid 
C®H*N*0* callod nitrothfine by Stenhouse, ehol^atrophane by Bochleder, and 
yfofrahanio acid [C\CH*)*N‘*K1*] by Gerhardt, is produced : 

<>H«N'0^ + a* -h H»0 - C»H*N*0» + CO* 2HCL 

AmMlieiicld. Nlirotiwioe. 

A C^idffifina boiled with hydrochdorio amid and ekloraie of potassium yields sllokaii or 
a similfr. body, the aqueous solution of which eolours &e skin red and imports to it 
m psenlisr odour. The solution p^es with ammonia the eolonr of murexi^ and with 
s]lb^ and fisROus salts the emour of indigo. — 6. Strong nitrie aeid boiled with 
OtJyne giYeSi off nitrous ftimes, and ferms a j^ow liquid, whidi assames the piu^ 
ooUmr ofaintexid on ^ding a drop of ammonia (this reaction fiirnishes a test frr 
eaffeinsX ^ the ebullition be contmued, the Hanid becomes colonriess^ no ImigsOr eai- 
fribits tlw p^tple colour with ammonis, and yidos hvevafKxratioAniystsUof^^ 
poMbanie acia (idteoteiriiie), floating fai a mother-Hquor oontaih&g * 6*1^ oi^iiatinri^ 

: aihina^^fl^ Gsfihina boiled with very strong potoskrUy ovoltes a oonsidaialile dnaii^ 
With siidadime it gives off ammonia, fixrms carbonate of feddmw 



- xyAm^ ^ 

«iirTtoii»te '4 qiiantit;^ of ^nide of «odm4i. Tlifs Mcaioai dt»- 

tiniAiBheo eaffiuao ftbm taiperino, morphiBo^ qumiiio, and oinehoniiio, which do not 
fom cyaoide of aodiam when similarly troated, (Baehleder.) 

Compound* of CuffeiniL — Caffeine is a weak hase: it diaaolyes in a^dsi forming 
salts whieh hum an acid reaction, and tm for the most part decomposed by evapom^ 

tion» caffeine fifee from acid being deposited. 

HydrockhraU tf CaffiiThe^ C*H"N*0*.HCI, is obtained in crystals by ^aolsiiig. 
raffle in TeQr Strong hydrodbloric acid, not diluted either with water or with alcoh<4 
and concentrating b^ gentle eyaporation. If either water or alcohol be added, noting 
but caffeine myS^uea out. The salt forma larm^transnarent, efflorescent ciyirtals, be* 
loniring to the trimetric system, odP . Poo . oo Poo. fndmation of the fflceS) ooP: 
oD P - SO’ : Poo : ooP oo * lie® 30'. 

ChloroauratB qfazffeinet C*H**NK>*HCLAnCl*, cryataUiaes from alcohol in oraage* 
colour^ needles (NicholaonV The dl/oromarsttnifr, 0*H“N*0*.H^CP, obtainedl>y 
miring an alcoholic solution of caffeine with excess of mercuric ehlonde, frrms needlea 
resembling caffsine, soluble in water, hydrochloric acid, alcohol, and oxalic acid, nearly 
insoluble in ether. The epanomereunUet C*H**N*(P.Hg*'Cy*, prepared in like manner 
forms prisms belonging to the dimetric system, sparingly soluble in cold water and 
nlcohoL The ckhfoplatvnaU^ 2(OH"N^O*.HCl).PtCl*, forms small distinct orange* 
yellow crystals, snaringly soluble in water, alcohol, and ether. With cklorid* of 
palladium, hydrochlorate of caffeine forms a beautiftil brown precipitate, and thp 
lUti^md liipiid deposits yellow scales of another compound, not unliko iodide of lead. 

A MolutioB of caffeine does not precipitate sulphaio of eoppor, diehloride (f tiUt 
aatute of lead^ or mer^roua oulpkato. Boiled^ with ferric ehloride^ it forms, on 
cooling, a brown*red precipitate, p^ectly soluble in water, and probably consisting of 
a double salt similar to the preceding. With niiraie e/erVerr, cweine mrros the com* 
pound AgNO*.0*H^O', which separates on mixing concentrated solutions of caffeine 
and nitrate of silver, in white crystoUiiie hemisphere^ adhering firmly to the sides of 
the vessel. It is sparingly soluble in cold, more readUy in hot water, and alcohol ; deto- 
nates when heated. 

Stdphaie of Caffeine is difficult to crystallise, and is easily decomposed by water. 

Tannate of Caffeine is obtained as a white precipitate when an aqueous solution of 
caffeise is added in excess to aqueous tannic acid. It contains 41*0 per ceDt>. oaffeine 
and 68*1 tannic acid (Mulder). An infiision of tea, by its tannin, also precipitates a 
solution of caffeine. 

G AFVaon, The aromatic principle of coffee. It may be isolated by distilling 
6 or 6 lbs. of roasted coffee with water, ^tating the aaueous distillate with etheiv 
and afterwards evaporating the ether. It is a brown oil, heavier than water, slightly 
soluble in boiling water. An almost impondemble quantity of it is suffleient to aro* 
matise more than a quart of water. (Pelouso et Prdmy, Trait4, iv. 449.) 

CAFmjLlfVlG ACX9. Caffeic Add. CHloroffmie Add, ? (Pfaf( 

1830, Scher. Ixu 487.T-Rochleder, Ann. Ch. Pharm. lix. 800; Ixii'i. IPS ; Ixvi, Sff ; 
Ixxxil 19«. — Liebicli,f6uf. Ixzi 97-— 8tenhouse,f6«f.lxxxiii. 244. — Pay®"! Ann. 
i'll. Phya. [3] xxvL 108.— ^Oerh. Traltd, iii 886.) — This add exists in coffee horrif* 
to the amount of 3 to 6 per cent, as a calcium- and magnesium-salt, and, aceqcd|iig to 
Payen, as a double salt of caffeine and TOtassium. According to Rochlederait is also 
found in Paraguay tea. It is prepared mixing an alcoholic infusion of cofflto Of 
Paraguay tea with water to separate the fatty matter; then boiling the liquid, adding 
acetate of lead, -deeerapoeing the precipitate witlb sulphuretted hydrogen,^ and 
rating the fikexvd liquiiA It forms a yellowish bidttle mass, which may with difiteult^ 
bp ol^ined in coloFurleBB, mammellateii crystalline groups. It dissoives easilv in wstoi^ 
i^es in alcohol; has an astringent taste, and reddens litmus strongly. MeltSiwhcft 
hpAted, then chars, and gis'es off the od^r of' roasted coffee. By d^ distillation it 
yields water and a thick oil, which solidifies on cooling, and consists of oxyj^nic add * 
<Itoeh leder). Strong sulpfaune add dksolves it with the aid of beat^ forming a blood* 
f***! liqukL l^illed with peroxide of manganese and sulpliurio acid, it jdeldsqiiiiioiio 
(H ten house). It dissolves with yellow colour in potash and in smmouia, The ath- 
tooniacal eolution in oontact with the air quickly turns greem, ptodudng idHdic aeH 
(Aoefaleder.) . 

Oalfblaaidc aeM colours forrie salts greoi. A does not precipitate femas silts, bu^ ^ 
on adding ammonia, a nearly black predpitate is obtoinsdL It does not prseipit^4i 
tortar-emetle or but predpHsM quinine and dncKonine. It reduces nitruts of ' 

silver in spSeiilarfodpiifthe liquid is heated. ^ 

The eaffdamde add is not definitely fixed. Roehleder first snppdj^ A 

b* Iw but afterwards gave the p re for e n ce to C*W*0*. Oerhardi (Ifrsiltfii) 

til. e/wdiag to which calfetaimw acid w<mld lmah^ 



TfO: CAlNCfd Aero -- CAij^UT, 

of p^allotamiic acid» differing it bjr 8CH*. l^fftff mlppoees 

tfcide, caffeic end oaffetannic ; but B<^ileder fbund only one, vis. caffetaimxc add, with 

traces of citric acid. 

. The oaffeiannaitt are but little known. The^^osczum-salt is amorphous, solabl* 
in water, insoluble in alcohol, and tnms brown from oxidation on exposure to the sir. 
I^e barium- and cdlcimti-s^t& are yellow, and quickly turn green on exposure to the 
a^. The lead-uslt is a white precipitate of Toxy variable composition. 

The cij^etaafiate of c^ffeim and prepared as already deMribed (p, 706\ 

forms spheroidal mups of cr^ratals, which become electric by inction. They are veiy 
soluble in water, less soluble in aqueous alcohol, nearly insoluble in absolute alcohol 
The aqueous solution turns brown when exposed to the air. They are decomposed by 
dry distillation, swelling up strongly and yielding a sublimate of caffeine. Gently 
heated with potash, they assume a rra or orange colour. Heated with strong sulphuric 
add, they yield a liquid of deep violet colour, with a bronze pellicle on autfeco. 
Nitric acid colours them orange-yellow. 

OaSdN'CIO ACX]>« C**H*^’ (?) (Franqois, Pelletier, and Cavsntou, 1830, 
J. Pharm. xvi. 466. — Liebig, Ann. Ch. Phys. [2] xlvii. 185. — Rbehleder and 
Hlasiwetz, Ann. Ch, Pharm. Ixxvi. 238. — Gern. Trait4, iii. 746.) — Pound in the root 
of calnca {CMococca^ angmfu^a^ Martius), a rubiaceous plant growing in Bra^ and 
used as a remedy against the bites of sexpents ; also in the root of Chiococea raoemoaa {L,), 
h plant much used in the Antilles for the cure of syphilis and rheumatism. 

It is prepared : 1. By exhausting cainca root wiw alcohol, concentrating the alco- 
holic extract, mixing it with water, and adding milk of lime to the filtered liquid till 
it loses its bitterness. An insoluble basic camcate of calcium is thus produced, which 
is decomposed by a hot alcoholic solution of oxalic acid- The filtered solution, when 
evaTOrated, yields cai'ncio acid in shining needles (Pelletier and Caventou). — 
2. From the root of Chiococca race^twaa, by exhausting the bark of that root with 
alcohol ; mixing the solution with neutral acetale of lead, which throws down caffe- 
tannate of lead, together with some caineate and phosphate ; then treating the filtrate 
with subacetato of lead, which forms a yellow precipitate containing the greater part 
of the caincic acid, with only traces of caffetanmc acid. This precipitate being decom- 
poMd by sulphurated hydrogen, and the filtrate sufficiently concentrated, the caincic 
acid is deposited in crystalline fiakes, which may be purified by crystallisation from 
boiling water contaming a little alcohol 

Caincic acid is inodorous ; tasteless at first, afterwards very bitter ; sparingly soluble 
in water and ether, veiy soluble in alcohol Reddens litmus perceptibly. The crystals 
give off fi per cent, water at 100° C. (Liebig). When heated it softens, chars, and 
yields a c^stalline sublimate which is not bitter. Dilute acids and strong alkalis 
convert it into quinovatic acid. 

The ca'incates are but little known ; they have a bitter taste. The neutral caincates 
of ammonium, jtotasmum, barium, aud calcium are soluble in water, deliquescent, and 
uncrystallisable. Lime-water, added to the solution of neutral caincate of calciuna, 
produces a copious precipitate 6f a basic salt, soluble in boiling ^cohol, whence it 
separates in white flakes, which are. strongly alkalina The normal lead-salt, 
+ H^O, is precipitated on mixing strong alcoholic solutions of camcic acid 
and acetate of lead. There are also basic lead-salts. 

OAnWOORM BTOWm Smoky quarts. See Quabtz. 

CA^BVirr* onb or. This oil is prepared in India by distilling the leaves of 
MekUeuca Lmcodmdron (L.) with water. It was formerly employed to a great extent 
in medicine, both internally and externally, but is now but little used, and^ is seldom 
met with in a pure or mu^anged state, except in the hands of wholesale dmggisia. 
As introduced into Europe, it possesses a light greon colour, resemldiiig that of nSiHile 
solution of chloride of enromium, which is caused by a remnous oolcuring matter 
Solved in it in very small quantity. 

The colour of the crude oil is also partly due to copper, the presence of whieli may 
br accounted for, either bv the use of a copper head in the dMftfilmg apparatus oC the 
J^doCB, or by intentional adulteration, resorted to ibr preserving the gteen colour of 
jUiO«xll» which otherwise changes gradually by oxidation to a reddMh<^wii, the oil 
fhmi becoming unsaleable ibr medicinal purposes. That the oil possesses a green edbnr 
nf'Rs edm is proved by the feet that the coloar remains after the eo”> p l s4 ft of 

IIm cofmer sulphtt^ted hydrogen. 

Oil oc eaio{ait oonststs mainly of t^ dihydiate of a hydrocarbon called eaiputeitc^ 
■soniMnc with oil of turpentine. Its specific gravity is 0*926 at 10° C. On suMiltam 
It to fractional dislillatioii, dihydrateof cigputene^ which constitutes about tsnMlisA 
of the crude oU* passes over between 176° and 176° C. ; sxnaUer fimetions, jiSiH 

ducts of deeompoSitioii, ate obtained from 178° to 240° and from 24(1° to 260^; aimii ^ 




tSO® only n «m«H is left, eoiu^iig of e»t)x>naoeoiM mfttter mixfA 

Ullie copper. On treadng thia xesidue with ether, a gre«n aointioii it obte^ed, wMeh, 
whetL ersporated, leavea a green reain, aoluble in the porUon which hoila between 175^ 
and 17«®. and cnpeble <rf revering the original colour. (M. Sohmidl, Tirana. Bo^ 
SocL Ed. ^»ii- [6] 3d0 ; Chem. Soe. Qn. J. niv. 63.) 

OAmmnk (Schmidl, /oc, Thia compound ia obtained, ln» 

gether with two isomeric hydrooarbo^, iaocujputene and paracajputene^ >y 
oobobatmg dihydrato of ci^poitene with 'phosphoric anhydride for half an hour, and then 
distilling drthe liquid, wbeMpon cijputcne passes over at 166® — 166® 0, ; (ac^putene 
at 176® — 176®, and parae^jputene at 310® — 316®. 

” permanent in the a£K It is not affected by todifts at ordinary tempo* 
nitures, but at a higher tehnperature, hydrogen is eycdved and a black liquid ia fanned. 
Sramine acts 'quickly on it, producing a dark viscid oiL With ffosedus hjfdroehhHo 
acid, it forms a beautiftil violet liquid, but no crystalline compou^ even at — 10® CX 
A mixture of ordinary nitric and su/j>Jkurio acids acta upon it' with violence, forming a 
yellow bitter resin. 

Ojgpotene ia insoluble in aJtoohol^ but dissolves in ether and in oil turpentine, 

Isocajputene, 0”H”. — Obtained: I, as above. — 2, by distilling the dihydrate of 
cejputcne with oil of vitriol. It is au oil boiling between 176® and 178® O. Its odour ia 
K*8 s agreeable than that of cigputene, and becomes more pungent and aromatic by expo* 
sure to the air, the oil at the same time acquiring a yellow colour. Specific gravity 
ilS57 at 16° C, Vapour-density of (1) 4*82 ; of (2) «» 4*62. 

/odincy hrofniney gaseous hydrochloric aoidy and a mixture of ntlrl9 and sn^hutric acids^ 
act upon isocivjputene in the same manner as on cajputene. With oil of uHrici, aa4 
with dilute sulj^uriCy hydrochloric, or nitric acid (neither of which acts upon m^putene)| 
it forms dark viarid liqiuds. 

Isoctvjnutene is insoluble in water and in alcohol, but mixes in all proportions vrith 
ether ana with oil of turpentine, 

Paracajputene, obtaiued aa above mentioned, by distilling dihydrate of 

cajputene with anhydrous phosphoric acid, passes over between 310® and 316® C. It is 
vciy viscous, has a lemon-yellow colour, and in certain directions exhibits deep-blue 
fluorescence. Vapour-density, by experiment « 7'96 ; by calculation {2 vol.) 0 * 43 * 
1'ho difference between the experimental and calculated vapoui^densities is probably 
due to docomposition, takix^ ptaoe at the high temperature required for the deters 
mination. 

raracajputene oxidises rapidly in contact with the air, acquiring a red colour' and 
resinous coBsistence. A mixture of nilriio and sulphuric acids does not act so violently 
on it as on c^putene and isoci^puteDe. With hydrochloric acid gas, it forms a dars 
viscid liquid, which does not yield Cfystak, even at — 10® 0. It is insoluble in water, 
alcohol, and oil of turpentine, soluble in ether. 


Buoionn ov Cajputenb, 0'*H’*Br*. — Obtained by the action of bromine on oil of 
rajeput. When diy. bromine is dropped into the rectified oil, a veiy brisk action takei 
place, and the sides of the vessel b^me covered with yellow needles, wlUch however 
soon disapwar ; but if the addition of the bromine be eontinued till the reaction almcet 
ceases, a dark, thick, viseous oil is formed, which, after several weeks, o^poslla # 
granular substance. By boiling the mixture with alcohol, the graankr substai^ is 
extracted; a heavy oil is left behind; and the alcoholic solution, on coding, deposiis 
l>romide of cigputehe as a soft crystalline substance having a fatty lustre and mudi 
reacmbling cholesterin. 

Bromide of eriputeoe melts at 60® 0. and sofidtfles again at 32®. By dry distilUtlon, 
it yields a liquid udiich ezystaUises again in the cooler parts of the retort. It i$ not 
altered by boOiitt with aqueous potash. It dissolves in ether shd in boili^ aJcohoL 

Rectified oil of ngeput shaken up with bromine-water, fonns a red resin, ftm Vldfien 
a solid substance separates in small white prisms, extreueXy deliquescent S|id 
decomposing. 

Another crystallised bromine-compound (probably a hydrobromate ibftlCgOUi to tkB 
hydriodate) is formed in the same manner aa that oompound (p. 713). 

CHLonrim ov Ca jpu tmt u , Is produced the action of nsMCift chlorine 

on the dihydrate (rectified eajeput oD). When theportion of the oil d l sli lUii gbetwmm 
176® and 178® C. is mixed witb vety dihito nitric add, and hydrochloric arid gas is 
puswd into the liquid, a violent action takes place in a few minutes, chlmdM Siw 
nitrous gas bring evolted ; and, if the passage of toe gas be oontinusd, ewaoM m 
cujptttene ulrimately aiiiki to the bottom, as a linqpid tSrewn oil, wbtdi may m fo^.' 
from adhering aitne and hitnms add by distillation over strong potaeb^lsy. II bis |i: 
ftwgraiit odour, ssd miiy be kept witimt slteiution fSnr any lengto of tiiai, luft jf dir 



composed br distillation. Boiled with nitrate of silver, it deton^tee ui psi»iil%> 
manner, and forms chloride of ^ver. 

HTHBaTSS OF Cajpittbms. Hemu^drate^ C*H*K)=»(G**H**)*.H*0 (or peihaps 
mtmoh^dnUe of paracajpvtene^ CPH**.HK).) — Obtained by we action of oU of v^ol ^ 
oil of c^'epnt ^ When the cmde oil is raised to the boiling-point in a deep opmi vessel, 
and oil of vitriol oontinnonsly dropped into it, violent ebullition takes accom- 
panied, alter a while, by a peculiar crackling sound. As soon as this is observed, the 
INiiae must be lower^ and the acid veiy cautiously added, till the liquid Suddenly 
assmnea a dark colour, extending in an instant from the surface throughout the whole 
depth. The vessel must then be immediately removed from the fire, otherwise further 
decomposition will take place, attended with evolution of sulphurous anhydride. The 
up^ oily liquid is separated ih>m the acid on which it floats, well washed, and distilled, 
and the portion which passes over from the 170° to 175° is collected and rectified. 
It is an oily liquid, whose vapour-density, as found by experiment, is 5' 19 to 5'27. 
Now the formula, if supposed to represent 2 volumes of vapour, gives for the 

calculated vapour-density the number 10*04 ( = , x 0*0693), which is 

£ 

nearly double the experimental number. Consequently, the molecule C"H**0 repre- 
sents 4 volumes of vapour, and probably splits up at high temperatures into C^E*’ 
and H^O, each of which occupies 2 volumes. (See Atomic Weights, p. 469.) 

Monohydrate, C**H*H) *= C**H**.H*0. — This is the chief constituent of oil of 
ccyeput (p. 710), and passes over in the fractional distillation between 175^ and 178° O. 
After rectification, it is a colouidess oil which boils constantly at 175°, has a spedfic 
gravity of 0*903 at 17° C., and vapour-density, by experiment = 5*43 ; by calculation 
(2 voL) ** 5*338. It dissolves in lul proportions in afcohol, ether, and oil of turpentinr. 

Exposed to the air for a considerable time, in the moist state, it changes to a reddish 
liquic^ which ultimately exhibits a ratlier strong acid reaction with litmus. Iodine 
dissolves in the oil, and under certain circumstances forms crystalline compounds 
(p. 712). Bromine acts quickly upon it, and under similar circumstances forms ciys- 
talline compounds (p. 711). Chlorine gaa passed into the oil raiscjs the temperature,- 
but does not appear to act upon it further ; but nascent chlorine (evolved by passing 
hydrochlcvic acid gas into the oil mixed with dilate nitric acid) converts it into di- 
chiorido of cajputene, C**H'®C1*. Phosphoric anhydride heated with the monohvdrate 
takes away the whole of its water, converting it into cajputene, isoeqjputene, and pani- 
cajputene (p. 711). Chloride of zinc likewise dehydrates it, but less completely. Strong 
sulphwnc add acts but very slowly on the oil at low temperatures ; but if the tempera- 
ture be allowed to rise, sulphurous anhydride is given off, and the oil blackens and ulti- 
mately suffdra complete decomposition. If the action be checked at a certain point, a 
sulpha-acid is formed, which yields a soluble barium-salt. Oil of vitriol dropped into 
the oil at the boiling heat,^ in the manner above described takes away half the water, 
forming monohydrate of cajputene. Dilute sulphuric acid, on the contrary, causes the 
monohydrate to take up 2 at. more water, converting it into C'**ll‘^3n*0. Fuming 
sulphuric add converts the monohydrate into a thick brown liquid, which boils above 
360°. Fuming nitric^ add rapidly oxidises the oil, even at ordinary temperatures, 
forming a large quantity of oxalic acid. Ordinuiy nitric acid produces the same effect 
at tlie boiling heat, but at ordinaiy temperatures it acts, yoty slowly, converting the 
oil into a red liquid. Distilled over permanganate or add chromate of potassium in 
presence of sulphuric acid, it forms a thick resinous liquid. It does not appear to be 
altered by digestion with peroxide of lead. In contact with aqueous wtaah, or when 
dropped into melting potash, it forms a soluble salt^ the acid of which is precipitated 
as a resin by hydrochloric or sulphuric acid. Heated with sodium, it forms a ciystal* 
line mi^ soluble in water and alcohol, and consisting of soda and an organic substance, 
which is separated by strong acids in the form of a firagrant resia When the viqiw 
of the monohydrate is passed over red-hot sodadime, a yellow oil distils, over, hav^ 
a peculiar odour quite different from that of the monohydrate; at the same time 
the soda-lime becomes blackened by deposited charcoal, and when treated with acids, 
rives off a large quantity of carbonic anhydride. The yellow oil thus fimmied yielded 
by distUlarion, a naction boiling between 180° and 185° C. which gave in two analyses, 
79*76 and 80*03 per cent. C, 12*20 and 12*07 H, agreeing nearly virith the fiormula 
C**®*^^, whioh requires 79*59 per cent. C, 12*24 H, and 7*97 O. 

TrihydraU of Cajputene, - — Pjoduced by the action 

of dilute snlpht^o acid on the monohydrate, or on erode oil of cmepiit. Two jptO. of 
dilute anlphurie arid are added to 1 nt of the emde oil; and ttie mixtufo, & well 
ih^^en for seveml days till tlie watery liquid acquiree a yelldwirii colour, and them 1^1 
lo Itself about ten days, wherriqKm it deposits crystalline tufts of the 
adhering to the rides of the vessel The crystals melt at 120° C.’aiid solidify igalii at 



Ob iMbmitliiig tliem todiy di8ti]]iiiio&, an oily liquid pnaseo over and condeiMK^ 
tMtL in UiB Bolder p4it9 of the appar^ua, apfmnUy aa the unaltered trihydr^ The 
mstala diaaolva ifiaringly m cpld« easily in lx>iUng alcohol. 

Ciyatala having the. same composition were dialled from a aeeondaiy fraction of 
erude cqjepnt-oilt which distilled at 210^ — ^230^ C.| and was left far a very long timer 
moist and exposed to the ain The crude oil mixed with nitric acid and ^obol^t 
changes, in the course of seven or eight months, iuto a black heavy liquid in which' 
crystals are auspended, ^hap consisting of the trihydrate. The same compound 
appears' likewise to be formed in bputiM long prisms, when the ciystallinc mass 
produced by pssing hydrochloric acid gas iuto roctifred oil of cqjeput is thrown into 
water or aloohoL 

Htdbochi/ORATBs of Cajputbnb. — The manoh ^ drochlorate , C'^H^MICl, is obtained 
by distilHiig the dihydrochlorate, and collecting apart the fraction which boils at 160^ O, 
— A pnHloct having the same composition is obtained by treating the di^dro^ 
chlorate for several days with aqueous or alcoholic potash ; but its odour is different 
from that of the product obtained by simple distillation of the hydrochlorate, and re- 
sembles that of pclargonic ether. 

The dihtfd^hloraU^ C“H** 2HC1, is obtained by passing hydrochloric add gM 
through rectified cajeput-oil, mixed with a third of its volume of alcohol or strong 
U4|uooim hydrochloric acid. It crystallises from alcohol in beautiful radiating tufts; 
incUs at 66° C. and solidifies again at 80°. It has no taste or smeU. lly diy distils 
l.-ttioii, it gives off hydrochloric gas at 60°, and splits into several fractions, one* of 
which is the monohydrochlorate. It is also deprived of half its chlorine by heating 
with aqueous or alcoholic potash. It dissolves sparingly in cold, easily in boiling 
aleoliol or ether. 

IIydriodatb of Cajputsnb. o. Anhydnmt. — Obtained by adding a 

mjiution of phosphorus in sulphide of carbon to a solution of iodino and oil .of cage* 
put iu the same liquid. The liquid becomes hot, iissumes a reddish' colour, deposits 
rt*d oxide of phosphorus, and gives off vapours, probably containing phospboietted 
Hydrogen, and after ten or twdve days deposits crystals of the Eydnooato. Tho ro- 
tictiou is perhaps : 

6(C**H**.U*0) + 6PI - 60**n»’I + 2rH» + P«0 + P*0», 

The crystals are deposited in cells like those of beehives, and possess a black metallic 
lustre. They are soluble in alcohol and ether, and aro very stable, not being altered 
I'ven by l}oi]ing with potasli. 

A Hydrated, C“H«*I»0 - 2(C‘«II'MTI).H*0, or Hydriodate of Hemikydrated Of;* 
pid.en(\ — If iodine l>e added by small quantities, and with constant 

Ktirriiig, to cajeput-oil till tho fr»mperature rises from 10° to 40° C., and the vessel be 
then immersed in cold water, a black ctystalline compound soon separates from it, and 
on filtering, pressing the black substance between paper, and then dissolving it in 
alcohol or ether, a solution is obtained, from which the )iyilrat<*d bydriodate mystallises 
in prisms having a fine yellow-green colour and rnctoJlic lustre, and melting at 80° 0. 
to a compound which does not reciystuUiso on cooling. Potash dissolvos the eiystals, 
al ^trading part of the iodine in the cold, and the whole when heated. Tho crystals 
arc insoluble in wufor, and are not decomposed thereby; they dissolve readily in 
alooliol and ether, 

CAliATTM# Syn. of Tuuatrois. 

CAJUkMtnra. NatiyeCartHmateo/Zinc, Zine-ajktr. Smithsonttf, (rolnui SlSn^OO*. 
— This mineral, which is one of the most aliundant ores of xine, ooeum crystallised in 
rhombohedrons with cleavage parallel to the rhombohedral faces, Katio of priiicip^ 
to secondary axes » 0*8070 : 1. Inclination of tc^nninal faces •> 107° 40', Alsorsni* 
form, botiyoldah and stalactitic, and in czystalUne incrustations ; likewise m&ular, 
earthy, and frriablew Specific gravity «» 4*46 ; hardness «* 6, It is translucent or 
subtransparent; white when pure, but often tinged more or less with gicy, grcfn, 
or brown; from admixture of tho carbonates of iron and mampsnosc. Streak white, 
l^ustre vitreous^ to pearly. Brittle, with uneven, imperfectly eonchflldal 

fracture. 

Pure hi found in Somersetshive and Derbyshire. A specimen from Sbm^ 

eeUhire mudysed hy Smithson (NicholKm's Joums!, vi 76) gave 86*2 per cent COf, 
and 64*6 2IbO, wmeh Is ezaetly the theorrtaeal oompositian. Omerally, howevjer a . 
poitum of tbexiiie is isomorphouidy re{daced by iron» manganese, ealciuni, luagoMmttt, 
lead^ and eopper. The following are examples: e. From Kerfashinsk in Sttbisfel^ 
•oalyicd hyKohM^il (J. pr. Chem. xxvHi 460.) 6, c, d. From Altenbcfg Att-hir 
Ch^p^tle (l^tiheijn» Baniinekb<ng's ddmeralaktndf, s. 227*) f, /• Frm 
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ZiMe^lance. Ki^dzinkerz, Kieselgatmei, Zn^SiO* + H^O. — (Dana applies to this 
miiieral the name^ oalanUne^ distinguishing the preceding as Smithsonite,) Occurs in 
ei^tals of the trimetric systeuL Eatio of brachydiagonal, macrodiagonal, and prin- 
eipal axis — 0*6385 : 1 : 0*6169. The ciystals are short prisms {Jig, 114) resulting 
from the predominance of the faces and oo^oo , and uo- 
FHg, 114. symmetrically terminatedi viz. at one end by the faces P, 

o» and at the other by 2jfoo . too , OP . and.Jtoo(x), 

Inclination of faces, oot2 : oot2 « 103^ 53' ; iPoo : it«o » 
51® 34'; Poo :!*«>- 63® 20'; 2P : 2P<» -101® 56'. Cleavage 
p^ect parallel to 00 ^ 2 ; somewhat less, parallel to too (Kopp's 
Jiryatail^raphie^ pp. 250, 264). The mineral likewise occurs in 
stalactitic, mammiilary, botryo’idal, and fibrous forms; also mas- 
sive and g^r^ular. Specific gravity 3*16 — 3*9. Hardness — 
4*5— 5. It is white when P'lrCt sometimes blue, more or less 
coloured bjr oxide of iron. IVansparent or translucent Lustra 
generally vitreous. Streak white. Brittle, with uneven fracture. 
Like many other unsymmetrical minerals, it is pyroelectric. 

Before the blowpipe it melts with difficulty at the edges ; it 
is not altered by heating on charcoal, either alone or with car- 
bonate of sodium ; but with carbonate of sodium and borax it 
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a/ it also dissolves in potash-ley. 

* ^ ^ Siliewus calamine generally occurs nearly pure. A specimen 

from Tamowitz in Upper Silesia, analysed by Bammelsberg, yielded 24*99 SiO*, 68*66 
Zn^O, and 7*75 H*0 - 101-40; the formula Zn"SiO* + H«0 or 2Zn"O.SiO* -f H»0, 
requiring 26*1 SiO*, 67*4 Zn"0, and 7*5 H*0. Sometimes a small portion of the sine is 
pMtly replaced by iron or lead : in a specimen from Nertzschinsk in Siberia, Hermann 
fbund 2-70 per cent, oxide of lead. 

Siliceous calamine lisually occurs, associated with the native carbonate, in calcareous 
rocks. Large ciystals are found at Nertzchinsk. (Dana» ii 314; EammelBberg's 
MinerdickemU^ s. 549.) 


A variety of tremolite {q, v,) having an asparagus-green colour. 
\mWAMm SeeCALC8PAB .~- OA & oaBO « T . See CsALCSDOirr. 
Pliny’s term fiir copperas. 

The fixed residues of such matters as hare undergone com- 
bustion ore called cinders in common language, and calces, or oxides, by chemists ; 
and the operation, when considered with regard to these residues, is termed calcina- 
.tion. In this general way it has likewiiM been applied to bodies not really combustible, 
but only deprived of some of their principles W neat. Thus we hear of the calcination 
of ehaUc, to oonvert it into lime^ by driving off its carbonic acid and water : of gjrpsnm 
>or plaster stone, of alum, of ^rax, and other saline bodies, by which they are deprired 
of their water of crystallisation ; of bones, which lose their volatile parts by thia treat- 
*iiient ; and of various other bodies. (See Combustion.) 


1 ^. with Galospar ( p . 721 ). 

— Symbol, Cti, Atomic Wffyht, 40 . — Lime, the oodde of csknon/ has 
oesa toiowR from the earliest times, and was iumhI by the anments in the eompositioR 
of monar. Black, in 1756, first pointed out the di^rence between buznt and uslmriit 
lilnai metal was first incompletely isolated by Davy in 1808, and has isoaii^ 

beoR obtain^ in the pure state by Matthieasen. ^ ' 

O al ej n in is the most widely disused of the alkaUne-earthj metals. The ett^wnits 
oogonin A groat varied of fioems, and, as limestone, oonstitates entire mountain niagaR 
Tha ImlphaUv teoride, phosphate, and ailicate are also abundmit natural peodnoiR 
nra^nt aieihe chloride, nitrate, arsenate, and tungstate. Oriduni abo 
‘as carbonate and phosphate in the bones of ; the riidls of mcdlusea ace ahlMr 


^g^lxrvly «f Ha tel»dlMaf ^taiif«»c^imi^«^ in cambiiut^ 

tion with ToriiMW «»g«»W 

Pf,fparath9i in ISCfS obtained «al<niim in ma iniMM state bv 

«t]^ctioljBifi, eimilarly to barium (p M0\ and by pamng vapow of potaarinm overnei* 
hot Ume (?) Matthiesaen ^uem* Soo. Qn. J. yiii. 28) preparea the pure metal aa 
follow! A muttnre of 2 at chloride of cakinm and 1 at chloride of atrontiuiii, with 
a email quantity of chloride of ammoniom (this mixture being more ftuible than 
chloride of calcium alone^ is melted in a amall porcelain crucible, in whidi a carbon 
positive pole la placed, while a thin harpeichord wire wound round a thicker one, aud 
Sipping only just below the surface of the melted aalt, forma the negatiTe pole. The 
calcium is then reduced in beads, which hang on to the fine wire, and may be sepa- 
rated by withdrawing the negative pole every two or three minutce, tojj^ther with tlie 
rmall crust which forms round it. A surer mech<^ howover, of obtaming the metal, 
though in very small beads, is to place a pointed wire so as merely to touch the surface 
of the liquid ; the great heat evolved^ owing to the r^istance of the cturent, causes 
the reduced metal to fuse and drop off from the point of the wire, and the bead is taken 
out of the liquid with a small iron spatula. Or, thirdly, tlie disposition of the appa- 
ratus may be the same as that for the reduction of strontium {g. v.^ 

Li&s-Bodart wd Gobin ([Gompt. rend, xlvii 23) prepare calcium by i^itingthe 
iodide with an equivalent quantity of sodium in an iron crucible, haring its hd screwed 
<lown. According to Dumas (Compt. rend, xlvii. 178) it is essential that the process 
l>e conduoted in a closed vessel, as, under the ordinary atmospheric pressure, the sodium 
burns away, and the iodide of calcium remains unaltered 

l^rttpniies . — Calcium is a light yellow metal, of the colour of gold alloyed with 
silver; on a fireshly cut surface the lustre somewhat diminishes toe vellow ooloui^ v 
which becomes more apparent when the light is reflected several times from two suv- 
faces of calcium, or when the surface is slightly oxidised. It is about as hard M gold, 
very ductile, and may be cut, flled, or hammered out into plates having the'thickn^ 
of the finest paper. Its specific gravity is 1*8778. In dry air the metal retsw its 
colour and lustre for a few days, but in damp air the whole mass is slowly oxidised. 
Heated on platinum-foU over a spirit-lamp, it bums with a very bright flash. It is not 
quickly acted on by dry chlorine at ordinary temperatures ; but when heated, it bums 
in that gas with a most brilliant light ; also in iodine, bromin^ oxygen, sulphur, 

With phosphorus, it combines witliout ignition, forming phosphide of calcium. Heated 
mercury dissolves it as a white amalgam. Calcium rapidly decomposes water, and is 
still more rapidly acted on by dilute nitric, hvdrochlorio, and suLpharic acids, nitric 
acid often causing ignition, strong nitric acid does not act upon it below the boiling 
hcaL In the voltaic circuit, with water as the l^uid element, calcium is negative to 
(Kitassium and sodium, hut positive to magnesium. It is not, however, reduced by 
potassium or sodium from its chloride by electrolysis* On tho^ contrary, a ftised 
mixture of Ca'"Cl* with KOI or NaCl, in certain proportions, yields potassium or 
sodium, when subjected in a certain manner to electric action ; hence it appe^ that 
the metal formerly obtaine<l by reducing chloride of calcium with potassium^ or 
sodium, could not he calcium, but was probably a mixture of potassium or sodium^ 
with aluminium, silicon, dec. (Matthiossen.) . « •* 

Calcium unites with all the non-metallic elements, forming compounds iutowhicb it 
enters for the most part as a diatomic radicle, c.g. the chloride Ca'^Cl*. the oxide 
Oa^O, the sulphide Ca"8, &c. Most of the compounds are colourless ; they have au 
acrid taste, and a lower specific gravity than the corresponding compounds of barinm 
and strontium. Of the compounds of calcium with other metals, little is kaown^ 
excepting that it forms an amalgun with mercury, 

OAJbOXmCy UtOMISa OT. Ca^Br^, > Formed by the direct union of calerom 
and bromine, or by dissolving lime or the esrbonato in hvdrobromie acid. solu^ 
tion yirids^ by evaporation colourless sill^ needles of tne hyefauted blftniidet fipom 
which the anbydrons bromide may bo obtained by beatii:^. It is dsliqtMSoent ssia 
very soluble in al^hoL 

OAMiUMf OM&OSna OV* Ca'^Cl*.— 'This compound exists in sea-wnter. 
river-water, aiid spring-water, and is produced by passing chlorine over red-hot lime, 
or better by dissolving lime or the carbonate in nydroehloric acidt and evaporating 
It is also produced in laige quantity in the preparatUm ci a mmoni a by heatigg shl- 
ammoniae urito slaked lime : 

2NHK3I + Cb*H*0» - Cb'^Cl* * 2HHP * 2H*0. 

Tim fueidue is treated wito water; the solution, which Is always allmMimjte«i<rtril^^ 
with bydro^lorfe acid, and the rssidue evaporated to 4f3roeM. , . , . ' 

The aqueous solution, wheo hi^ty concentrated, deposits the bydfslea chmi^ 
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CW'CI*.6H*0, in "«ix-sided priikns with pyxaiaidal summits. It h^is a bitter teste. Ths 
crystals give off 2 at. water when dried in raeao, leaving the h wlrate Ca''Cl*.2HH>, whieh 
retains tiie. original form of the crystals, but is opaque, and has the appearance of tsle 
(Graham). At 200® C. they part with the whole of their water, leaving the anhy- 
mous chloride in the form of a white porous mass. 

The anhydrous chloride melts at a low red heat. If it be then exposed to the sun's 
rays, it afterwards appears laminoos in the dark; it was formerly called Homber^*t 
pkoapkorui. When ignited in contact with the air, it is partially oonrerted into oxide 
and carbonate of calcmm. Hence the porous chloride dned at about 200® C. is better 
adapted for absor^ng water in organic an^rais (p. 228) than the fhsed chloride ; the 
latter, containing lime, absorbs carbonic acid as well as water. 

Anhydrous chloride of calcium is exceedingly greedy of water, and is one of the 
most deliquescent substances known. 100 pts. of it in powder exposed to an atmo- 
sphere saturated with moisture absorb 124 pts. of water in ninety-six day^s, more, there- 
fore, than is required for complete deltque8cence(Bran(les, Schw. u. 433). The 
ciystallised cliloride also deliquesces rapidly, and dissolves in half its weight of water 
at 0® O., in one-fourth of its weight at 16®, and in eveiy proportion of hot water. The 
solution of the anhydrous chloride in water is attended with considerable evolution of 
heat ; but the hydrated chloride in dissolving lowers the temperature of the liquid. 
A mixture of crystallised chloride of calcium and snow produces a degree of cold suffi- 
cient to freeze meremy. 

Both the anhydrous and the hydrated chloride dissolve readily in alcohol. 10 pts. 
of absolute alcohol at 80® C. dissolve 6 pts. of anhydrous chloride of calcium; and the 
eolation when evaporated in vacuo, at the winter temperature, yields rectangular 
laraiDfle oontoining 59 per cent, of alcohol, agreeing with the formula 2Ca''CP.7C*H*0. 
The alcohol in this compound appears to take the place of water of ciystallisation. 
It likewise forms similar compounds with methylic and amylic alcohols. 

Chloride of calcium combines with ammonia^ forming the compound C9."C1*.8NH*, 
it cannot, therefore, be used for drying gaseous ammonia. It unites also with chromie 
acid and with acetate and oxalate of pofaseiftm, 

A solution of chloride of calcium boiled with slaked lime dissolves that substance, 
and the Altered solution deprjsits an oxychloritU calcium^ Ca''C1^3Ca"0 + 15H*0, 
which is decomposed by pure water and by alcohol. 

dA&onFM,.imflOT2oir a»» warrTmjknom or. i. iteactione in 
iJke dry tSay . — The hydrated chloride and a fi^w other calcium-compounds, when heated 
in the blowpipe flame on platinum- wire, impart a red colour to the flame, similar to 
that product by strontium-salts, but less intense. The colour disappears as soon os 
the salts are dehydrated, and is not produced at all if barium is likewise present. 
Alcohol burned on soluble calcium-salts exhibits a red flame tinged with yellow. 

The spectrum of a flame in which a volatile cedcium-^mMund is ignited, according 
to Bunsen and KirchhoATs method (p. 214), is distinguished by a broad bright green 
line situated at about the confines of the green and yellow of the normal solar spec* 
truro, and an intensely bright orange line situated nearer to the red ondpf the spec* 
.trurn than the orange band of strontium, and about midway between the lines 0 and 
H of the solar spectrum. This reaction is best seen with the chloride, bromide, and 
iodide of calcium ; the sulphate does not produce it till it has become basic, th^ car- 
bonate exhibits it most distinctly after the carbonic acid has been expelled. Com- 
pounds of calcium with the non-volatile acids require to be decomposed, ^nemlly 
by hydrochloric acid. To obtain the reaction with silicates not d^mposible hy- 
drochloric acid, a small quanti^ of the mineral in fine powder is mixed on a platinum 
plate with excess of fluoride of ammonium, and gently heated till all the fluoride is 
volutilised ; the residue is then moistened with sulphuric acid, and the excess of 
eoid driven oflt If the remaining substance be ignited in the flame as above, the diap 
meteristic spectra of the alkali-metals, if present lure first seen, and afterwards those 
of strontium and calcium. If only a triice of calcium is present the bead must be 
held for a few minutes in the reducing flame of the blowpipe, then moistened with 
hydrochloric acid, and again ignited in the gas-flame. ^ 

2. Jicactione in tAe vret way, — The bromide, chloride, iodide, nitrate, acetate, and 
tiuihy other organic salts of calcium are soluble in water; the carbonate, borate, phoi- 
arsenate^ and oxalate are insoluble, the sulphate sparingly soluble; all of thent 
liowever, except the sulphate, dissolve readily in nitrie or hydrodilorie acid. 

In the aqneomi! solutions of calcium-salts, potasA or eoda produces a whitegeibttiioiis 
precipitate of hydrate of ci^uni, unless the solution is veiy dilute. Ammonia : no 
predptatSk carbanaieo of odkalumetalo : white predpitate of caEbonate ^ 

^dnn^ iteladde in sflbrveseeD^ in nitrie, hydrochloric and acetie adds. Addt^ 
nopiedpitete in the cold ;.palveraleiitpced[dtate on bofliijl^ 
attendee with escape of carbolic add. Sulphurin add and ootuUe ^ulpkdUM : 'wiSia 





and igniUid in hjfdiodilGrHi ndd wld pt^ (ii 
objtnJiied wus dooompoBed^y of silvat. TAP00 Oi0^iiiiMhK- ^i^^ t 

nepectively Cn -» 40*00, 40*00, 40*00. The onmber 40 ia genarallysadopt^^ 

ajkAomm, mvOMOa OIF. This coin|K>und: oeeiU» abonda^ftin 

mature, sometimes msssiTe, sometimes ciystallised in octshedronfl^ enbes^ 
forms of the regular system (see Fluob-sfab)^ It is peculiarly a constitufinl ^ 
metalliferDUs veins. In minute quantity it is veiy generally dijOuae^ Wng associated, 
to the amount of a few thousandths, with phosphate of calcium, in the bones of suimaU 
and in somewhat laiger quantity in the enamel of the teeth ; minute quantity of it 
also found in plant-ashes and in the earthy deposit formed in sea-Water by boiling; 
It ma^jr be prepared artificially as a gelatinons mass, by pr^ipitating a soluble calcium- 
salt wiUi fiuoride of potassium or sodium, or in the g;ranular states by neutralisiim 
hydrofluoric acid with carbonate of calcium. 

Fluoride of calcium dissolves in about 2000 pts, of water at 16® C. (G. Wilson), 
and somewhat more abundantly in water containing carbonic acid ; hence its occiurren<» 
in sea-water. It dissolves in free hydrofluoric acid and in strong hydrochloric acid, 
and is^precipitated as a transparent jelly by amruouia. It melts at a nigh temperature^ 
and c^stallises on cooling. It is decomposed at a high temperature by vapour of water, 
yielding lime and hydrofluoric acid. Fused -with hydrate or carbonate of potas- 
sium, or sodiu^ it yields oxide cr carbonate of calcium and an alkidine fluoride. 
Strong sulphuric acid docs not decompose it at ordinary temperatures, button heatup 
the mass, hydrofluoric acid is given off, and sulphate of calcium remains. Vapour of 
Biii^hide of carbon passe^l over a led-hot mixture of fluor-spar and charcoal at a led 
heat,^ decomposes the fluoride completely, forming sulphide of calcium and volatile 
fluorinMompounda. It is also decompose at a red neat by chlorine. CFr^mv.) 
(See Fluosinb.) ^ 

Fluor-spar is much used as a flux in metallurgic operations, especially in the treat- 
ment of copper ores ; also in the reduction of aluminmm (p. 161). t 


CJkXtCMUMw^ X01>X]>1B Off. Ca"l*. — ^Prepared by heating calcium in iodine 
Vapour or by dissolving lime or the carlionate in hydrirniic acid, evaporating,, and 
fusing ^6 residue in a closed vessel. Resonibles the chloride, molts below a rod hea^ 
and if in contact with the air, is decomposed, with formation of lime and sepamtinu 
of iodine. Very sf)luble and deliquescent. Decomposed by sodium at a red heat. 
The hydrate crystallises in long needles. 


OAltOZOSff, OXXOS 07« Lime. Ca"0. — Anhydrous or quick lime is ob- 
tained by heating^ to redness the carbonate, nitrate, or any salt of calcium con- 
taining an acid easily oxp(Ldlcd by heat ; but for actual propanition, the cjirbonate is 
the only salt employed. In a close<l vessel capable of resisting pressure, carbonate ofx 
calcium maybe melted without undergoing decomposition ; but when heated to redncM 
under the onlinary atmospheric pressure, it gives off carbonic anhydride and leaves 
lime (Ca^'CO* « Ca"0 + CO*), On the small scale, the decomposition may be per- 
tbrined in a oucible heated in a furnace ; to obtain perfectly pure'lime, t- K* ciystidl^uMMl 
carbonate or the finest Carrara marble should be used. On the large s ca le, mashsil of 
Ume^ne are burned in kilns, the mineral being mixed up with the ooal or other 
bustible matter. ^In general, one bushel of coal is suflicient to make five or' six bu^iels 
of lime; magnesian limestones require less fuel than pure limestone. Whan a limei;, 
stone containing much aluminous or siliceous earth is to be burnt, great care should 
be taken to prevent the fire from becoming too intense; for such lime easily vitrifien. 
The kilns for burning these argillaceous or siliceous limestones should be pcOvidad^ 
with a damper. (See Un^e Dictionary Arts, Manufaetures, and Mines, ii, 799.) 

Pure lime forms white hard porous masses' of specific gravity 2*8 to 3*08. It beem 
the strongest^ heat without decomposition, and melte only in the flame of the oayhy- 
drojgeu blowpipe or in the voltaic arc. Its most remarkable property is the avidity with 
which it takes up Water. WTieh water is poured upon pure iWe, *it is instantly ah*, 
sorbed, and in a few seoonds the lime becomes hot^ gives off a large quantity of i ftvi vti ^ 
.crumbles to powder; this is called the staking of lime; with Luge itiHimm thif 
SivqLution of heat and escape of vapour are very violent, lime which slakes eaiily. Si 
<mlled,^9El Urns, Impure lime, especially that which contains clay, takes up water but * 

: siMsh Ume ia said to be poor, ' 

„ 5™ action of water on lime is hydrate of ealaimm or ktfdraio of Ume^ 

Oa*H*Dt e» 0a'D.H*O, It is a white s(^ powder, whieh gives off its water at a 
heat, atui as reoonverted intoquieklime. It isi^ringly jsoluble in water, more in jelft 
tim in hot water : hmice, water saturated with Ume in the cold, dqp^ta thshydiata 
when boiled. A wdution evaporated in vacuo over oil of vitciol, dspoaifa the ^diatd^ - 
ia hmgooal p riaw wr (Gay-Lnasae). Aeeording to Dalton, lime-water fbmied ai 80^ 
Ld9®» and 212® (Fahr.) contains 1 gndn of lime (anhydrous) m 778» 972, aad 1270 gia ' 



cTpitoSSiail 

in vnter; al9^^ porsdc^ 8ilieie» and pho 0 phorto acidi i^n addfd ta tikibe 

neatnl or alwia^^ or in.excesa to their aeid solutions. When ansOied Ip 

the ait^ it Mon boeaPMa eovared with a pdliele of wbonata of caleium, Tbui mm 
hrdiate alao abaorba oarboaie add from water, fonniiig, aooording to Faelia, Iha 
bTdzooarboiiate aCa^Cf0*.Ca*^H*0*, 

tixna disaobrea leadilj in nltricL hydrochloric, and acetic aeid. The hydrate axpoaed 
to the action of chlpdne gaa toma a mixture of chloride and hypochlorite of oalrinm» 
commoniy called €,khHde of Htm or Utadhkng powder : 

2Coro + 2a* - ca'^ci* + C9rci*o\ 

Chlorine doea not act upon anhydroua lime or on the carbonate. 

Lime ie appHed to a variety of ueehil purposes: — L For making mortar. The 
lime in the state of hydrate, u mixed wi^ 2 pts. of coarse or 8 pts. of fine sand, and 
made with water into a paste, which as it dries, absorbs earl)onio acid slowly from the 
air« and is converted into a hard mass of hydrate and carbonate, which binds the 
stones or bricks firmly together. The chief use of the sand is to prevent by its msss 
the too great contractiun of the mortar in drying.^ 2. Jn tanning, to promote the 
si^paration of the hair ^ wool from the skini^ and of the fat and fleshy parts. — 8, In the 
preparation of caustic alkalis from their carbonates. — 4. In the saponification 
of fitly bodies intended for the preparation of stearine candles.— d. In the defe ' 
cation of sugar (see Sugas). — 6. As a manure. Soils contain^ too mubh ckqr 4 
nre often mixM with lime, wliich, by absorbing water and carbonic acid, swells SM 
duintegrates, and thus renders the soil lighter. It also exerts a decomposing eetlott 
on the clay, rendering the silicate of potassium soluble^ 

Peroxide of Calcium^ CaO*,iB known only as a hydrate, whidli fills d0ini:ili 
fine ciystalline scales when lime-water is mixed with an aqueone solution of peroadde 
of hydrogen. (Th^nard.) 

OA&OIVM, oa:YCRliO»»B or. (See page 716.) 

OOJb OlOlg , ORTOnrHIAJLm or. See the several Acxns. 

on o UJiirxsilR or. When sulphide of calcium prepaved by 
rcdncitig the sulphate with charcoal, is boiled with a large quantity of water, the 
solution filtered not, and evaporated in a redort containing air, a large quantity of 
sulphuretted bvdrogen escapes with the watery vapours : the cooled liquid depofite 
sulphite of calcium, and on frirther concentrating the mother^liqkor,- ^d-CMwed 
nc^es are obtained consisting of an oxysulphide Ca^*0 + 20 aq. healsd out 

of contact with the air, they give off water and sulphur, without alteration of fam, and 
leave a white residue, which, when treated with hydrochloric acid, deposits snlphnr, 
g^es off sulphuretted hydrogen, and forms a product containing snlphate of calciuni. 
(H. Koae, Fogg. Ann. Xv. 483.) 

OAXOXmiK, rHOttrstra or. Car*orOa*F*?— Prepared by passing rapemr 
of phospboms Over red-hot lime. A good mode of proceeding is to place a few pieces of 
pbmbonis at the chwed end of a combustion-tulKi. fill the tube with small lutnM of 
quick lime (made by forming slaked lime into pellets and calcining them), then neat 
the "part of the tube containing the lime to redness, and pass the vapour of nhospbonia 
over it by cautiouriy surrounaing the closed end of the tube with not fh«L To pro* 
tHire larger quantities, a crucible baviog a hole at the bottom is filled with mUcIs of 
lime, and placed on the grate of a frimace, and a flask containing phosphonis is placed 
bdnw the gtatingwith its neck passing upwards through the hole m the cradhln. llio 
fire is then lighted, and as soon as the crucible is Iwd-hot, the pbomiMhie in the fisisk 
is gtaduallj heat^ so that ilu vapour maV pass upwards throng the ItmOi ^ fP»* 
duct is a br o w n mast eonsiiting, aooonung to Xhfinaid, of aicalric pboepliide and 
<^eic pyrophosphate ; ‘ ' ^ 

14ChO + P« - 60a*F* + 2Ca*P»0». 

Aceording to Qmelin (Haadb. ill 188), it is a mixture of tnonoealcie plioephide find 
t^jeatiric phosphato: 

8CaO + - fiCaP* + Ca^PO*)•. 


Possilfiy both thoBo nmxioas may talw place together. Tha pcodnet^ whan Umewn 
intowater, to Immedmlatydeeampoaedr wito evoUitkm of apontaimoiiety hrfhiutnahto 
yhonphofitteil.hydrc^w r 

*CeF* + 80aHKP + P*; eaSCh^ «HH> •• 4PH* ♦ «C«0 4 P«. 

of tim dtoai^lji|oi%hid^^ atoo be deeompoeed in the manner lep w i e i rt i d Jyi 
Ute eoniiion'S - 

+ ioio. 


Th« fonuAtion of the compound PH*, may aceoont fertile Inteitmabifite 

of the gao. (See Phosfhobbttbd Htdboobn, under PuoSFHOBue.) 

CAJUKSXUMt SBSUBVXnaS OTm A monostlmide ia .p^pitating 

chloride of calcium with mouoselcnide of potassium ; it is a flesh^lottreo pi^pitate. 

A polysdenide, 'mixed however with selenite of calcium, is ‘ pr^ue^ oy> heating 
lime with selenium to a temperature just below redness. Itime-watto saturated with 
seleniuretted hydrogen, deposits ciystals of [mono ? ] aelenide of calcimn irhen ^^Msed 
to the air. , ” . 

OA&OimC, SinUPBXBBB OTm The 7/umosulphidet Ca^S, is prepar^ : 1. By 
decomposing the sulphate with charcoal or coal. — 2. By decomposing the sulphate, at a 
rod heat with carbonic oxide: Ca'^SO* + 4CO « Ca'^S + 4CO* — 3. By passing sub 
phurotted hydrogen oyer red-hot lime, water being farmed at the same tiine. It is 
white, amorphous, with hepatic taste and alkaline reaction, but sparingly 

soluble inwat^: boiling water decomposos it, yielding sulphydraile and hydrate of 
calcium ; 

2Ca"S + 2IPO = Ca"H*S* + Ca"IPO*. 

Mixed with water, it is easily decomposed by carbonic acid, yielding carbonate of 
calcium and sulphydric acid : 

Ca"S + n*0 + CO* = Ca"CO* + H*S. 

The monosulphido, after being heated, shines in the dark ; it was formerly called 
Canton^i Phosphorua. 

Liatdphide of Calcium^ Ca*S*, is formed by boiling milk of lime with sulphur and 
water, but not long enough to allow the lime tt> be completely saturated. I ho fil- 
tered liquid on cooling deposits crystals, whoso composition agrees with the formula 
Cu*S*.3H*0. (Horscholl.) 

' Pentastdpkide of Calcium^ OaS^ is pioduccd when the monosulplitdo or hydrate 
of calcium is boiled for a considerablo time with excess of sulphur. It absorbs oxygen 
with avidity. When hydrate of calcium is used, there is also formed an oxysulplude 
represented by tho formula Ca*S*O.20H*O or fiCaS.CaO.20H*O. (H. Uuse.) 

Sui.iuiTi)BATK or Calcium, Ca^'II'^S* or Ca"S.H*S, is formed, together with tho hydr^c, 
when the monosulphida is repeatedly l>oilcd with water. The best modo of preparing 
it is to pass sulphuretted hydrogen through hydrate or sulphide of calcium suspended 
in A cousiderabls quantity of wat<T, as long as it is absorbed, stirring well all the 
tliusdbrmod has a sharp, bitter, hepatic taste, an alkaline reaction, 
and caiiitl^iy. The compound cannot be separuted from it in the solid stato, 

eyea by erapoilifeibn in vactio or in hydrogen gas, being resolved, as soon as crystalli- 
sation begins, into sulphydric acid which escapes, and sulphide of calcium which 
separates in silky prisms. If the solution be Imiled down in a retort containing ah', 
sulphydric acid escapes and oxysulphide of calcium is deposited (p. 716). 

Bulph^drate of calcium may be used as a depilatory, and is recommended for this 
application by B ottger (Ann. Ch. Pharm. xxix. 79), in place of sulphide of arsenic. It 
may be prepared for the purpose by passing sulphuretted hydrogen into thin milk of 
lime till the moss 8<^uire8 a bluish-my colour (from admix^ sulphide of iron). The 
paste thus formed, is laid, to the thickness of a line, on the surface fVom which the 
hair is to be removed, and scraped off after a minute or two- with a blunt kniib, the 
hair then coming away with it. If it could be produced cheaply. enough, it might be 
nsod for removing the hair from hides in the tan-jard. 

Slalactitic carbanaUof lime. It is found in pendulous eonieal 
rods or tubes, niammelated, massive, and in many imitative shapes. Fracture lamellar, 
or divergent fibrous. Lustre silky or pearly. Coioura, jriiite of various shades, yellow, 
brown ; rarely green, passing into blue or red. Tramncent, semi-hard, veiy oritlle. 
Large stalactites are found in the grotto of Antiparos, the Woodman's cave in the 
Han, the cave of Auxelle in France, in the cave of Castleton in Berhyshire, apd 
MacaJister eave in Skye. They are continually forming by the infiltration of oar^oidM 
lime water, through ttie crevices of the roofs of caverns. Solid masses of stalaetite hate 
been called orient alabaster. The irregular masses on the bottoms of caves are ^llsd 
stalagmites. 

A yellow laminar mineral, from Battenbecg ip HheniiA 
Batariai contaimiig^ according to Beissig, 34*01 per cent P*0*;' 24*34 Fe*(>*, 
2*00 Al^» 14*81 Ga'^O, 2*06 11^0, and 20*50 water (•> 99'27)ib0eonipoaition agreeing 
neaidy with the fbrmuU 2(3Ca''O.P*0*).2FeK>*.PKP 4* exhibits nw^eOb 

cleavage in one direction, and traces in two o^er ditectiona, each other 

perpei^cttlar to tlie first, and is therefore probably oet h c ri wiftR Bfeeeigc 
8 Oib— 2*03. Hardness •2*6. FOses readily before tho bleel^ mihlsg« 
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^obnlat. IHsioItm easily in hydrocftilorio acid* (Handir. d. Chem. ii [9] 
671-) * 

Ct^reoua 9par* CaicUe . — ^The rhombohedral form of carbonate 
of calcium. The primary form is an obtuse rhombohedron {Jtg, 116% in which the. 
leneth'Of the principal axis to that of the secondary axis as 0*8043 to 1» and the 
anSc of the terminal ed^ is 100^ 6'. Of this, there are numerous modiflcationa, 
whi^ are many acute and obtuse rhomboliedrons, and likewise scalenohedrons, 
distibnetly deayable paralld to the faces of the primary rhombohedron. The 
nrimaiy form, 4^ B, seldom ocouxs as an unbroken crystal in pure calcspar, but is the 
prevailing fonn'of bitter-spar (Ca; Mg)CO».afost of the forma occur only in combination. 
The dimensions of the most frequently occurring rhombohedrons are given in the fol- 
lowing table, eadi of them bcilng the next acuter rhombohedroii with relation to the 
one Aove, and ohtuaer with relation to that next below ih (See CaTSTAX.LO- 
OUAPBT, BaxAsmai. Ststbm.) ^ 


Prificlpftl 

axil. 


Inclination of fkcai 
at terminal edgee. 
1660 2' 

1340 57' 
1000 0 ' 

780 01' 

600 00' 


InelinaiitMi of fhoce 
at lateral edges. 
230 08' 

400 3' 

740 00' 
1010 9' 
1140 10' 


These forms, and combinations of them, are shown in figures 110, 116, 117, 118, 119, 
120, 121. Fig, 110 is one of the most common of the rhombohedrons, ami is foe* 


Fig. 110. Fig. 116. Fig. 117. 



Fig. 118. 118. Fig. 190. Fig. 121. 



quently found alone, but still more frequently in combination with the hexagonal 
prodndiiff the form aeen in fig. 122. it occurs abundantly at Andieaabmgln thaJEbf*. 
and in de muMa of JDNerbyahire. Among the aealanohedrena, ia tha variatw qpllad 
9 par^ + BP (fig. 123% in which tha indinationa of t^ fitoea in the ta miln al 
ad^ are 104^ 88' end 144^ 24'. It ia fonnd in Derbjshira and othar loeaHtfaiL It 
frequently oeoBs alao in hemitrapie twin-czystala (fig. 124% wbidi may be supposed 
to be fomed Igr cuttiim the crystal (fig. 123% in halTca ly a horiBontal pla^ and 
turning one of the balm&tlirotti^ an a^^ of ISO^. 

/ The apedlle gn||||[HR^P^^^ ciyatda of calcapar ia 2'721« Haxdneas Mni 
intasmeoiate be4snH|Hfium and fluorspar. Calcspar when pure is edourlsM^ but 
ffren f ud indto wajd^BpSjpf jalh’irr green, ted, brown, and even black, addngr from 
impuriticu, Xjuarontma' ^franduesfrtmere or leas, and when transparent^ ceotfbif* 
Vofc.1. 3 A 



722 
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in a Temarkable degree, the double refhLCtioti of light. This piopeHy U best seeit ia 
the beautiful obtained from Iceland, hence known, as ledand spar. Theta 

eijBtals exhibit the ground-form B, being in fact merelj fragmentd)^ laxj^ ojstiiU. 


Fig. 122. Fig. 123. Fig. 124. 



Calcspar occurs in all parts of the world, and Is one of the most abundant .of 
minerals. The lead-mines of Derbyshire and Cumberland, and of Andreaabcrg in the 
Harz, are noted as affording the most beautiful crystals and the j^eatest Tariety of 
form. rRespecting the circumstances under which carbonate of calcium assumes the 
forms of calcspar and of arragonite, see Abraoonitb, p. 35S.] 

CAPKSWl”!*. An alluTial form of carbonate of calcium, probably deposited from 
ealcaveous springs. It has a yellowish-grey colour, a dull lustre internally ; a fine- 
grained earthy fracture ; is opaque, and usually marked with impressions of regetable 
matter. Its density is nearly the same as that of water. It is soft and easily cut or 
broken. U. 

OA&OV XiinBI. or STOITS. The name generally given to all hard concretions, not 
bony, formed in the bodies of animals. (See Bbzoars, Biliabt Caxcuu, Ubinart 
C anotnu.) 

OJLlABMTa. A mineral from Nepal, said by Sdehting (Deutsche geolog. 
Gesellschaft, ix. 4) to be a kind of garnet. 

OAJUaM>iriTa. Cupreous SulfhocarbonaU of Lead, from Leadhills in Scot- 
and, consists, according to analyses by Brooke (Ed. Phil. J. iii. 117), and Thomson 
(Phil. Mag. 1840, p. 402), of 3Pb"SO\2Pb’'CO*.Cu"CO*. it occurs in prismatic crystals 
of the trimetric system, with numerous secondary faces, sometimes large, but usually 
minute, and occasionally in branches diverging from a point Specific gravity « 6*4. 
Hardness « 2*6 — 3. Colour • verdigris- or bluish-green. Streak greenish- white. 
Lustre resinous. Translucent Fracture uneven. Rather brittle. It is easily re- 
duced before the blowpipe, and dissolves partially in nitric aci^ with separation of 
sulphate of lead. 

OA&smvUW. A mudlamoua substance extracted from the leaves and flowers 
of the common marigold, CaUnduU offieinalu. (Geiger, Diaa. da CaL off., Heidelb^, 
1848.) 

CUtUC0«WiUar The art of dyeing cloth (chiefly cotton and linen), 
topically that is, impressing Agurra in one or more colomra on certain parts of the 
doth, while the rest of the surface is left in its original state. (See Urda Dictionary 
tffArU, Manufacturea, and Mines, i. 421.) 

OMJUUPOMMMM. A bitter principle extracted from Ckica CaUfomica. (W inckler, 
Buchn. Bepert. xxxiL 20.) 

OJhUDM.TJk MM MM i. See CnrcKowA Babx. — OAX&AIM* See Tummoia. 

An ericaeeous plant, commosiy called Ling. It 
eontains, according to BodJeder, a peculiar tunnic acid ; the leaves and bnuicbes 
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contain a tiap^ oi Tolatile oil, an acid, piobaUy citric acid, and a amidl qoantil^ of 
cricolin. 100 pts. of th^ wr-dried plant yirid, according to Sprengel, 1*05 aril (L) 
Botha ibnnd in plant collected at the end of Angni^ d‘65 per cent water, and 
the dried plant jdefded 6*36 per cent, ash (n.) Nntringer fbnnd in ^e air-weri 
plant growing on moor-land, 2*87 per cent, ash (m.) ; and Thielau found in the flower- 
ing plant growing on the lias aand-stone, 3*32 per cent, ash (rr.) The ash contained 


ill 100 pts : 

K*0 

Ks*0 

OaO 

MgO 

APO* 

FSiOS 


a 

SO* 

p*o» 

Slot 

r. . . 4 S 

. 10* 

S6‘S 

8-4 

*8 

8*7 

4-6 

49 

6*S 

0-6 

S8-7 

II. . . 10*6 

o*s 

ISO 

67 

... 

4^9 

41 

.1.. 

1-7 

109 

48-1 

III. ■ * 6*4 

6*6 

sss 

S-0 

08 

S-0 

8-8 

1-8 

1-4 

49 

8S-7 

IV, . 

S96 

ys5 

6*6^ 6*5 

1*8 

47 

4-1 

1*0 

8*8 

80*9 


oJbUtiVTASnrzd JICXB. or (Itoehleder, Ann. Oh. Pharm. 

Ixxxiv. 864). — ^The tannic acid of Calluna mtigarii. To obtain it, the aloohoUc extract 
of the green parts of Hie plant (without the root) is mixed with water ; the Uquid Altered 
fmm a green precipitate of fat» clilorophyll, &c., is precipitated vrith acetate of lead ; the 
washed precipitate treated with very dilute acetic acid, in which it is but partially soluble ; 
the filtrate mixed with excess of sub-acetate of lead ; the resulting yellow precipitate 
* decomposed by sulphuretted hydrogen ; and the filtei^ liquid evaporated on a chloride 
of calcium bath, in an atmosphere of carbonic anhydride. Callutannic acid then remains 
Bs an inodorous amber-coloured mass. Thiaacid does not form any definite salts with 
the alkali-metals, alkaline-earth-metals or sUver : for its solutions m alkalis or alkaline 
earths quickly absorb oxygen from the air, aud oxide of silver is immediately 
reduced by it. Kodileder hLi obtained two lead-salts to which he assigns the formula 
r>Pb0.H^0.2C>^H'*0* and 8Fb0.2H^0.8C^*H**0*, and a stannic salt said to contain 
7Sn0*.2H*0.2a^»0«. 

Callutannie&id may be used to dye wool. The aqueous solution mixed with stannic 
chloride and a few drops of hydrochloric acid, and heated to the boiling point, imparts 
to wool mordanted with alum, a sulphur-yellow to chromo-yellow colour, acoor^g to 
the strength of the solution and the time of immersion. 

OAlBAVflLaVTBZir. — A yellow floocnlent substance obtained by 

boiling callutannic acid with dilute minerm acids. It is sparingly soluble in cold 
water, easily in hot water and in alcohol. It dissolves also in alkaline liquids, but 
the solution quickly absorbs oxygen, and is then precipiUited by dilute acids in red- 
brown flocks. (Kochleder.) 

CAJtOWDKMt* Hemichloride of mercury or mercurous chloride. See Mbac^jst* 

CJfiXOWn&VM SJBSXW. Mavna^ re^n, — A resin foom llaynss 

in South America, obtained from CcUophyllum Caloba or C, Umg^foUum, It has the 
aspect of common resin, dissolves in alcohol, ether, and oUs, both fixed and rolatilc, 
and crysfoUises from boiling alcohol jn small transparent colourless prisms of speciflo 
gravity 1*12. It melts at 106^ 0., but does not resolidify till cooled to 90*^. It is 
decomposed by dry distillation ; dissolves with red-brown colour in sulpburio seid, 
but is precipitated unaltered by water ; and when heated with nitric acid of sperifle 
mvity 1*32, is said to yield butyric and oxalic acids, pother with another acid widch 
does not precipitate calcium-salts. With ebromie acid, it is said to yield esrbonio 
and formic acids. It dissolves in alkalis. (Levy, Compt. renA xviiL 242.) 

CA&DStanTBK. An instrument for the estimation of^latent beat^ spseifie 
heat, heat of combustion, &c. (See Hbjlt.) 


OJL&OSnMIOTOm. A voltaic arrangement consistinff of one pair or a flaw jmItb 
of very large plates, used chiefly for producing considerable heat ein^. (See &«aKv 

TBICSTT.) 

OAXSntOSngAXWn. Shop'trd’s name for a variety of heavy spar from 
Shoharie in New York, mixed wit h carbonate of strontium and calcium. (SOL Am. J. 
xxxiv. 161.) 

OAJMnVOUTB. A mineral from Haddam and Ifittletown in Oonneeti0lit» 
crystallised in square prisms of iq>ecifle mvity 4*84, hardness 6‘6. Pcobabfy an 
altered sireon. (Shepard, SiU. Am J. xii. 210.) 

CUkmOUnr sssm. a resin from Morus tndiea. 


O.UCmUJk JJkWOMXOJLm The leaves contain tannin, whieh is spariogfy 
precipitsted by gelatin, abundantly by lead and iron salts : they do not oontsia theiaew 
(Stenhonse.) 

.ClAJnraJUMV WO0Ai Sea Logwood. 

VMaanUkauo Jton and OASmUkStSML See OaxKKomaiije Asm and 
CamvonaMiDB. 

3 a 2 



■^24 CAMPHEHU— CAMPHEl^S. 

OAUVBflinL This term is used in TariouB ways; sometimes as a'generic name 
for the hydrocar^ns isomeric or polymeric with oil of tnrpentinei sometimes as the 
name of the radicle of camphor and its s^ed oompoondcu By Dumas and 

Berthelot. it has been applied e^cially to the hydrocarbon, also containing G’*H” 
obtained by the action of alkalis on hyd^hlorate of turpentine-oil. Laurent applied 
the same appellation to the radicle of oil of cloyes, eugeniti, d^c. 

Chlorinated and brominatod doriratiTes of camphone, e. y. and 

are obtained by the action of chlorine or bromine on oil turpentine and its isomers. 
A monochlorocam^hene^ C*®H'“C1, and a dichloride of camphem^ C'®H’*C1*, are produced 
by the action of pentaehloride of phosphorus on camphor (see p. 728). 

CAMlPKSSrSS or Terebenes. The generic name for the Tolatile oils or hydro- 
carbons isomeric or polymeric with oil of turpentine. Most of them are isomeric 

and consist of C'®H'®, <?. y. oil of turpentine, oil of lemons, oil of junip«r|«^atchin, 
&c. ; some, as colophcne, appear to consist of C*H". ^ 

Many camphenes exist ready formed in plants, as the oils of juniper, lemon, and 
turpentine ; they are often contained in the natural oils associate with oxygenated 
compounds, and may be separated therefrom by fractional distillation, as carvenefrom^ 
oil of caraway, borneene or ralerene from oil of valerian, dee. Many are producecl’ 
from oxygenated compounds containing C**H'*" + water, by the action of phosphoric 
anhydride (c. g. borneene from borneol, cinsebene from wonnseed-oil, &c.) Others are 
formed from oxygenated oils by the action of hydrate of ^tassium (oil of sage and 
Others) ; some by diy distiUation, as oil of amber, caoutchin, &c. 

All the camphenes are liquidatordinary temperatures (except Berthelot’s campbene, 
which is a solid melting at 46® 0.) ; they have for the most part a density of 0*8 to 
0*9 (oil of parsley is the only one heavier than water, specific gravity 1*0 to IT), 
■-''and boil between 166® and 166® C. ; their obsenwed vapour-density varies from 4*6 to 
4*8, the formula C*®H‘® calculated for 2 vol. giving a thoretical density of 4*7. A few 
only boil at higher points, -viz. oil of copaiba at 260^ C. ; petrolene at 280® ; colo- 
phene at about 310°; ciuRepheno at nearly 320®, metaterebene about 360®. The 
observed vapour density of car^ ene is 6*1, of tolene 6-7, of petrolene 9*4, of colopheno 
11*1 ; the formula calculated for 3 vol, requires 9*4. 

Camphenes are distinguisliod one from the other by their odours, which in some, as 
oil of lemon, are very fragrant, jn others, as in oil of copaiba, extremely disagreeable ; 
also by their action on polarised light All natural camphenes possess the optical 
rotatoiy power in a neater or less degree, some turning the plane of polarisation to the 
right, others to the left; but e’V’on in the same oil, the strength and direction of the 
' rotatory power vary according to the temperature and other circumstances. 

Camphenes readily absorb oxygen and convert it into ozone. Iodine for the most 
part decomposes them readily and with evolution of heat, sometimes even with slight 
explosion, the iodine taking the place of a portion of the hydrogen ; this reaction 
serves to detect the admixture of camphenes, oil of turpentine, for example, with other 
volatile oils. Chlorine and bromine act in a similar manner. 

Camphenes treated with bromine and water are easily converted into brominated 
oils (Qr. Williams, PhiL Mag. [4] v. 636). According to Chautard (Compt. rend, 
zxxiii. 671 ; xxxiv. 486), camphenes distilled with water and bromide or chloride oj 
lime, yield, amongst other products, bromoform or chloroform. 

Most camphenes unite with hydrochlmc acid, forming either liquid or crystallised 
•ompounds, frequently having the composition C'®H'**.HCl or C**H*".2HC1 ; these 
compounds, called artificial camphors, have the same rotatoiy power as the oib from 
which they are produced. Similar compounds are formed with hydrobromic and 
hydriodic acid. 

Natural camphenes treated with acids, especially with strong sulphuric acid, gene- 
rally undeim an alteration of molecular arrangement without change of chemicaJ con- 
,* stitiition, the odour being for the most part greatly altered, sometimes also the 
density and boiling {x>int{ but the most characteristic altomtion is the loss of optical 
. fotatoiy power, A camphene often yields several isomeric modifications by treatment 
; with difiTeront acids, or by repeated treatment -with the same acid. The new camphenes 
thus produced are called camphenes of the second order, or sometimes cam- 
pherenes. Another class, called camphenes of the third order, or sometimes 
camphilenes, are obtained by the action of lime or baryta at high temperatures 
on the hydrochlorates of other camphenes ; these are also optically inactive ; and 
generally differ greatly in odour the original eami»hene8, but often exhibit nearly 
the same speoific gravity and boiling point. The camphenes of the second and third 
orders are decomj^ed by chlorine, bromine, and iodine, and form liquid or crystallised 
covn[>ounds with hydrochloric, bydrohromic, and hydriodic adds. 

The camphenes are a very numerous cla-ss of liodies ; the principal of them aro : 



CA&mERESES^GAMPniNE. 


Oil of bergamot ' 

Bomeene 

Oarvene 

Caoutcbm 

Cimebeue 

Neutral oil of cloves 
Oil of copaiba 
Oil of elemi 


Oanlthertleoa 
Oil of ^mart 
Oil of Hops 
Oil of juniper 
Oil of lemon 
Oil of orange 
Oil of parsley 


Oil of pepper 
Petrolene 
Oil of savin 
Tbymene 
Tolene 

Oil of turpentine 


79A 


For details relating to speciilo gravitv, boiling point, vapour-density, and rotatory 
power, see the several oils. (Handw. d. Cliem. li. [2] 691; Om. xiv. 271 — 322 and 
536—404.) 

OABUPBUSim* Camphenes of the second order (p. 724). 

' OAnOBntT& or OAlDBaUlA A name applied bv Laurent to the im- 
pure camphorone (^. e.) which he obtained from camphorate of calcium. 

CABSPHXO AGXD. C^*H**0^ ? — ^A product obtained, together with bomeol, by 
beating camphor with alcoholic soda-solution in sealed tubes to 170® — 190® C. 

2C"H*«0 + BPO » C‘®H«0 ¥ 

Camphor. Borueol. Camphic acid. 


On neutralising the product with sulphuric acid, dissolvi^ out the camphute of sodium 
with alcohol, evaporatij^ and again adding sulphuric acid, the camphus acid separates 
as a nearly solid, coloured, mass, heavier tiian water, sparingly soluble therein, easily 
soluble in alcohol. It is decomposed by nitric acid. The potassium and sodium-salts 
nro nearly insoluble in strong alkuline leys ; they precipitate the salts of copper, iron, 
lead, silver, and zinc, not those of the alkaline-eara metals; all the precipitates are 
soluble in a large quantity of water. (Berthelot, Ann. Ch. Phys. [3] Ivi. 94.) 

CAMPBZBB8. This term was applied by Laurent to nuclei in which the com- 
bustible hydiogen is replaced by oxygen. 

CAMCFKXXiBWa. Lovillo’s name for the eamphene obtained by treating hydro- 
chlorate of turpentine-oil with lime. Cumphenes oi the third order (p. 724) aresome* 
times called camphilcnca. 

CAMEFBXBKXXia. See Camphobihidb. 

CAXlKPBZar. or (Claus, L pr. Chem. xxv. 262 ; Gm. xiv. 448.) 

— ^Formed, together with campho-creosote, colophene, and campho-resin, bv triturating 
camphor with an equal weight of iodine, and distilling. A black mass then remains 
containing campho-resin, and the distillate separates on standing, into a watery layer 
containing hydriodic acid, and an upper oily layer containing camphin, campho-croo- 
sote, and colophene. To obtain the camphin, the mixture is agitated with mercu^, 
to remove iodine, then rectified per se, and the most volatile portion shaken up with 
potash-ley, and repeatedly rectified over potash-lime to remove iodine ; it may also be 
freed from the last traces of iodine by setting it aside with potassium and rectifying. 

Camphin is a thin colourless oil of specific gravity 0*827 at 25® C,, and toiling 
167 — 170® under a pressureof 28 inches. It has a pleasant odour, like that of oil of macs, 
somewhat also like turpentine. It gave by analysis 86*06 per cent. C and 12*70 H ; 
the formula requires 86*96 C and 13*04 H, while C*!!'** requires 87*10 C and 

12*90 H. Gerhardt regarded it as impure cymene, (89*6 C and 10*5 H). 

Camphin bums with a bright but very smoky flame. It dissolves in (tlcom, 
oil of turpentine, and rock-on; but not in water, weak alcohol, potash, or dilute aeidi, 
or even in strong hydrochloric acid. It absorbs a small quantity of hydrockioric acid 
gas. It is but slightly attacked by sidpkunc acid, ?iitrw amd, with aid of heat, 
converts it into a yeUow nitrogenised oil, smelling like cinnamon, or by prolonjged 
heating, into a red oil soluble in potash. Pentackloride of antimony oonvei^ it mto 
a resin. 

Camphin is readily decomposed by cklortne and hromine, yielding subsHttUion-pro^ 
ducts. The chlorocamphins are transparent, colourless, oily bodies, which, when 
treated with alcoholic potash, yield chloride of potassium and a chlorinidwd oil haviiig 
an agreeable odour, Claus oDtoined two compounds, which he regarded as C*H**Cl* 
and^H*®a*. 

OAJMEnZBB. This term is applied in commerce to purified oil of turpentin^ 
obtained hy carefully distilling the oil over quick lime, sometimes also rectifying it 
over dry chloride of lime ; in this rnann^ it is obtained quite free from resio. ^ 
some cases, the oil is treated with sulphuric previous to rectification. This puri- 
fied turpentine-oil is much used for buniing in lamps, giving a very brilliant Os^t* 
It is however very apt to smoke, and must therefore to burnt in lamps of peem^ 
construction, with vezy strong draught. A solution of camphino in three times its 
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7iG CAMPHOCREOSOTE— CAMPIIOLIC ACID. 

volume of alcohol of specific gravity' 0*820, fk)metimes with ^dition of a little ether ta 
ensure more complete solution, is also used as an illuminating matenal, and maj be 
burned in ordinary lamps with argand burners. ^ 

OAMPBOC&SOSOTB. A product of the de^mposition of camphor by iodbe 
at high temperatures ; according to Schweizer, it is probably identiciu with carva. 
crol (g. tr.) 

CAMPBOOEir. Dumas’ name for the hydrocarbon obtained from cam* 

phor by the action of phosphoric anhydride ; it is identical with cymene {q. e.) 

O AMPBO&* This name was applied by Gerhardt to the camphor of the Laiiraceee ; 
but Berth elot has recently applied it (Ann. Ch. Phys. [3] Ivi. 78), to Bomeolor 
Bomeo-camphor, which he reganls as the alcohol of a series in which common camphor 
is the aldehyde, thus : 

Ethyl^erlet. Camphyl-terloi. 

Ethybaloohol, C*H«0 Camphol, 

Aldehyde, C"H*0 Camphor, C'^H^O 

Acetic acid, Camphic acid, 

Chloride of ethyl, C*HKJ1 Chloride of camphyl, C'®H''C1 

Ethylene, C^H* Camphene, C‘*B['* 

Camphol is produced by treating camphor with alcoholic potash (p. 626), just as ben- 
zylic alcohol is produc^ from benzoic aldehyde (p. 678). It is also formed by distilling 
amber with \ of its weight of potash and a large quantity of water. 

Prom later experiments by Berthelot and Buignet (Compt. rend. 1. 606), it 
appears that the several bodies to which the name camphol has been applied, are iso- 
meric but not identical, being especially distinguished by their different rotatory power, 
which in camphol from common campnor *■ + 44*9® ; in natural camphor or bomeol, 
M +33*4®; in camphol from amber ^ + 4*6*^; while in laevo-rotatory bomeol, or 
camphol obtained from madder-camphor (p. 626), it is — 33'4‘’. 

According to Berthelot, camphol heated wdth acids unites with ^em, like all 
alcohols, with elimination of water. The resulting compound ethers may be purified 
by removing the excess of acid with slaked lime and ether, and distilling off the excess 
of camphol by prolonged heating at 150 *^0. They are colourless, neutral, soluble in 
alcohol and ether; some are liquids, others crystalline; the latter melt at a lower 
temperature than camphol. Alkalis decompose them into acid and camphol, the latter 
exhu)iting its original properties. Benzoate of camphol, C”H"0* *= C’H*(C‘*H^’)0*, 
is a neutral, colourless, inodorous oil. — St*’arateof vamphol,Q‘*H.^^O‘^ ■■ C**H**(C'®H”)0*, 
is colourless, ino<lorous, viscid, solidifying after a while in a crystalline mass. — Chloride 
of camphyl, C'®H''C1, obtained by heating camphol (bomeol) with strong hydrochloric 
acid to 100° C. in a sealed tube for 8 or 10 hours, and purified by vmshing with 
dilute potash and crystallisation from alcohol, has the aspect, odour, and empirical 
composition of hydrochlorate of tuipentine-oil or artificial camphor (C'*H**.HC1), 
but turns the plane of polarisation to the left, somewhat less strongly than bomeoL 
Heated to 180°C. with alcoholic soda-solution, it yields chloride of sodium and bomeol. 
By this and by its rotatory power, it is sufficiently distinguished firom hydrochloiate of 
lurpentine-oiL (Handw. d. Chem. 2** Auft. ii. [2] 696.) 

CAmvOUUra. C”H'*. A liquid hydrocarbon obtained by distilling campholie 
acid with phosphoric anhydride. Yaponr-4ensity 4*353. (Delalande.) 

OjAJKVSOUO ACZII. Bomenio acid. ■■ C'®H*’O.H.O. — Produced by 

the action of hydrate of potassium on camphor. The quantity found under the ordi* 
nary atmospheric pressure is but small : but if the camphor be enclosed, together with 
potash-lime. In a sealed combustion tube of the ordinary dimensions, and its vapour 
made to pass several times over the heated potash-lime, about 5 or 6 grammes of 
purified acid may be obtained from each tube. To isolate the acid, the contents of 
the tube are digested in water, and the solution decomposed by a stronger acid. The 
campholie acid is then deposited as a oystalline ma^ which may be purified by dis- 
tiUation. It is white, ana crystallises well from a mixture of ^cohol and ether ; melts 
at 50® 0. ; boils without alteration towards 250®. Insoluble in water, but imparts to 
it on aromatic bdour. Vapour-density 6*058. DLstillod with phosphoric anhydride, 
it yields campholene, carbonic oxide being probably evolved at me same time : 

C»®H**0* - CO + H*0 + C®H“ 

It'is monobasic. The calcmm^scit, Ca''(C*®H*^0*)*, is a snow-white crystalline powder 
obtained by pouring chloride of calcium into a nearly boiling solution of the acid in 
excess of ammonia. By dry distillatioD, it yields an oily body called 
C>®H«0 : 

Cb«(C'®H'’ 0«)» » CaCO« + C**H®K). 



CAMPHONE-^C^PHOR. 



obtained by decomposing the neutral amuioninm-sali with nltrato 

ailvcr. foriBB cnrdy flakes. (D eUlande, Ann. Ch. Phys. [8} L 120.) 

^jjuoraairlk Sya^MsC Cncmia. 

fyit^***^^*m* ^ JagQ JLOm. Oomphorate of methyl and hydrogen. (See 

Cavfhobio Aom, p. 73 A) 

CABKPBOaU C**H**0, (Gm. nir. 358; Gerh. iii. 821).— A oyatalline substance 
obtained from the Laurm campkora aiid other plants in which it exists ready formed. 
There arc three modiflcations of it» identical in composition and chemical properties, 
but differing in their action, on polarised light, viz. dt xira^am^thor, which turns the 
plane of polarisation to the right, It^vo-campAor, which turns it to the left, and ituic^'vs 
vamphor, wliich has no action on polarised light 

a. Dexiro^amphor, Laurel or common camphor. This Tariety exists in the wood 
and bark of scTerai trees of the Lauraceous order, chiefly in the Laumta e<tmphora^ a 
tree indigenous in Japan, Java, Sumatra, and Borneo. The process of extraction is 
very simme. In China and Japan, the woini, sawn into billets, is distilled with water 
in a kettle covered with an earthen capital lined with rice-straw, on which the crystals 
of camphor are deposited, being carried up by the aqueous vapour. The Mda 
oampbor thus obtained is expor^ to Europe, where it ispurifled by sublimation. In 
Sumatra and Borneo, the wo^ is split with wedges, and the camphor, which is A>nnd 
between the fibres in tears and crystals, is extracted ; a single tree sometimes yields 
as much as twenty pounda 

Dextro-camphor is also produced artifleially by the action of nitric acid on bomeol 
or camphor of Borneo, C'^H‘*0 (pp. 626. 726). 

Camphor crystallises by sublimation, or by slow deposition from an eleohoHcsoliition, 
in octahedrons or segments of octahedrons. It is white and semi-transparent, like ice, 
rather tough, sectile, and not easily reduced to powder without the aid of a little 
alcohol. It melts at 175*^0. and boils at 204° C. evaporating completely away without 
alti-ration. Its specific gravity varies from 0*986 to 0*996. Vapour-density ■« 5*317 
(DumasV ^Watt^r dissolves pt. of camphor, and thereby acquires its 
smell and taste. When small hits of camphor are thrown into water in a broad basin, 
they revolve and move aliout with more or less velocity, in proportion to their small- 
ness. These rotations are attributed to the force exeitM by the vapours rapidfy ex- 
haled from the camphor on the surface of the water ; but the explanation is not vexy 
satisfactory. If a pin-point slightly smeared with oil be dipped into the water, all 
the motions cease instantly, and the particles of camphor arerepeUed flrom the pin-ipot 
by the spreading film of oiL The dispersion of tihe camphor-vapour is made tcit 
striking by the repulsion of the water on a moistened saucer from fj^ points on wWaa 
bits of this substance are laid. 

Laurel-camphor is soluble in alcohol, ether, acetone, acetic acid, wood-spirit, mil* 
phide of carbon, and oils. 100 pts. of alcohol of specific gravity 0*806 dissolve 120 pta, 
of camphor. It is thrown down almost entirely in flocks by the addition of water. 
Camphor augments in a remarkable degree the solubility of corrosive sublimate ill 
spirit of wine. 

The optical rotatoiy power of the alcoholic solution of camphor, is 47 4 for e length 
of 100 millimetres. According to Arnd tsen (Ann. Ch. Phys. [2] liv. 403), it increases 
with the refran^bility of the rays much more quickly tliau is oheewed in any other 
substance. Solid camphor does not exhibit any rotatoiy power. 

Beantiona, — 1. Camphor, when set on fire in the afV, Dums with a smoky flame^ pro- 
ducing water and carbonic acid. Spongy platinum^ or a coil of fine platinum wise 
on camphor, begins to glow when the camphor is set on Are, aiid continues glowing 
afler the flame is blown out. Camphor is set on fire by ohloroehromie acid, — 2. 
prolonged boiling with nitric acid or permanganate of potascium, it ii converted into 
camphoric acid (p. 730). — 3. Heated with strong sulphuric acid to 100° C. for* 12—13 
hours, it is converted into camphrene, with evolution of sulphurous anhydride 

and separation of charooal (Ghautard, Compt. rend. xliv. 66). Aoeordiiig to JOela^ 
lands (lustit. 1830, p. 390), camphor heated with excess of strong sulphnrio add, is 
convertM into a volatilo oil, which has the chemical properties and composition of 
common camphor, but less rotatory power, and when heated with potash to nearly 
2(K)o C. is converted into a solid camphor, whose rotatory power is mtennedxate be- 
tween that of common camphor and that of the oily camphor. Oerfaardt supposed that 
the oil obtained by Pelalande was cymene ; according to Chautard, it is eamphrsne 
cuntainiog camphor. — 4. Camphor-vapour passed through a neLhvt glass or poredatn 
tulte, yields a combustible gas and an oil soluble in alcohol (Saussure). — 6, When 
the vapour of camphor is passed over red-hot iron^ an oily Honid is produced, eontain- 
ing naphthalene and a hydrocarbon boiling at 146° C. and having the compositioii 
nf nenseiLe (B'Areet, Aj^ Ch. Phys. [2] IxvL 110}.— fl. Caai^m distiUro with 
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2 pts. altmina or day, is resolved into carbonic anhydride, carbnrettod hydioseaN 
empyreumatic oil, and a residue 6f charcoal.— 7. Distilled with ‘phosph/oHe anhyi^l 
it is resolved into water and cym ene, (Delalande, Ann. Ch, Phys. [^ji. aeg? 

Heated with concentrated phosphoric acid, it volatilises for the most part nndecom- 
posed. It is also resolved into water and cymene by distillation with chloride of 
—8. Oamphor-vaponr passed over lime, yields camphrone, an oily 

liquid boiling at 7 8® C. At a very bright red heat, this product is resolved into cai^nic 

oxide, carburetted hydrogen, and naphthalene (Fr6my, Ann. Ch. Phys^lix, 16). 

9. When the vaponr is passed over heated potaehrlime, under pressure, camp hoi ate 
of potassium, C^®H‘’KO* is produced (Delalande, p. 726).— 10. Camphor heated 
to 180® — ^200® C. with alcoholic potash or soda, is converted into borneol (Berthe- 
lot, pp. 626, 726). — 11. When camphor is triturated with iodine, and the mixtum is 
distilled, a dark-coloured oily liquid passes over, containing camphin, campho- 
creosote, and colophene, and a blackish residue is left, containing campho-resin 
(ClauBS, p. 726). — 12. Bromine unites with camphor, forming an instable bromide of 
c amphor, 0*®H*®0.Br, which is crystalline, and is decomposed by heat, by contact with 
air, and by the action of immonia. — 13, Chlorine exerts but little action on camphor, 
even in sunshine. — 14. With pentachloride of phosphorve, camphor yields oxychloride 
of phosphorus, and a crystalline substance, C*»H‘*01*, having the aspect of artifici«I 
camphor (hydrochlorate of turpentine-oil). It remains dissolved in the oxychloride, 
and may be precipitated by water (Oerhardt): 

+ PC1» = POCl® + C>®H>«C1* 

This compound yields by repeated dry distillation, a chlorinated oil consistinc of 
C‘®H»C1. (Oerhardt.) ^ 

According to Pfaundler (Ann. Ch. Pharm. cxv. 29), 1 at. camphor heated to about 
110® C. with 1 at. PCI*, yields hydrochloric acid, oxychloride of phosphorus, and chlo- 
rocamphene, C'®H'*C1, which is a white, soft, crystalline substance, having an odour 
of camphor. Its index of refraction is 1 ‘4 93 27. It is insoluble in water, but dissolves 
in 3*6 pts. of 87 per cent, alcohol at 14® C., forming an optically inactive solution. The 
crystals volatilise rather quickly at ordinary temperatures, melt at about 60® C., and 
then sublime, decomposing at higher temperatures. With 2 at. pentachloride of phos- 
phorus to 1 at. camphor, chloride ofcamphene, C*®H’*®C1*, is obtained in white 
crystals, resembling the preceding in aspect and in odour, but softer, and having an 
index of refraction = 1’50563, It dissolves in 4*96 pts. of 87 per cent alcohol at 
14® 0., fbrming a solution possessing Imvo-rotatoiy power. The crystals volatilise 
rather quickly at ordinary temperatures, and melt with partial sublimation near 70®. 
—16. If chlorine be passed through the solution of camphor in trickloTide of phos- 
phomts, various substitution-products are formed, according to the time for which the 
action of the chlorine is continued. Tetrachlorocamphor, C'®II*''C1*0* has been 
isolated, though not quite pure. If the action be continued for a long time, «.n<l assisted 
by heat, a colourless product is at length obtained, having the aspect of white wax, 
and consisting of 3ea!chloro-.camphor, C*®H>®C1®0 (Claus, J. pr. Chem. xxv. 269\ 
—16. When camphor is heated wim mercuric chloride, hydrochloric acid is evolvcMi, 
together with an odour of turpentine, and a carbonaceous mass containing calomel 
remains.— ^17* Bentachloride of antimony attacks camphor strongly, giving ofif hydro- 
chloric acid, and forming a resinous substance. — 18. Hydrochloric acid gas is absorbed 
ly camphor in quantities vai^ng according to pressure and temperature, as shown by 
the following table, which gives the quantity of the gas (HCl) absorbed by 100 pti 
camphor, at the temperature t and barometric pressure b : 


t 

24® 

20® 

18*6® 

18*6® 

13® 

9® 

7® 

7® 

3® 

3® C. 

b 

747 

740 

736 

744 

820 

288 

270 

740 

232 

738 mm. 

HCl 

19*0 

200 

20*4 

20*6 

15-3 

16*8 

16'3 

240 

17*0 

26*0 


At a certain low pressure, camphor no longer absorbs hydrochloric acid gas. This 
pressure varies with the temperature, being 220 mm. at 12°; 340 mnn at 16*0; 
800mm, at 20®; and 423mm. at 24®.(Bineaa, Ann. Ch. Phys, [3] xxiv. 328).— 
19.^ Sul^urous anhydride is quickly absorbed by camphor, forming a colourless liquid, 
which IS heavier than water, dissolves iodine and camphor, and when saturated with- 
camphor, contains 4 pts. camphor to 1 pt SO*. It gives off sulphurous anhydride even 
at ordinoxy temperatures. The quantities absorbed by 100 pts. camphor at various 
pressures and temperatures, are given in the following tables (Bine&u, loc. 

i 24° 24® 16*6° 16*6® 12*6® 12-6® 2® 8® 4® 4® 2® 2® C. 

h 624 746 866 744 629 727 804 682 490 720 649 660 mm. 

80* 26-5 86*4 28:0 47’6 87*3 60*6 38*0 67*4 46*0 78-6 48*4 72i) 


CAMPHOR, ARTIPICIAX.— cliSlPHOftAMlC AtlD. TSSii 

At 700 mm- pressure, 100 pts. camphor absorb of SO* : 

at 34® 20® 15*6® 14® 12*6® 10® 8® 4® CL 

•SS’l 87'7 44*3 46*8 48*9 64*0 68*6 70-6 

_20. Camphor absorbs the Taponr otiteraMde of nitrogen (or nitno oxide in presence 
of air), fuming a liquid 'which is decomposed bj water, diraolTes camphor, and 
when saturated therewith at 18®Oa, contains 100 camphor to 26-»27 peroxide of 
nitrogen. (Bineau.) 

A Lmvo^oamphor . — ^When the essential oil of fererfew {JPyrethmm parihmiwn) 
is fractionally distille^ and the portion which distils between 200® and 220® 0. is col- 
lected apart, it deposits on cooling a large quantity of camphor, similar in all respects 
to common camphor, excepting in its opticid rotatory power, which is equal and oppo- 
site, Tiz. fa] — —47*4 for a length of 100 millimetres. The camphor treated with; 
nitric acid yields Isevo-camphoric acid. (Dessaignes and Chautard, J. Pharm. [8] 
xiii. 241 ; Chautard, Oompt rend, xxxvii. 166.) 

y. Inactive Camphor . — ^According to Proust, the essential oils of seTeral labiate^ 
plants, ‘viz. rosemary, numoram, lavender, and sa^e, often deposit a substance like 
camphor. Xiayeuder camphor hius the same composition as laurel camphor, but is with- 
out action on prolonged light. (Duma a, Ann. Oh. Phys. xiii. 276; Biot, Compt. 
rend. xv. 710.) 

Bodies resembling camphor hut of undetermined modification, have been obtained 
by the action of nitric acid on the essential oils of tansy, semen^contra, valerian, and 
sage. Lastly, when amber is treated with nitric acid, it yields a distillate (k>ntaiDiDg 
camphor, 'which may be extracted by saturating with carbonate of potassium and 
ignitiug with ether. 

CJLBCPBOS, ABTZncZAA. Syn. with IIydboohloratr or Turpentims-oii.. 
(See Turpentimb.) 

C AMPBOB OP BOBJrao. See Borneol. 

CAICPBOB, OXXi OPa When the branches of the camphor-tree {Laurtie cam* 
phora) axe distilled 'with water, a volatile oil passes over together with camphor. 
This oil is mobile, colourless, has a strong odour of camphor and considerable dextro- 
rotatory power, and is resolved by fractional distillation into an oil boiling at 180® 0. 
and a portion Imiling at 206® ; the latter appears to be essentially the same as common 
camphor. The oil boiling at 180° is veiy much like oil of lemon, possesses strong 
dextro-rotatory power, ana forms with hydrochloric acid a ciystalline compound, which 
melts at 42®, and gives by analysis 67'34 per cent. C, 8*6 H, and 33*83 Cl, agreeing 
with the formula C**H**.2HC1. (Lallemand, Ann. Ch. Phj)rs. Ivii. 404.) 

The wood of Dryahalanope Camphora^ from which bomeol is obtained, likewise yields 
by boiling with water, a camphor oil, separable by fractional distillation into two vola- 
tile oils, having the composition one boiling between 180° and 190° C., the 

other at about 260°, and a resin, C“H"0* (?), which melts at a temperature a little 
above 100° (Lallemand). It is remarkable that the oil of Dryabalanops examined 
by Lallemand, did not contain bomeol. and that even the most volatile portion of it 
hud a boiling point much higher ^an that of bomeene (p, 026). The subject requires 
further examination. (See Drtabalanofs.) 

CA3BPBOBAJMUC ACXB. C»*H'*NO* - N.H*.(C**H‘*0*) | (Laurent^ 

Compt chim. 1846, p. 147.) — Derived from acid camphorate of ammonium by wlimi- 
nation of 1 at water; 

C‘*H*»(NH0O* - H*0 » 

The ammonium-salt of this acid is produced by the action of ammonia on a bpilintf 
saturated solution of camphoric anhydride + 2NH* - C»H*‘(NH^)NO»), and 

on treating the solution of this salt with hydrochloric acid and evaporating, camplio- 
ramie acid is deposited in ciystals, whicdi may be purified by solution in dilute ahwhol 
end spontaneous evaporation. It is then obtains in splendid crystals, beloimng to 
the trimetric system, 00 1* 00 . ceP oo . F oo, ^th ooP and P raborainat^ Inciin^ioii 
of the faces: Poo : Poo «114°3C/; Poo : ojFoo « 122® 46'; Poo : P - 166®; ooPoo ; 
*>P • 131° 40'. It is colourless, moderately soluble in hot water, less in cold more 
easily in aloohoL A small quantity melted on a plate of glass, partly crystallises in 
rhombs^ while the rest solidifies slowly into a transparent vitreous mass. 

The acid is monobasic. Its ammonium-ealt, C**H«(NH«)NO» + H*0, 

^ell, has a slightly acid, hitter, transient taste, and melts at 100® C. It dififers from ' 
neutral camphorate of ammonium, with which, in the hydrated state, it 
nomposition, by not predpitating the salts of lead, copper, or silver. The 
Pb''(0»*H“N(>*)*, is deposited in small crystals, on mixing the concentrated boiling alcu- 



X3D CAMPHOBANII^ iCm— AGIIX 

hdtc flolations of camphoramate of ammonium and aoetate of lead^ the former in ezeem, 
and leaTing illiquid to oooL The 9ilv€r^t^ C>*H**AgNO», ia obtain^ aa a trana- 
jell^ i^mpoi^ed of minute dratala, on mixing the boiling coneentraM aolutions 
of eamphbrainate of ammonium and nitrate of ailTer, and learing the liquid to oooL 

OJLWraomAimxc AOXS. See PHmfrx^CAVPBoaaxFO Aom. 

CJLMUPBOAAMXSB. C«H«N*0* - When a current of 

ammonia-gas is passed into the middle of a solution of caniphorie anhydride in abw- 
lute alcohol, the liquid becomes heated, and yields by evaporation a syrupy mass, in- 
soluble in water, which is probably camphoramide. It is not decomposed in the cold 

hydrochloric ^d ; but when troated with potash, it gives off ammonia, and forma 
oomphorate of potassium. (Laurent, Bev. scient x. 123.) 

CAHmoxaSTir. The name given by Clans to the non-yolatile product of the 
action of iodine on camphor (p. 728). 

CAXttFBOBZO AOm. mO> (Cm. xiv. 465; Gerh. iil 

700.)— 'There are three modifications of this acid, corresponding to those of camphor, 
viz. dextro-rotatory^ teevo-rotatory^ and inactive, 

Dextro-camphorio or ordinary Camphoric acid, — This acid was discovered by 
Kosegarten {Dies, de camphora etpartHms qum earn eoTiatituant^ Gottingen, 1786), and 
particularly studied by Laurent (Ann. Ch. Phys. Ixiii. 207 ; Conrmt. Chim. 1846, 
p. 141), Malagttti (Ann. Ch- Phys. Ixiv. 161), and Liebig (Ann. Ch. Pharm. xxii. 
60). To prepare it, common camphor is heated in a retort with ten times its weight 
of strong nitric achl, the liquid boing cohobated several times, and the acid renewed. 
On evaporating and cooling the residual liquid, the camphoric acid crystallises out, and 
may l>e puriOed by dissolving it in carbonate of potassium, precipitating with nitric 
acid, and recrystallising several times. 

Camphoric acid forms colourless transparent scales or needles, which melt at 70® C., 
and taste sour and bitter at the same time. It is sparingly soluble in cold water, more 
readily in l>oiHng water ; easily also in alcohol, ether, and fatty oils. According to 
Brandes, it requires for solution, 88*8 pts. of water at 12*6® C., and 8*6 pts. at 96*26®. 
Molecular rotatory power of the solution [a] « + 38*876 ; this power diminishes con- 
siderably on saturating the acid with an alkali. 

It gives an abundant precipitute with neutral acetate of lead. By dry distillation 
it is resolved into water and camphoric anhydride, leaving only a small film of charcoal. 
It dissolves without alteration in strong nitric and sulphuric acid. 

A heevo-c amphoric Acid . — Obtained by the action of nitric acid on the camphor 
of feverfew (p. 729), has the same composition and chemical properties as dextro-cam- 
phoric acid, and rotates the plane of polarisation, by exactly the same amount, to the 
left. (Chautard, Compt. rend, xxxvii. 166.) 

y, Inacti ve Ca mp horic Acid, or Paracamphoric Acid, is produced by mixing equal 
weights of dextro- and lievo-camphoric acid. It agrees with ordinary camphoric acid 
in most of its properties, but has no action on polarised light. (Chautard.) 

Cakphoratbs.-— C amphoric acid is dibasic, the formula of a neutral camphorate 
being The camphorates are odourless, and have a slightly bitter taste. 

Most of them are sparingly soluble in water. They are decomposed by sulphuric, 
hydrochloric, and nitric acid. 

Camphorates of Ammonium. — The neutral salt, C"H*^(NH*)*0\ is obtained by 
passing a current of dry ammonia-gas over camphoric acid, and exposing the product 
to a current of dry air. It is very soluble in water, and has a slight acid reaction, but 
no decided taste. An acid ammonium-salt is obtained in small prisms, melting above 
100® C. by throwing crystals of acid carbonate of ammonium into a boiling solution of 
eamphorlc acid. When dried at 100® in a current of air, they lose 19 per cent, of 
water. They contain, according to Malaguti. 63*67 per cent carbon, 8*97 hydropen, 
and 8*6 nitrogen, whence he deduces the formula 3C'•H*•0^4NH■ + 9H*0, that is to 
say, a compound of 1 at neutral cihnphorate and 2 at. acid camphorate of ammonium ; 
but, according to Gerhardt, the salt is an acid camphorate, C**1I“(NH*)0 + 8H*0, tho 
formula of which requires 66*3 C, 8*7 H, 6-6 N. and 19*9 per cent, water. 

Camphorate of Potassium, C‘*H'*K*0*.— (%8talli8€s in large nacreous scales when 
prepared with hydrated camphoric acid, and in small delicate needles when prepar^ by 
dissolving camphoric anhydride in potash. According to Buchols and Bouillon- 
Lagrangei, it is but sparingly soluble in water, whereas Braudes states that it is very 
deliquescent, and dissolves in a very small quantity of water (probably the sparingly 
soluble salt was an acid salt). Camphorate of sodium forms limpid, confused, slightly 
efflorescent crystals, soluble in 200 pts. of cold and 8 pts. of filing water ; also in 
alcohoL 

The haxium-sali forms laminie or needles soluble in 600 pts. of botliitg water; ae* 
cording to Brandes, in I’S pts. water at 19-0® C. 



CAMPHORIC ANH-rDRlDE—eAMPHOIHC ETHERS. 

The fenns eoloorlesa kmins mwk more lolaliU thioi the 

neutral salt tbrms a non-crystalline mast, nentral W^etHpM^ 
nearly insoluble in eold water, soluble in 200 of boiling water, insoluble i^al^^ 
and co n t ainin g 7 per cent, water of erystalHsation. It fitiUs to powder in contact with 
the air. By treating carbonate of calciatn with camphoric acid, a aolt ia obtahied 
haring an acid reaction, and crjstalUsing in rhomboloal prisms, containing 37*0 per 
cent, water, and soluble in 0 pts. of cold water (Buehols, Brandes). Keutral cam*' 
pborate of calcium yields, by diy distillation, carbonate of calcium and oamphorone : 

C»«H'«Ca''0* - COKJU^ + C*H»0. 

Campkorate of Copper^ C’®II”Cu''0* (at 100®), is obtained by double decomposition 
aa a light green precipitate, nearly yisoluble in water. It forms a erystaUibablo com- 
pound with ammonia. 

Camphoraie of Manganew is reiy soluble in water. Manganous salts are not pro- 
cipitatod by alkaline campliorutes. 

Mcrcurotis CamplMratc ia a white precipitate, nearly insolnble in water. 

Camphorate of Silver is a white fusible precipitate, which becomes ooloutad by ex- 
posure to light. 

CABKVBOUO AmmitXOB. Anhydrma ramphorio oM. €**H>*0*.0, 
fBouillon-Lagran^e (1799), Ann. Ohim. xxiii, 158. — Laurent, Ann. Ch. Phys. 
Ixhi. 207. — Malaguti, %bid, Ixir. 151.) — Obtained by distilling camphoric or ethyl- 
camphoric acid, and crystallising the product from boiling alcohol. It formailiie prisms 
without acid reaction, and having no perceptible taste at first, but aftorwards irri- 
tating to the throat. It dissolves very sparingly in cold water, a little more in boiling 
water, yery abundantly in alcohol, still more in ether. At ISO"^ C. it begins to sublime 
in beautiful white needles, melts to a colourless liquid at 217®, begins to boil above 
270®, and distils without residue. Specific gravity of the crystals l*19i at 20®*6. They 
become electric by friction, like resins. Their solution does not f>reeipltate neutnd 
acetate of lead. 

Camphoric anhydride boiled with water dissolves very slowly as camphoric acid. 
The transformation is effected much more quickly by alkalis.^ It does not absorb diy 
ammonia gas, but aqueous or alcoholic ammonia converts it into camphoramate it 
ammonium. Heated with phenlyamine, it rields phenylcamphorsmate of phimylam- 
monium and phenylcaraphorimide. Heated with strong sufphurie acid, it givea off 
carbonic oxide, and is converted into sulphocamphorie acid (g. v.) 

C'*H>*0» + H*SO< - C»H**80* + CO 

Camphoric Sutpho- 

anhydrldc. camphoric 

acid. 

OAMraomiO STBWUI. Camphorate of EthyU 0**H*®0* - 

— This body is Ibrmed in the dry distillation of ethyl-camphoric add, 
and is obtained by x>onring water into the alcohoUe mother-lionors from which the 
latter has been precipitated. It is purified by boiling with alkalised water, d^ing 
in vacuo, then washing, distilling, and agiin drying in vacuo. It is an oil having a 
faint amber colour, a vexy disagreeable bitter taste, and a powerlhl odour. Specifier 
13:mvity 1-029 at 16® C. Begins to boil at 280® or 287® ; turns brown a few degrses 
higher, ard leaves a black residue, but the distillate is very pure alter being waebed. 

It is p^ectly neutral and insoluble in water. Potash d^mposee it like other ethess ; 
rulphuric acid dissolves it in the cold without decomposition ; at higher temperatores, 
decomposition takes place, but without blackening or evolution of snlnbitroiis add. 

It is not altered by hydrochloric or nitric acid, either cold or hot. (Bfaiagntv Ann. 
Ch. Phya Ixiv. 151.) 

Tf traehlorinatf d Camphorate of ethyl, C*^H*®C1<0^, is produced by the action of 
chlorine on camphorate of ethyl. Neutral , baa a bitter persiatent taste. Soluble 
in alcohol and ether. Spedfic gravity 1*386 at 14® C. When heated it becomee ymejf 
fluid, and decomposes before boQing. Aqueous^taeh scarcely att^ks but akoholie 
potaah converts it into campborate, acetate, and chloride of potassiam : 

C**H"C1<0* + 8KHO - C*®H'®K*0® ♦ 2C*H*KO* + 4KCI + 4H*0. 
(Malaguti, Ann. Ch. Fbys. Izz. 860.) 

Camphorate of Ethyl and Hydrogen, ElhyU^imphorm or Camphomnla wid, 

— C‘*H‘®(C*H*.H)0®. — ^When a mixture of 2 pts. camphoric add, 4 pte. ab- 
(^Inte alcohol, and 1 pt snlphurie add ia boiled and eohobated seveeal timee, a residoe 
^ obtained, which, whm dilnted with water, yidda an oily deposit of etlijl-caaB{dioric 
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acid. This acid nas, at ordinaiy temperatures, the consistence of treacle. It is trans* 

E t md colourless, has a peculiar odour and a Tery agreeable taste, not acid, bat 
. It dissolves rery sparingly in alcohol and ether. Specific gravity 1*096 at 
20'6^ 0 ; reddens litmus paper i^r a while only ; dissolves in alkaline solutions, but 
is d^mposed when boil^ with them. Water ejects the same decomposition after 
long contact or continued ebullition. By dry distillation it yields water, camphoric 
anhydride, and camphorate of ethyl, together with very small quantities of alcohol and 
carburetted hydrogen gas, resulting from secondary decomposition : 


2C*2H*«0^ H*0 

Eibyl-cS'i.phurlc 

acid. 


+ + C^*W*0* 

Camphoric Camphoric 
anhydride. etfirr. 


(Ma. 


The alcoholic solution gives a copious precipitate with neutral acetate of lead, 
lagutl.) 

Ethyl-camphoric acid is monobasic, the formula of its salts being 
The amTiwmum, potassium^ aodiu7n^ barium^ strontium^ calcium^ and magneaiuTti-BtXU 
are soluble in water. The zinc^ co^er^ had, rtiercury^ and s/7wr-salts are insoluble 
f. Soluble. The copper-salt, obtained by precipitating sulphate of copper 


with ethyBteloaphorate of ammonia^ is probably a sesquibamc saltl (Malaguti, Ann. 
Ch. Phys. kiv; 15i.) 

, Camphorate of Methyl and Hydrogen, Methyl-camphoric or Camphomethylic 
q£id, — Obtained in the same manner as ethyl-cam- 

phoric acid, substituting wood-spirit for alcohol. The residue of the third distillation 
yields, when washed with water and left at rest, a crystalline mass, which is to be 
pressed between paper and boiled with water. It then forms an acid liquid, at the 
bottom of which some drops of oil collect, changing after a few days into well- 
defined, colourless, shining crystals of methyl-camphoric acid. These crystals are 
either needles arranged in radiating groups, or small four-sided or six-sided lamime ; 
but on dissolving them in ether and leaving the solution to evaporate very slowly, 
well formed prisms are obtained belonging to the trimetric system, and exhibiting 
the combination, P . ooP . ooPoo. Inclination of the faces, ooP : ooP =» 106 30'; 
5 »Pc» : ooP «. 126® 46'; ooPoo : P = 116® 26' and 66® 4'; P : P « 160® 30'. The 

four-sided laminae are hemihedral, and exhibit only the combination - . 8Poo , with 

w ^ 

cleavage perpendicular to ao P oo. 

Mcmylcamphoric acid is very little soluble in water, very soluble in alcohol, ether, 
and chloroform. The solutions are strongly acid, and turn the plane of polarisation of 
tk ray of light to the right: [a] «i 4-61® 4*. The acid melts at about 68® C., aud re- 
mains viscid a long time after cooling. By distillation it yields camphoric anhydride, 
a riscid liquid, and a sliglit residue of car^n. Boiled with caustic potash, it gives utF 
wood-spirit and is converted into camphorate of potassium. 

' The aqueous and alcoholic solutions of the acid form a white crystalline precipitate 
with acetate of lead, soluble in excess of the acetate ; with acetate of copper, a greenish 
crystallixie precipitate ; with baryta- water, they form a cloud, which disappears on add- 
ing a drop of nitric acid. They have no action on lime-w’ater or on soluble barium- 
salts, but form a slight cloud with nitrate of silver. Oxide of silver is reduced by 
them, producing a blackish deposit. (Low, Ann. Ch. Phys. xxxviii. 483.) 

OAMVKOHXlMCXOmi C'*H**KO* = N.H.(C"»H”0*)''.-- Obtained by heating 
neutral camphorauiate of ammonium to 160® or 160® C., or by melting or distilling cam- 
phoramic acid : 

- C**H**NO* + H*0 

Cainphoraanic Carophorimlde. 
acid. 


and : 


C'«H“(NH0NO* 

Camiihoramate of 
ammanium. 


- C^H^NO* + NH* + H*0. 

Camph.>rimlde. 


It is purifi^ by solution in boiling alcohol and ezystaUisea on cooling. It is colour- 
less, volatilises at a high temperature without decomposition, and dissolves easily in 
boiling alcohol, crystallising, on cooling, in tufts like fern leaves, beautifully divided ; 
or by veiy slow cooling in hexagonal tables, oblique and much elongated. Fkoip a 
solution in weak alcohol, it is gradually deposited in the form of a gummy, tnuUlpabaiit 
substance, which solidifies after some hours in opaque tubercles. The alcoholic aolu- 
tion gives off ammonia when boiled with potash. It dissolves at a gentle heat in strong 
sulphuric acid, and, on pouring a few drops of water into the solutien, a white ciys- 
tallme deposit is formed. (Laurent, Oompt. chim. 1846, p. 147.) 

Camphorate of Produced by heating camphoric acid 
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^th glycerin. Viscid ; soluble in ether ; decomposed by oxide of lead, yieldiiig gly- 
cerin and csmphorate of lead. (Berthelot.) 

CJtaKMOmOXmi Pil 0 P 0 iie(G 6 rhardt); (Laurent). 

. This compound, the acetone of camphoric acid, was first obtained in an impure stated 
as a pioduct of the decomposition of that acid, by Laurent (Ann. Ch. Phys. {2] Ixv. 
329), afterwards prepared pure and more thoroughly examined by Gerhardt^und 
Liis-Bodart (Compt. ehim. 1849, p. SSd^. 

Camphorone is produced, like other acetones, by the dry distillation of the calcium- 
aalt of the acid : 

C«H**0.Ca".0* « CC.GIa^.O* + C*H>«0 

Camphoriite of Cart>onate of Cjiinpho* 

cnlciuRi. calcium. rone. 

It is best to operate only on smaU quantities at a time. The brown or yellow oil 
which fMissea over is purified by fractional distillation, a small quantity of tar remain- 
ing behind. 

Camphorone is likewise obtained, together with other products, by dlo tjlling with 
lime either of the following substances : 1. Acetic acetone^ which diifers from it only by 
the elements of water (3C*H*0 — 2H*0 *=* C*H**0). On rectifying the distilkl^ Oxide of 
mesityl, C*H’*0, passes over at about 131® C., and camphorone betweenJClbO and 206®. 
(Fit tig, Ann. Ch. Pharm. cx. 33). — 2. Grape-Bugar^ The distillate yiel^SPI recti- 
fication, an oil boiling at 86® C., having the composition of metacetpne, (and 

converted into camphorone, or a body isomeric with by distillation ^th'phosphorio 
anhydride), while camphorone passes over at 208® (Li6s-Bodart, Compt. rend, xliii. 
394). — 3. The juice of ripe mountain-aBh herricB^ which contains a small quantity of 
malic acid: this method, however, does not always yield it. (Li^s-Bodart, 

Camphorone is a colourless or yellowish oil, very mobile, lighter than water : and 
having a strong odour like tliut of peppermint It boils at 208® C. (Gerhardt), and 
volatilises undecomposed, yielding a vapour whose density » 4*982 (Gerhardt and 
Li^s-Bodart), by calculation for 2 voL — 4784. It is insoluble in water, but dis- 
solves in alcohol and vc^ readily in other. It does not unite either with adds or 
with alkalis, and according to Limpricht (Ann. Ch. Pharm. xciv. 246), difibrs from 
other acetones in not combining with acid-sulphites of alkali-metals. 

Camphorone becomes darker in colour wlien exposed to the air. It dissolves with’ 
blood-red colour, in strong sulphuric acid, and is for the most part precipitated there- 
from by water. It is resinised by nitric^ acid. Phosphoric anhydride acts quickly 
upon it at a high temperature, converting it, hy abstraction of water, in to cumene, 

(not mesitylene), which passes over in fractional distillation at 170® C., a earbonnceous 
mass being left behind. Pentachlorido of phosphorus converts it into a chlorinated 
oil, C*H'*C1, boiling at 176'^ C., lighter than water, insoluble therein, easily soluble in 
ak*ohol. The alcoholic solution, saturated with ammonia-gas, yielded a mrstalline 
substance, probably C*H'*N.nCl (Lids-Bodart). Camphorono heate<l with 
eium, gives off hydrogen, and appears to form the compound C*H**KO (Li6s- 
B o d a r t). With pota^lime it becomes heated, and appears to enter into combination ; 
the inixture heated to 240® C. gives off a colourless oil, apparently different from 
camphorone, while a resinous substance remains with the alWU, (Gerhardt and 
Li6s-Bodart) 

CAJttFBOSYX. The diatomic radicle of camphoric acid, &c. The 

same term was applied by Lanrent to camphorone. 

OAMEVBOBTiabranjJtXO Aon. Hee StTLpHOCAMrKoaio Acin. 

OAM9XOVXirXC ACXB* Camphoratc of Ethyl and Hydrogen^ (See Cawhoimc 

Etkbbs, p. 732 .) 

OAJmxmwB. A product of the dccompsition of camphor hy sulphuric achl 
(P- 726). • , 

^ OJLMFntOXrB. C**H*^0. — A liquid produced by passing ean^bor over red-hot 
lime. It is a light oil, having a strong and peculiar odonr, (^uite different from that 
of camphor. It boUs at 75® C., is insoluble in water, soluble in alcohol and in ether. 
It is produced from camphor by abstraction of water (3C'*H**0 — 2H*0 — C**H*^0), 
end is f^haps identical with the product obtained by heating camphor with clay, or 
^ pasatxig tffe vapour of camphor through a red-hot porcelain tube. (Fr4tny,. Aim, 
[2] lix. 16.) 

CJ^KWOOB. .Sm Barwood (p. 617). 

CA3MLAVXT& A greyish scapolita rock, from Canaan, Connecticut, contalniiig 
63 37 per cent. SiO*, 4*10 Fe»0*, 10'88 AW)’, 26 60 CaO, 162 MgO. and 4*00 CO*. 
(Dana, ii, 206.) 


Sec Bai^sams (p. 492). 
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CJkW€fMMar» Ad ajiMcial gaaiio Spom Newfoun^and^ 
CJUrCBA-SAOtTA. See Caoea-Laova (p, 701), 

OJkVCMUXmna, A maeeire mineral fbimd near Miaak in tlie in the Mariii». 

btja mine in the Tumakinsk mountains, Siberia, and in Litchfield in the State of 
It deavea parallel to the faces of a hexagonal prifira, has an uneven ft^cture^ light lose! 
red colour and waxy lustre, nacreous on the cleavage faces ; transparent or sttongW 
translucent. Specific gravity 2*45 to 2*46, Hardness 5*0 — 6*5. It melts to a white 
tumefi.ed glass. Hydrochloric acid dissolves it readily, with efflorescence and sepan. 
tion of gelatinous silica. 

The allowing are analyses of cancrinite; 1. From Miask; light red: a. Specifie 
gravity 2'453 (&. Bose, Fogg. Ann. xlvii 375); 5, Specific gmvity 2*489 (Ptisi- 
rewsicy, Kokscharow’s Mairirialen zur Mineral^ie Rtisslands, i, 81). — 2. From ths 
Tunskinsk Mountains, yellow; a. Specific gravity 2*449 (Struve, Pogg. Ann. xc. 
613); b. Specific gravity 2*448 (Pusirewsky). — 3. From Litchfield, a, Y^ow. 
Specific gravity 2*448 ; 5. Greenish. Specific giavity 2*461. (Whitney, t5td. Ixx. 
431.) 
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■n 
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CartKinie anhydride 

fi‘38 

b‘fA 

8*5I« 

.V61 

5*95 

5-9SI 

Silica . 

40 43 

35-96 

88*33 

37*72 

37 72 
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29*57 

28*65 

27**47 

27 W 

97*59 

Ferric and Manganic 1 
oxides 1 

0*19 


— 

0*75 

0*97 

Lime .... 

fi-TO 

5*66 

4 24 

3-!l 

8*87 

5*2fi 

Soda .... 

I7*fta 

18-58 

90*37 

91*60 

20-J7 

90*46 

Potash .... 

0-70 

— 


_ 

0*67 

o-.w 

Water .... 

— 369 

SOS o*a*j 

•*** 

4*07 

9-89 

3*28 


100 uo 

99*49 

ino -00 

99*86 

W*60 

100*48 


From these results, Bammelsbeig concludes that the mineral is a mixture of car- 
bonate of calcium with elseolite, containing a smaller proportion of potash and more 
water than the usual amount. (Bammelsberg's Mineralchemte^ p. 653 ; Dana, ii. 
232.) 

CAMrUin. See Sfinbl. 


CAlTB&SbA ABBA* Costtts dtUoiA While Cinnamon. — These names ere ap- 
plied to the bsiss or inner bark of Can* II a alba, a canellaceous tree growing in the West 
Indies, especially in Jamaica. It forms reddish-yellow tubes, three feet long and an 
inch thick, having a pleasant aromatic taste and odour: it contains about 8 per cent, 
of manna (formerly mistiiken for a peculiar kind of sugar called canellin), besides 
starch and the other usual constituents of vegetable stnicturcs. By distillation with 
water, it yields two volatile oils, one lighter than water, the other heavier. If these 
oils be left in contact with potash-ley, the liquid then diluted with water and distilletl, 
the first portion of the distillate is a^in lighter than water, and at last a heavy oil is 
obtained, of very peculiar odour. The potash-ley from which the oils have been dis- 
tilled, yields by neutralisation with acid and distillation, a heavy oil, smelling like oil 
of cloves. The light oil of white cinnamon smells very much like oil of cajepnt. It- 
may be separated by fractional distillation into several oils, differing greatly in boiling 
point. White cinnamon contains about 6 per cent, of ash, consisting mainly of car- 
bonate of calcium. (Handw. d. Chem. ii. [2] 927-) 

CAmrAmirat Syn. of Brucimb. 

OAJnrABlW. A poisoiious resin extracted fh)m hemp, by exhausting the bruised 
plant {Gunjah) with alcohol, after the greater part of the brown colouring matter has 
been removed by digestion, flmt in tepid water, afterwards in solution of carbonate of 
sodium, then precipitating the chloropl^U with lime, decolorising with animal ehazccial, 
and evaporating. (T. and BL Sroit^ Fharm. J. Trans, vi. 127, 171-) 

]^m the JBhfracf. kb, eanab, ind, apirituoa. Or, Martins has prepared a resin, by 
ireating it with cold alcohol of 83 per cent., mixing the dark green filtrate with water 
tall to^idify ensues, agitating with anira^ charcoal, filtering and distilling off the 
alcohol : the resin then separates. It is a light brown, shining substance, becoming 
glutinous and ductile, has a peculiar narcotic ^our, like that of the extmet, and an in- 
tCBSsilj bitter taste. It melts at 68^ G., bums with a bright smoky fiaanc, is insoluble 
in pofiuh and ammonia, but dissolves in alcohol and ether, sparin^^y also in acids. 
Volatile oili dissolve it in the cold; fixed oils, with aid of heat. 

naieotie eflfocts of haschish (o. tr.) are due to hemp-resin. (Handw. d. Chem. ii. 

WW.) 


s CwliMtIo anhydride and iratar. 
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— Mian JGfc.’jp. — Tliia nUnti whic& ki ia^^gciiotit in 

India and Asia Minor* is much need in the East as an intoxicating agent rtliaiuuNsoHe 
action appears to reaido essentially in a resinous exudation (see Gaiqiabik and 
Haschish). According to Martius (Chem. Centr. 1856, 226), the herb contains a 
giDjili quantity of essential oiL The herb ^ed at 100® C. yielded 18*1 per cent, ash, 
which, after deduction of carbonic anhydride and sand, contained in 100 pts. : 13*6 
potash, 1*4 soda, 32*0 lime, 10*4 magnesia, 8*8 phosphate of iron, 10*1 phosphoric an- 
hydride, 0*3 sulphuric anhydride, 1*2 chlorine, and 22*1 silica. 

CUkSnfAttn 8ATZVA* Ckytnmon The leaves of thiii plant contain 40*6 

per cent, carbon, 6*9 hydrogen, 1*8 nitrogen, and 22*0 ash ; the stems : 30*9 per cenL C, 
6-0 H, 1*7 K, and 4*6 ash. (Kane, pr. Chem'. xxxii 364.) 

Beich (Jahresber. t, Chem. 1860, Tafel C. p. 661), found in the hemp-^lant 4*6 
per cent, ash ; in the seed 6*3 per cent The analyses of the ash of the en&e plant 
and of the se^, are given in the following table : 

K«0 Na^O 
Plant (Kane) 7'6 0*7 

„ (Reich) 15*8 3*4 

Seed (Reich) 18*6 08 

According to Leuchtweiss (Ann 


CaO 

42*0 

86*5 

202 


MgO 

4*9 

7*7 

10*2 


A1»0* 

0*4 


Fe'0» 


1*1 

1*2 


SO* SiO* 
1*0 6*7 
2*7 7*7 
0*2 9*6 


P*0» Cl CO« 
8 2 J*6 81*9 
14 2 3*4 8*4 
37*6 6*1 1*3 

Ch. Pharm. 1. 416), hempsoed yields 6*6 per cent 

ash. containing 20 8 K*0, 0 6 Na*0. 26 6 CaO, 1*0 MgO, 33*6 P*0*, 13*6 SiO*. 6*2 
HLtn’d and charcoal, and small quantities of sulphuric acid, chloride of sodium, and fMc 
oxide. 

Hempseed yields 31*8 percent, oil, 22*6 albumin, and 6*37 ash, of which 2*47 con- 
sists of phosphates (Anderson, Highland Agr. Soc. Journal [new series] No. 60). 
The oil is C“H®0*, and yields with chlorine and bromine, the substitution-products 
C"H®CPO*, and C**H“Br'0*. (Lefort, Compt. rend. xxxv. 184.) 

The leaves, flowers, and pollen of hemp nave been examined by Schlesingeiv 
(Rep. Pharm. Ixxi. 190). The ash of the leaves contains 8*0 per cent soluble, and 
9*2 per cent insoluble salts. (Kane.) 

OAirmi* COJUb. See Coal. 

CAJnroV mTA&« See CoFFBR, Allots of. 

ri AT r wi w M. mws uMt- Spanish Ffies (Lf/tta wsicatoria ,') — These coleopterous in 
sects, so well known for their vesicating properties, are much used in mediciim in 
form of tincture, plastirs, &c. Their reHicating power is due to a peculiar 
principle called cantharidin. Taken internally, they act as a powerftil aphrocbsinc, 
and may even destroy life. According to Thonry (J, Pharm. Jan. 1868, p. 661, their 
poisonous cflfects may be counteracted by the aduiiuistmtioii of animal charccwl.^ 

When the aqueous extract of cantharides is treated with alcohol, cantharidin is die- 
solved together with other substHnees, and a brown nitrogenous Bul>»tance remains. 
On evaporating the alcoholic extract- and treating tlie residue with ether, the cantha- 
ridin dissolves, together with a yellow substance, and an extractive matter remains, 
which reddens litmus and contains lactic acid, together with a nitp<^enous substance. 
The aqueous decoction of canthsrides reddens litmus strongly, and gives with nmmonja 
a precipitate of ammonio-magnesian phosphate (Rob iquet, Ann. Ch.l»yi, 302). When 
the insects, after ^ing exhausted with boiling vmter, are treated with boili ng id ymol, 
a greenish fatty oil dissolves, destitute of vesicating power, and consisti^, according to 
Giissmann (Ann. Ch. Pharm. IxxxvL 817), of olein, stearin, and palmitin. 

CJUTTBAmiSZir. Isomeric with pierotoxin. (Robiquot, loe. cU.; 

Regn.ult, Ann. Ch. Phja. [2] IxTtii. l«l; XhiMjjr, /. Ph^.SM. 44 ; Warner, 
Amir. J. Pharm. xaviiL 193; Proct.r, Pharm. J. .utataiic... 

which ia the actire principle of the Spaatah fly, i« hkewif* found in the Al^ng 
coleoptwona inweta vittata, L. rvJMUt, In ir^^SSIT 

cantharides), M. mtututiUa, M. puTietwH, M. 8td», M. 

If. autamnalit, M. Furca, M. wncUOm, M. varitg<^ M. jeaht^, M. 


^tharidin is prepared ftfom Spanish flies, or better from JIfy/oWs aichariif faso- 

nch as this insect contains less fht, digesting the pulveriiied insects for 

.... -- *.4- futotlfll * AOtnoletlllff the extraCtlOn 10 S ulS* 


.^siMhof, or alcohol ^no; completiii the 
placement atmaratiis, the ether or alcohol being nltunately displaced hy slora jum 
S irtilH.^ off&^abOT or alooboL Tha eantha^iVirhi* cryataUu^ <mt oa 
ia teduMoim) mid pnrifled with animal cbaieosL 


E^er is prefemtile to aleohol frff 
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the* preparation, since it dissolTes less of a green oil, which adheres obstinatelj (o tlie 
cantnandin (Thi erry). According to Procter, cantharidin is best extracted by ehloni. 
form. The pnlTerised cantharides are left in contact for some time with twice their 
weight of chloroform in a displacement apparatus ; the chloroform is then ^ined 
and finally displaced by alcohol, and the solution is left to eyarKxrate, whereupon the 
cantharidin crystallises out, saturated with the green oil. It is laid on bibulous paper, 
which absorbs the greater part of the oil, then crystallised from chloroform mixed 
with alcohol. 

Pure cantharidin forma colourless right-angled four-sided prisms of the dimetrie 
system, acuminated with four faces resting on the lateral faces. According to Procter, 
it crystallises from ether in oblique four-sided prisms, with dihedral summits, having 
the aspect of micaceous laminae. It melts at 200^ C., and TOlatilises in white fumes, 
which strongly irritate the eyes, nose, and throat, and condense in rectangular prisms, 
haying a strong lustre, and sometimes iridescent. 

Cantharidin pcT* se is insoluble in water ^ but it is rendered soluble by the presence of 
other substances (see the last article). It yolatilises in small quantity at 104*^ C., and 
more quickly at 182” ; not with yapour of water. It dissolves readily in alcohot^ in 34 
pts. of cold ether, and rather less of hot ether ; acetic ether, wood-spirit, and acetone 
also dissolve it readily when hot, and deposit it on cooling. But its best solvent is 
chloroform, which extracts it even from the aqueous infusion of cantharides. It like- 
wise dissolves in oils, both fixed and volatile. Its solution in any of the liquids above- 
mentioned possesses the vesicating ]^wer, which, however, is not exhibited bjr 
cantharidin in the solid state. A grain of cantharidin mixed with an ounce of laid 
produces very strong vesication. Cantharidin dissolves in sulphuric acid, and is re- 
precipitated by water ; also in hot hydrochloric and nitric acids, whence it crystallises 
on cooling; phosphoric, acetic, formic octeb dissolve but little of it at ordinary tem- 

peratures. ^ It dissolves in potash-ley, and is precipitated by acetic acid. Ammonia 
has no action upon it. 


OAJrrOSrZTa. A variety of sulphide of copper, Cu"S, from the Canton mine in 
Georgia, having hexahedral cleavage, bluish-black colour, and semi-metallic lustre. 
Specific gravity « 4*18, Hardness « 2 0 (N. A. Pratt, SilL Am, J, [2] «iii 409), 
Genth (ibid, 417) regards it as a pseudomorph of covellin after galena. 

OAJfTOlT'S PB0SFB011178. A phosphorescent substance prepared by cal- 
cining for an hour, at a red heat in a crucible, a mixture of 3 pts. of finely ground 
oyster-shells with 1 pt. of flowers of sulphur. A better phosphorescence is obtained 
W calcining the entire shell in a closed crucible, after dusting it over with sulphur, 
l^poaure to bright light is necessaiy to its luminosity in the dark. The magnesia 
in the shells is said to be essential to the effect. Gypsum mixed with flour becomes 
phosphorescent when calcined. 

CAOVTCBBBB. A hydrocarbon, isomeric with tetrylene, C*H*, said by Bou- 
chardat (J. Pharm. Sept, 1837, p. 464), to be produced, together with others, by the 
diy distillation of caoutchouc (j. v.) It has a density of 0*66, boils at 14*5® C., and 
solidifies in brilliant needles at —10®. 

OjBlOVTOBZB’. (Himly, Ann. Oh. Pharm. xxvii. 41 ; Gr. Williams, 

Proceeding of the Koyal Society, x. 517 ; Gm. xiv. 326.) — ^A hydrocarbon contained, 
together with many other substances, in the oils produced by distillation of caoutchone 
and gutta percha. To separate it, rectified oil of caoutehouc boiling between 140® and 
280® C., is repeatedly shaken up with dilute sulphuric acid, then washed alternately 
with water and potash-ley, and distilled with water several times. Tiie distillate is 
dehydrated with chloride of calcium and rectified per se, the portion which distils be- 
tween 160® and 176®, being collected apart ; from this, by repeated rectification and 
removal of the portions which pass over b^ow 166® and above 174®, caoutchin is at 
length obtains^ boiling between 168® and 171®; and this product, by repeated frac- 
tional distillation, may be brought to boil at 171®. The purification may also be 
effect^ by passing dry hydrochloric acid gas into the cooled oil, previously dried over 
chloride of calcium^ whereby hydrochlorate of caoutchin is produced ; decanting this 
liquid from the resin, after it has stood for some days ; dismlving it in absolute al- 
cohol ; precipitating with water ; del^drating it, and decomposing it by distillation 
over caustic lime or’ baryta, and finally over potassium. The product thus obtained 
is pure caoutehin. (Himly.) 

^ Caoutchin is a transparent, colourless, mobile liquid, having an odour like that of 
oil of orange, but not quite so agreeable, and a peculiar . aromatic taste. It makes 
transient grease spots on paper, fibecific gravity 0*8423 at 0® C. Boils at 176*6® at 
0*76 met pressure. Poes not solidin at —39®. Vapour-density 4*461 (Himly), 4*66 
(Williams), by calculation (2 vols.) « 4*714. It hajsi but little electric condueti^ 
power. 



Caontdiin dhmotnu in 2000 pts. of tPoOr. It HkewiM tokes up a of 

•atier in the cold, and at hi^er temperaturee a laiger ^uantity^ which aepaxatea'^on 
cooling- It diseolves in all ^portions of alcohol^ eth^r, and acetate of ethyls water 
it ftom the alcoholic, out not ftom the ethere^ solution, unless alcohol be 
ttft^inixds added. The alcoholic solution bums with a bright flame, which does not 
smoke if the caoutchin and alcohol have been mixed in the right proportion. It dia- 
solves slightly in concentrated aeetic and formio acids ; also in aife both fixed and 

Caoutchin absorbs oxygm from the air (45 vols. in fourteen daja\ and is oonvertad 
into a resin, part of it, however, volatilising. It is likewise resiniseq by various oxtdta- 
inq aqtnU^ e. g, by peroxide of hydrogen, nitric oxide, mtroua add, strong nitric add, 
aiid i^staHieed chramio add; it reduces cupric oxide to cuprous oxide and permanganate 
of poiaeeium to peroxide of manganese, but exerts no deoxidising action, even at the 
boiling heat, on the oxides of lead, mercuric oxide, or chromate of i)otassium« It is like- 
wise unaffected by sodium, potash, baiyto, or lime. With potassium it evolves a few 
gas-bubbles, and covers the metal with a grey film, then remains unaltered. 

^ Of hydrogen, ciaoutchin absorbs 2 vols. in three weeks at 20° C. ; of carbonic anh^ 
tlride 11 vols. ; carbonic oxide, marsh-gas, and olefiant-gas are not absorbed by it. Of 
nitrogen, it absorbs 5 vols. in five weeks; of nitrous oxide a small quantity ; nitric oxide 
coloura it yellow after a while. It absorbs 3 vols. amnumia-aae, but does not mix with 
aqueous ammonia. It does not absorb cyanogen gas, but hyarocyanio add and chforide 
i f cyanogen are absorbed by it in a.iy quantity. It dissolves phi^sphorm and e^pkur 
sparingly in the cold, rather more freely when heated; docs not absorb sulphvdric acid 
gas, but mixes in all proportions with sulphide of carbon and xanthic acia. It ab- 
soi V»» kqdrochlorir, hydrobroniic, and hydriodic acid gases, forming the compounds 
ici. &C. It easily dissolves the chlorides of sulphur, phosphorm, and carbon, 
small quantities of iodide of sulphur, and iodidr of phosphorus. It dissolves a large 
quantity of Inmoic, and a small quantity of oxalic add ; out not malic, citric, tartrate, 
tannic, mucic, or succinic acid. 

Caoutchin dropped into strong sulphuric add, becomes heated, eliminates snlphnrons 
anhydride, and forms a brown unctuous acid, which forms soluble barium 

and calcium -salts, the latter having, according to Williams, the formula 0A(C’*H’*80*)*. 
Boiled with strong selenic add, it turns brown and gradually decomposes. It is not 
decomposed by phosphoric or phosphorous add. 

With chlorine, caoutchin gives off hydrochloric acid and forms chlorocaontchin, 
which, after washing with soda-ley, then with water, and dehydration over chloride of 
calcium, forma a transparent, colourless, neutral, viscid liquid, of specific grovi^ 1’488, 
having a strong ethereal odour and extremely sliarp burning taste. It dissolves 
sparingly in water, easily in alcohol and ether, gives off irritating vapours of hydro- 
chloric acid when distilled per se, and yields a variety of oily products by distiUation 
with alkalis. . . , , . , t j 

With bromine, caoutchin gives off hydrobromic acid, but remains colourless and 
transparent ; it easily separates bromine from its solution in water, alcohol, or ether, 
forming heavy drops of oil. Caoutchin mixed with J vol, water decolorises bromine 
till 231*7 pts. bromine have been added to 100 pto. caoutchin, which is in the ratio 
of 4 at. bromine to 1 at. caoutchin. 

By the alternate action of bromine and sodium on caoutchin, 2 at, hydrogen are re- 
moved, and cymene, C'•H*^ is produced. (WilliainH.) 

With iodine, caoutchin turns black, and gives off hytoodic aci^ It aTwtn^s 
iodine from solution in water, alcohol, or ether, forming i o doc aout chin, which m a 
black-brown oil, giving off hydriodic acid when distilled, easily decomposed by hating 
with oil of vitriol, bromine, chlorine, fuming nitric acid, or potash, nearlv i^luble in 
water, but soluble in alcohol or ether. Caoutchin distilled with excess of lodme, forma 

a colourless fragrant oiL _ , . _ _ ! _ 

dydrochlorate of Caoutchin, C**H'®.HC1.— This comnound is prepared by passing 
chlorine gas into caoutchin cooled with ice, the deliveiy-tube terminating a littw 
above the surface of the liquid,— washing the product first with aoda-1^, wen with 
water, and drying over chlonde of calcium. It is also produced, though m an imi>w 
states by treating eaotttriiin with trichloride of antimony or mercuric chloride. It is a 
transparent^ colourless, sentral, viscid liquid, having a strong ethereal odoUr asd a 
sharp burning taste. Specific gravity 1*433. It gives off vei^f irritating « 

hydrochlormLjid when distilled; is decomposed by boiling with sulpha inWi 
elWination of hydrochloric acid ; and yields a variety of oily products by disUllstiOft 
with potash, lime, or baiyta. It dissolves sparingly in water, easily m alcohol sad 
ether ; also in hot nitric add and snlffiinrie acid, seMrating out unchang^ on oo^mg; 
but by long boiling with the latter, it becomes carbonised and gives off hydroeWosv. 
add. 
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GAOUTOHOUG. 

CAibvTCSOVO. Ghtm deuHe, or India Rubber^ Ocmme R^tique. FederharM,^ 
A product of several genera of arboraceous plants, in which it oocuis in thefiM 
of a milky sap, and exudes from incisions made in their trunks. Among these trees 
are the Sijpiumia dasHca^ S. Cahuchut Hivea caoutohonc^ H. Ouianenais^ Jaimphi 
Riutica^ Ficus elaatica, F. indica, F. relimoaa. Formerly the greater part of the 
caoutchouc weis imported from Para in South America, but an excellent article has of 
late years been brought from Assam and other districts of India, in which the trees 
that yield it greatly aboimd. The juice drawn from the old trees and in the cold 
season is preferable to that from the ^oung trees and in the hot season, the quantity 
being greater the higher the incision is made across and ^rongh the bark of the tree. 
The fluid is of a creamy consistence and colour. Its specifle gravity, as imported into 
this country in well-closed vessels, used to vary from 1*0176 to 1*04125 (Ure); the 
lighter juice yielded 37 per cent, of solid caoutchouc; the denser only 20, though it 
WHS tho thicker of the two. Some samples of juice have a brownish tinge, proceeding 
from a little aloetic matter secreted together with it, wliicji, if dried up in the juice, 
gives the caoutchouc a certain degree of viscidity, and by its decomposition eventually 
destroys its Arm texture. Such juice ought to be mixed with its own bulk of water 
and boiled, whereby tlie aloes are separated and the caoutchouc concretes into a 
white elastic mass, free from offensive smell. 

Much of the caoutchouc is imported in coarse rough masses. These are cleaned by 
washing in a trough, with a stream of water, and afterwards kneaded together by the 
strong pressure of iron-arms in an iron box. The masses thus obtained are next 
moulded into the forms of square or round cheese s in a press, and finally sliced by 
knives driven by machinery into thin cakes or ribbands. U. 

Faraday recommends for the purification of caoutchouc, to dilute tho natural juice 
with four times its weight of water, and leave it at rest for twenty-four hours. ^ The 
caoutchouc then separates and rises to tho surface in the form of a cream. This is re- 
moved, diffused through a fresh quantity of water, and again left to settle at the surface. 
By repeating this operation till the wa.sh-water is perfectly limpid, the caoutchouc may 
be obtained very nearly pure. It is then to be spread upon a plate of unglazed earthen- 
ware to absorb tho w'titcr, and afterwards pressed. 

Pure caoutchouc is colourless and transparent, but the best found in commerce has 
a more or less dingy colour from having been dried from tho juice in a smoky atma 
sphere. It is a V>ad conductor of heat, and a non-conductor of electricity. It is very 
combustible, and burns without residue, emitting a white light. At ordinary tempe- 
ratures, it is soft, flexible, and liiglily elastic. Freshly cut surfaces adhere easily and 
firmly when pressed together, a property which is made available in forming tubes and 
vessels out of slicet-caoutcliouc. Below 0® C. it becomes hard and rigid. When heated, 
it gradually softens, and at C. (248® F.) begins to melt; when it is fused, it re- 
mains greasy and semi-fluid after cooling, but if exposed to tho air in thin layers, 
gradually dries up and recovers its original properties, provided it has not been heated 
much above its melting point. If, however, it be heated to 200® C. (398°F.) it begins 
to fume, and is converted into a viscid mass which no longer dries up. If mixed in 
this state with half its weight of lime slaked to powder, it forms a tenacious non-dry ing 
cemont, which serves admirably for attaching glass-plates to vessels with ground lips, 
such as are used for preserving anatomical preparations, as it forms an air-tight, but 
easily-loosened joint ; if a drying cement he required, a quantity of red lead may be 
adiled equal in weight to the lime. 

According to tlie experiments of Ure (Phil. Trans. 1822), confirmed by those of 
Faraday (Quart. Journal of 8c. Lit. and Art, xi. 19), caoutchouc is composed wholly 
of carbon and hydrogen, containing 87*6 per cent, of carbon, and 12*6 hydrogen. It is 
not, however, a simple proximate principle, but chiefly a mixture of two substances, 
one much more soluble in ether, benzene, and other liquids than the other. 

On examining with the microscope a thin sheet of caoutchouc, it is seen to be filled 
with irregularly rounded pores, paotily communicating with each other, and dilating 
under the influence of liquids. It is perfectly insoluble in water and alcohol; but 
ether, ^nzene, rock-oil, and sulphide of carbon, penetrate it rapidly, causing it to 
swell up and apparently dissolving it. 

The liquid thus formed, is not, however, a complete solution, but a mixture formed 
by the interposition of tho dissolved portion between the pores of the insoluble sub- 
stance, whicli is considerably swelled up, and has thus b^me ea^ to disintegrate. 
By employing a sufficient quantity of these solvents, renewed from tune to time, with- 
out aguation, so as not to break the tumefied portion, tho caoutchouc may be com- 
pletely separated into two parts, viz. a substance perfectly soluble, ductile, and adheri^ 
strongly to the surface of bodies to which it is applied ; and another substance, elasti^ 
tenacjons, and sparingly soluble. The proportions of these two principles vary with 
the quantity of the caoutchouc and the nature of the solvent employed. Anhydrous 
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cthor oxtracfa from aniber-coloiired caoutchouc 60 per cent, of white solnble mattor; 
oil of turpeutine separates from common caoutchouc 49 per cent of soluble matter 

having a yellow colour. , . . , 

The best solvent for caoutchouc iB a mixture of 6 to S pts. of absolute alcohol and 
100 pts. of sulphide of carbon. (Pay en. ) - 
C^utchouc is not altered by dilute acids. Strong sulphuric acid acts slowly, and 
fuming nitric acid rapidly on it, tlie hitter with complete decomposition. It resists 
strong alkaline-leys, oven at the boiling heat 

Caoutchouc yields by dr^ distiliatian^ an empyrcumaUc oil called o il of cao u t ch o uo 
nr c a o u tc h o u c i n, which forms an excellent uolveiit for caoutchouc and other resins. It 
].s u mixture of a conaidorablo number of hydrocarbons. Ortiiiiary im[>ure caoutchouc 
likewise yields small quantities of carbonic anhydride, cai'bonic oxide, water, and 
Hiiinionia. 

Respecting the nature of tho hydrocarbons contained in caoutchouc-oil, different es- 
porimenters have arrived at somewhat different residts. According to Bouchardat 
(J, Phorm. xxiii. 457), the most volatile of the hydrocarbons has a density of 0*63 at^^ 
- 4® C. ; boils at a temperature above 0® C., is not solidifted by cold, and is perhaps 
idi'iitical with totrylone, C^H®. The next, caoutchene, isomeric with the first, has 
a density of 0*65, boils at 14*5<^ C., and solidifios at —15® in brilliant needles which 
nu*lt at —10°. 

'f ho less volatile portion of the oil, which does not distil till the temperature is 
ruised to 316® C, anti does not solidify at the lowest temperatures, is called hevecne. 
It is a clear yellow oil of specific gravity 0*921 at 19® C. and belonging te tho olo- 
liiic gmup, C**!!®". It mixes with alcohol and other, absorbs chlorine quickly, and 
solidifies to a waxy mass. By repeated treatment with strong sulphuric acid and 
]v»1iish-lcy, it is converted into an oil, boiling at 228° C., having a sweeter and more 
Mgrcoable teste than heveoiie, and similar in many respects to eupione. (Bo uch ar d a t.) 

llimly (Phil. Mag. [3] Ivi. 579), by subjecting caoutchouc-oil to repeated fractional 
distillation, obtained: 1. An oil called Faradaj^iut boiling at 83° C., of specific gravity 
0*654, and dissolved by etmng sulphuric acid without evolution of sulphunms anhy- 
<lrido. According to Liebig, water separates from this solution a colourless oil boil- 
ing at 220° C. According to Gregory, both this and the more volatile oils belong 
to the group of olefines, The oil unites with chlorine and bromine, forming 

i»pown liquids. 2. A mixture of oils distilling at 90° C. from which Mtash extracts 

orf^sote, and dilute sulphuric acid separates a brown resin, destroying the odour at the 
same time. According to Himly, the percentage of carbon in these oils increases as 
the hoUing point rises. — 3. Cuoutebin (p. 736). j , 

Another hydrocarbon, isoprene, polymeric with caoutchin, and boding at 37— 
38° C., has been obtained by Gr. Wi 1 li a m s (Proc. Iloy. Soc. x. 56), from the distillatlan 
of caoutchouc. Prom the composition of these several hydrocarbons, it appears that 
the decomposition of caoutchouc by heat is merely the disruption of a hydrocarbon into 
other compounds polymeric with it. , , 

Tlie residue left in the retort, aftiT the volatile oil of caoutchouc has distilled oir, 
forms, when dissolved in tho oil, a varnish much used by shipwrights, being impervious 
to moisture and very elastic. An exceedingly tenacious glue is also ma^le by dissolving 
1 pt. of caoutchouc, cut up into small pieces, in 4 pts. of co4il-ti*ir, adding 2 pts. of 
sluaiac when tho solution is complete, and heating the whole in an iron yossel 

Vvi-CANisEii Caoutchouc. — When caoutchouc is kneaded in an iron box with 
flowers of sulphur heated to about 112® 0. (234® F.), it taki*8 up a certain portion of 
sulphur, and acquires new properties which greatly increase its utility for various 
rmrposes in the arts. It remains perfectly flexible at temperatures below 0® C. and 
does not soften at 50° C. (122 F.), whereas ordini^ caoutchouc becomes perfectly rigid 
at temperatures several degrees al>OTe the freezing point, while a moderate h^at ren- 
ders it BO soft and adhesive as to bo useless. This sulphured or vulcanised caoutchouc, 
is an excellent material for tubes for conveying water or gases, or for bags to hold gases 


of caontehonc requii** • temperature of about 1«0»C. (80*®F.), 
maintained for a few minutea only. A longer rontact with anlplrar at t|^ t^pmtare 
causes the caoutchouc to absorb too much, which renders it hard and bnttle. Vul^ 
nised caoutchouc appears to retain only one or two- hundredths of its weight of snlphw 
in the state of combination; a laiger quantity, 15 or 20 per ^nt., romains simply 
interposed between the pores, and may be extracted either by tho action of solvents, 
such as ether, benzene, and sulphide of carbon, or by friction, or alternate ^tepsm 
and contraction. If the vnlcanuied caoutchoim be heated to 120® C., this tnechanmlly 
interposed s^phur enters into combination with the caoutchouc and renaers it onttie. 
The same coml>inatum takes place slowly at ordinaiy temppraf uws, so that the c^l^ 
ohouc afreraomc time, loses its elasticity and becomes brittle. By contact with certoin 
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mdtaLi, such tm lead or nilrer, the fi^e sulphur in the pores of the caoutchoac is ab. 
sfxaeted, and thus again the quality is detenoratra. 

The vulcanisation of caoutchouc is effected in various wajs r 1. By immeniiig the 
sheet-caoutchouc in flowers of sulphur heated to 112® 0. till it has ahswbed about X 
of its weight, and then heating it for a short time to IdO^C., or by immersing ‘ 
caoutchouc in flowers of sulphur heated to 160®, and keeping up that temperature till * 
the sulphuration is complete. — 2. By immersing the caoutchouc in a mixture of 100 pis, 
sulphide of carbon, and 2-5 protochloride of sulphur, and then plunging it into 
water to decompose the excess of chloride of sulphur, — 3. By immersing articles of 
caoutchouc already manufactured, in a solution of polysulphide of calcium marking 
26® Baum 6, keeping them in it for three hours in a closed vessel at 140®C,, mid then 
washing them with weak alkaline-ley of 60® Bm. This process always the 

right amount of sulphuration, — 4. By powdering 100 pts. of the caoutchouc is fon^ 
laminae, with a mixture of 4 pts. flowers of sulphur and 60 pts. slaked lime, pressing it 
between rollers so as to incorporate it thoroughly with the powder, then^ working it 
into various fabrics by the usual processes, and exposing the finished articles for an 
hour to the action of vapour of water. By this last treatment, the surface of the 
caoutchouc experiences a kind of washing, which removes the excess of sulphide of 
calcium, and brings it to the exact degree of sulphuration required. 

Hardened Caoutchouc. Ebonite. — Caoutchouc may be hardened and rendered sns* 
ceptible of polish by mixing it in the kneading machine or between rollers, with 
half its weight of sulphur, rolling the mass into sheets, and heating it for two hours 
to 100^ C,, and then for four hours to 160®. At the latter temperature, the mass may 
be rolled ; when cold it may be cut like ivory. It serves for the manufacture of 
combs, knife-handles, buttons, &c. It is also preeminently distinguished by the large 
quantity of electricity which it evolves when rubbed, and is therefore admirably 
adapted for tlie plates of electrical machines. It resists the action of solvents even 
more obstinately than elastic vulcanised caoutchouc, scarcely even swelling up when 
immersed in sulphide of carbon. (For a full account of the manufacture and use of 
caoutchouc, both ordinary and vulcanised, see Ure^s Dictionan; of Arts, Manufactures 
and Mints, i. 681 — 604, Muspratt's Chemistry, p. 441 — 461. Payen, ’Prkeis de 
Chimie Industridle, 4™* ^d. i. 139 — 184. Handw.. d. Chrm. Aufl. ii. [2] 836 — 863.) 


CAOUTCBOirC, INCZJTlUUkXi. See ELaTERirs. 

CAOlTTCBOVCZnr. Empyreumatic oil of caoutchouc (p. 739). 

CAVBBS. See Capparis. 

CAPHOFZCUTB. Syu. of Hhein or Bhabarbarin. 

OA.PZBBJLBZTT. Tlie surface of a liquid at rest is horizontal, excepting where 
it comes in contact with the sides of the vessel ; there it is curve<i, being concave if the 
liquid wets the vessel, convex in the contrary case. Moreover, if one end of a narrow 
tube be dropped into the liquid, the level of the liquid within the tube is not the same 
as that without, but higher if the liquid wets the vessel and assumes a concave surface, 
lower if it does not wet the vessel and forms a convex surface ; thus water, alcohol, 
ether, oils, &c., rise in narrow tubes of glas.s, metal, or wood, having the inner surflicd 
clean ; but if the surface is greiised so that the liquid cannot wet it, depression takes 
place instead of elevation : mercury is also depressed in tubes of glass, but rises in a 
tin tube, to which it can adhere. The phenomenon is called capillarity (from 
caffQla, a hair), because it is most conspicuous in tubes of very fine bore. The tnm is, 
however, extended to all the alterations of level and form of surface which take place 
at the contact of liquids and solids. The curved surface of the liquid within the 
tube is called a meniscus. -k 

The amount of elevation of a liquid in capillary tubes is measured by readiiig off 
with the cathetometer (a telescope moving up and down a vertical scale, 274), first ^ ; 
height of the lowest point of the meniscus, then the height of a fine metallic point broni|^ 
exactly in contact with the surface of the liquid. In making this last ob6eii|tioili^0^ 
point 18 brought down to the surface of the liquid, till it exactly coincides wffih 
fleeted image therein, and a small quantity ofthe liquid is then removed with a 
eo as to leave the extremity free. Another mode of observation, adopted 
measuring the depression of mercuiy in glass tubes, is to place the liquid in a qr^nOD- 
tnbe one arm of which is of capillaiy ^re, while the other is wide enough to render 
the alteration of level due to capillarity imperceptible. The difference of level ill the 
two arms is then read off with me cathetometer. 

By these methods it has been found that the elevation or depression of liq^ds ib 
oapmaiy tabes is regulated by the following laws ; fi-- 

1 . In a tube of given diameter, the amount of elevation or depression depends ii|Km the 
nature of the liquid, and not at all upon the. nature or the thickness of the material of 
the tube, the nature of the tube merely detei'mining whether the liquid shall be elevated 
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or tlrpreified, aeoaiduig aa tlw tnlN^ is or is not watted by but ofibctiag tba 

MUlOUnt. . a . ... 

2. The amount of elevation or depreeaion Tanea with the tem]Mratiire» but not accord- 
ing to the same law aa the density.^ Thus Gay-Luusac found wat in a tube of 1 miUi* 
metre diameter, the heights to which alcohol rose varied with the temperature and 
deoaity, as follows : 

Densltf. Titnpwatara. Il«t|rht of Column. 

0*8196 8^0. 12*18 mm. 

0*8185 16 „ 9*15 „ 

0*8595 10 „ 12*01 „ 

0*9415 8 „ 12*91 „ 

3. in yeij narrow < 7 lindrieal tubes, the amount of elevation or depression of a^ven 
liquid varies inversely as the diameter of the tube. 

4. Inthe-annular space enclosed between a wide cylindrical tube, and a solid cylinder 
which nearly fills it, the height to which a liquid rises is haff that to which it would 
rise in a cylindrical tube whose diameter is equ^ to the thickness of the annular space, 
llonoe also between two parallel fiat plates, which may be r^arded as cylinders of in- 
finite radius, the height to which a liquid rises is half that in a cylindrical tube whose 
diameter is equal to the width between the plates. 

The following table shows the heigU^ as determined by Frnnkenheim (Pogg, 
Ann. Ixx. 515), to which different liquids rise in cylindrical tubes of 1 millimetre ramus 
at 25^ C. 
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Gr.ivity 

Ue<|{ht 

III 
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Gravity. 
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Benxene , 



0*H40 

G*C0 

Water 

0*9;(7 • 

14*67 

Oil of turpenttne 



0H71 

list 

Suipliltle of carbon . . 


4*84 

Oil Ilf Ivinon 





'I'l iohtorldo of {ihosphoritt . 

I *41 

3-76 

Uock'Oii . • 



0-8 «7 

<j fii 

l)i»ulphida uf chlurliie . 
'rricliioriiie of ui »cuic 

1*687 

4‘95 

Oil of CloTOS , 



1 (WiO 

6*6^ 

218 

407 

Kupionn . 



o•#w^ 

6*7*2 

Dirhiorile or till 


2'AO 

Alcohol , 



0*8U0 

5-7a 

I'hlorlUe uf uitriigcn 

1 34 

39 

Kiher 



0 716 

4*77 

Bromine 

3-0 

4 A 

OuHlic cl' er 



1093 


b'll liur 

‘.1*14 

’ A'g 

Arctic ether 



0*749 

6*61 

Mercury 

la'W 

-4*6 


For the thcoiy of capillaiy phenomena, we must refer to works on physics {yid, 
lluUer, Lehrbttcii <jkr Vh^aik and Mtteurologie^ 1853, i. 97). 

CAVJTOaKOX. One of the constituents of beech-tar, first separated by R e i o h e n- 
bach (J. pr. C’heui. i. 1). According to Volckel (Ann. Ch. Pliarm. Jxxxvu 99), 
capuomor is contained, together with creosote and another oil, in the jKirtion of wood>tar 
wluch is soluble in potash, and on distilling the alkaliue-liquid, capnomor passes over 
with the vapour of water. It is perhaps partly formed by the decoiu|>osition of the 
creosote. 

It is a colourless oil, having a peculiar odour, rather lighter than water ; boils 
between 180*^ and 208° O. InsoKible in pure water anti in potush, but dissolves partially 
when creosote is likewise present. Contains 81*2 carbon and 7*8 hydrogen ; perhaps 
r^H**0*. It dissolves in strong sulphuric acid with red-purple colour; the solution 
m decolorised by water and then contains a coujugatecl acid. Nitric acid converts it 
into prussic and oxalic acid and another crystalline substance. 

CUkVOXCKAXriTS. A silicate of calcium and aluminium found in seveml localities 
in Tuscany, both in radiated laminie and in crystals belonmng to the monoclinis 
•Astern; cleavage perfectly parallel to OP and ooPo», easy a&o parallel to ooP. It 
has a fiin^-red colour with nacreous lustre ; transparent only in thin Jaminte. Specific 
SMrity|r479. Hardness -i 3*5. It splits easily into thin acicular framonts. It 
on water when heated in a tube ; and melts with intumescence to a wnite enamel 
the blowpipe. Hissol V6B easily in acids, with separation of gelatinous silica. Ac- 
seeding to Anderson's analysis (N. Edinb. Phil J. xxxiv. 21), it contains 52*8 SiO^ 
21*7 A1*0*. 0 1 kVO», 11*3 Ca^O, 1*1 K*0, 0 2 Nh O, 0 4 Mg'O and 18*1 UHt 
(<* 100*7), ogreeiitf nearly with the formula Ca''O.APO*.4SiO* Saq. It appears 
to be a variety of Loumontite jformed by weathering. 

OJkWWMMMM SFnrOftA- A shrub growing in the south of Europe, the root-bark 
ef which is said to contain a neutral bitter principle of sbaip irritating taste, and 
tvsemhUng senegin. The flower- buds pidded in satt and vinegar ibrm capers. Dis- 
tilled with water they yield a distillate having an alliaceous odour. After thw have 
Wn washed with cold water, hot water extnu4s ftom them esprio smd and a gelatinous 

find 
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substance of the pectin group. Capric acid is sometimes found deposited on the caHcvs' 
of the buds in white specks having the appearance of wax. (Bochleder and Blaa) 

CAFXASb. A term applied sometimes to caproic, sometimes to capric aldehyds 
(see those compounds). ^ 

CAFAAMKDB. Caprinamide. C»«H«KO « N.C«H*'X).H*.--The primaiy anud^ 
of capric acid, produced by the action of strong ammonia, on an alcoholic solution of 
caprate of ethyl. When purified by crystallisation from alcohol, it forms colourless 
shining crystalline scales, which have a silky lustre when dj^, are insoluble in water 
and in aqueous ammonia, hut dissolve readily in alcohol. (B o wn ey, Ann Qh. Phanu. 
Ixxix. 231.) 

CAFBXO ACZB. Rutic Acid. (G-m. xiv. 485.)— This acid was first 

discovered by Chovrcul in the butter of cow's milk. It is contained in cocoa-nut oil, 
and in several kinds of fusel oil ; it occurs among the products of the distillation of 
oleic acid and of choloidic acid, and is also formed by the oxidation of oleic acid and 
of oil of rue. 

According to Bowney, it is obtained pure and in tolerable quantity from the residue 
which remains in the distillation of fusd oil, after the amylic alcohol has distilled off 
at 132° C. The caproic acid is present as caprato of amyl. When this residue is de- 
composed by boiling with caustic potash, the amylic alcohol distils over, and the residue 
contains caprate of potassium. On the addition of hydrochloric acid, capric acid is 
liberated as an oily mass, which is washed with water and dissolved in dilute am- 
monia, The caprate of ammonium is mixed with chloride of barium, and the iu- 
soluhlo barium-salt which precipitates is filtered off, washed with cold, and dissolved in 
boiling water : on cooling, caprate of barium is deposited almost pure. To obtain the 
acid, this salt is treated with carbonate of sodium, and the solution of caprate of 
sodium is filtered from the carbonate of barium, then decomposed with sulphuric acid, 
which throws down capric acid almost colourless, and in the solid form. It is purified 
by solution in alcohol and reprecipitation by water. 

The CA.PUATUS are mostly difficultly soluble in water. 

Caprate of Barimn, is almost insoluble in cold, but soluble in 

boiling water, from which it separates in needle-shaped or largo prismatic crystals, 
which fioat on water if not moistened. 

Caprate of Calcium, Ca"(C'®H*®0*)*, falls as a white insoluble powder when 
caprate of ammonium is mixed with chloride of calcium. It is more difficultly soluble 
in boiling water than the barium-salt, and crystallises in beautiful lustrous laminse. 

Caprate of Magnesium resembles the calcium-salt. 

Caprate of Lead is precipitated as a white amorphous powder when caprate of 
sodium is mixed with acetate of lead. It is very little soluble in boiling alcohol. 

Caprate of Silver is nrecipitated on the addition of nitrate of silver to caprate of 
ammonium. It is but slightly soluble in boiling water, and is deposited on cooling in 
needle-shaped crystals. Wien moist, it is readily changed by exjKisnro to light. 

Caprate of Sodium is readily soluble in water and alcohol. On evaporation it is 
obtained as a homy muss, presenting traces of crystallisation. It is easily soluble in 
hot absolute alcohol, forming an opalescent mass. 

Caprate of Ethyl. Capric ether, C*®II**(0'*n*)0* is formed by dissolving capric 
acid ill absolute alcohol, saturating the solution with dry hydrochloric acid gas, and 
then mixing with w'atcr. It separates as an oily layer, which, when washed with 
water, forms a coIoiirlc.ss liquid of specific gravity 0'862. E. A. 

OAVRXC AXtBEBTBB. C‘®ir"0. — The aldehyde of capric acid baa not yet 
been obtained witli certainty. It was forine^ supposetl, accortling to the insults of 
Gerhardt (Ann. Ch. Phys. [3] xxiv. 96) and Wagner (J. pr. Chem. xlvl 155 ; lii. 48), 
to bo the chief constituent of oil of rue, but according to Gr. Williams (Phil. 'Trans. 
1858, p. 199), this oU consists mainly of evcdic aldehyde, C**H®0. This re^t, so fkr 
as regards the quantitative constitution, has been confirmed by Hallwachs (Ann. Gh. 
Pharm. cxiii. 107), who, however, maintains that the body C'*H®Ois not an aldehyde. 
According to more recent statements by Wagner, on the contrary, oil of rue is really 
capric aldehyde, and forms with ammonia a compound which, when treated with sul- 
phydrio acid, yields thiocaprie aldehyde, C*®H**S*N, and with hydrochloric and hydro- 
cyanic acid a compound homologous with aJanino. (See Ruii|, Oil of.) (Hanm. A 
Chem. 2** Anfl. ii. [2] 741.) 

OAFXnAWUAS. ^ OapbaUIBB. 

CAFBOOXAirXTB. Syn. with Cafobciamiti. 

CAFAOnra. Syn. with Hpxtlenb, 
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CASmOXC ACXDm C*H**0* (Gm, xu 414.)— Thk acid, iha sixth in Uio aerias 
of futty acids, was first discovered by ChcTPenl in the butter of cow's milk, in which it 
exists in combination ^th glycerin. It exists in considerable quantity in cocoa-nut 
oil, and in cheese, and is a not unfi«quent product of the oxidation of the fatty acida of 
higher atomic weight ; it is also obtained by the oxidation of poppy oil and of casein. 

From cocoa-nut oil it is i^adily obtain^ by saponification uath soda-ley of spe- 
cific gravity 1*12. The soap is decomposed by sulphuric acid, and rapidly diatilM 
from a copper retort. The distillate, which consists essentially of caproie and capiylio 
ncids, is neutralised with baryta, and the solution evaporated to crystallisation. The 
en'stris which first form are capiydate of barium ; when the solution is further evapo- 
rated and allowed to stand, caproate of barium is obtained in vormcose crystals. The 
salt purified by crystallisation and decomposed by a stronger acid, yidda caproio acid 
in an oily form. 

The best method of preparation is that of Fmnkland of Kolbe, viz. the decomposi- 
tion of cyanide of amyl by potash : 

C*H”N + KlIO +H*0 « C*H"KO» + NH*. 

Cyanide CaiMroato of Ammonia. 

of amyl. potattium. 

Tlte process as modified by Wurtz, is as follows ; — To prepare cyanide of amyl, 
the black mass obtained by calcining ferrocyanide of potassium in a covered cni- 
oiblc, is placed in a retort connected with the lower part of a Liebig's condenser, 
together with four or five times its weight of alcohol, and the mixture is heated to boil- 
ing. A quantity of iodide of amyl, not quite sufficient to docomposo the cyanide, it 
then gradually intro<luoed through a funnol-tulxj, and the boilin^r is continued till the 
decomposition is complete. This point is Rscertained by allowing a dtt>p of the oil 
which separates on the addition of wafer, to evaponit-e on the end of a glass rod held in 
a flame: the presence of the smallest quantity of iodide is norcoptiblo by the brown 
vapouM of iodine produced. When the conversion of the ioaide is effected, tho alco- 
holic: liquor is mixed with excess of u^atcr, and tlio oil which separates is boiled with 
alcoholic solution of potash in a retort connected with the lower end of a Liebig's 
condenser, until it is completely decomposed into ammonia and caproic acid. The ca- 
proate of potassium is then decomposoa by a stronger acid, and the oily layer removed 
and distiliod. 

Caproic acid is a clear mobile oil of specific gravity 0'031 at 16® C. It Itas a sudo- 
rific odour and penetrating acid taste. S|wringly soluble in water, but dissolves 
completely in absolute alcohol. The acid prepared from cyanide of amyl solidifies at 
•-9® C,, and boils at 198®, and according to Wurte, has the properly of circular pola- 
risation. That from cocoa-nut oil Ixhls between 202® and 209® (probably owing to an 
admixture of caprylic acid), and does not affect tho plan© of polarisation. 

Caproic acid is dissolved by sulphuric acid without change in tlie cold, and is again 
liberated on the addition of water. A concentrated solution of caproate of potassium, 
when subjected to a current from six of Bunsen’s elements, is electrolysed in a manner 
niialogons to valerate of potassium. The oil wdiicli separates on the surface contains 
nmyl, C*®I1**, together wuth another body, which is probably caproate of amyl, result- 
ing Ixom a secondary decomposition : 

2C*H»KO» + O - C«I1« + K*CO* + CO* 

Caproate of Amyl. Cat bonatfi 

pntaMiiim. of poUuiluin. 

oT2C*n'*KO* + O + H*0 « C'*H« + 2KHCO*. 

Caproate of Amjl. Add carl>onat6 

potatiium. of putatiium. 

Oaproatbs. — ^Tho salts of capric acid resemble the valerates, and are obtained in a 
similar manner. 

Caproate of Ammonium, obtained by saturating caproic acid with amm^niacal 
gas, is a ciystaifine salt, which, by absorbing more ammonia, again deliquesces. 

Caproate of Barium is obtained ly saturating tho acid with carbonate of barium. 
By spontaneous evaporation of tho sofaiion below 18® C. it crystallises in lustrous 
hexagonal laminse, which become milky in the air. Crystallised above 30® C. it forms 
needles often of some length. It dissolves in 12*6 pts. of water at 20® C. In moist 
air it smclla of caproic acid, and its aqueous solution deposits a basic salt when boiled. 
When distilled it yields combustible gases, among which propylene, C*H*, is present 
in greatest quantity, and an oil passes over which contains proplone, C“H**0. The 
residue consists <k carbonate of barium and charcoal 

Caproate of Calcium forms lustrous square laminae, which are soluble in 49 pCs. 
of water at 14®C., and fose on being heated, emitting an odour like that of the 
Labiatm. 
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Caproat» of Magnesium, Mg"(0*H'’0*)* + 2 *q., ei!ystMlH^i«« in ai^n . 
^tod needles, which retnin 1 nt of wftter when heated above JOO^ C, 

Caproate 0 / Potassium, (PW^KO^, is obtained by the spontaneous emar^ 
of its solution, as a transparent jelly, which becomes opaque when warmed. ^^^*®** 

Caproate of Silver, CfH^AgO* is obtained by precipitating an aqneoas solution 
of the barium-salt with nitrate of silver, as a white precipitate, sparingly soluble iu 
cold water. After being washed out with cold, and then dissolved in boiling water it 
separates on cooling in magnificent crystalline laminae, which are unalteredLj light 
Caproate of Sodium, C“II“NaO*, resembles the potassium-compound. Ita 
aqueous solution forms a white unciystalline mass on evaporation, 

Caproate of StrontiiLm, Sr\C‘'lI*'0-)^ crystallises in transparent lamina 
which effloresce in the air. ^ * 

CiLVltOZO AXiCOHOZia See Ejbxtlic Alcohol. 

CAPliOZO AKBBHnii. Hydride of Caproyl. C*H'*0 « This 

compound appears to be produced in small quantity in the dry distillation of caproate of 
calcium or barium, being found chiefly in the first portion of the distillate obtained by 
the rectification of crude caprone. (Brazier and Cfossleth, Ann. Ch, Pharm. lax. 25'S.) 

CAPAOZC AXTKnXZSlI or Anhydrous Caproic Acid. = (C*’II"0)^0. 

— According to Chiozza, this body is prepared by placing 6 at caproate of barium iii 
a retort, and gradually adding 1 at. oxychloride of phosphorus. The mass becomes 
warm and pasty; on cooling it is extracted with pure ether; the ethereal solution 
is agitated with weak potash, then dried over chloride of calcium ; and finally the ether 
is evaporated in the wator-bath. 

Caproic anhydride is a neutral oil, lighter than water, and with an odour resembling 
caproic acid. When heated it volatilises, emitting an aromatic odour, and leaving a 
slight carbonaceous residue. E. a. 

OAPROZC BTBBM. Caproate of Methyl, C«H"(CH*)0*, is obtained, accord- 
ing to Fehling, by mixing 2 pts. each of caproic acid and of wood-spirit with 1 pt. of 
sulphuric acid, and gently heating the mixture. The liquid is mixed with water, and 
the supernatant oil is washed with water and dried over chloride of calcium. It is 
a colourless liquid of specific gravity 0-8977 at 18° C. ; boils at 150° C. Its vapour- 
densily is 4’62r3. 

Caproate of Ethyl, C’*H"(C*II*)0* is obtained like the preceding compound. It is 
a transparent liquid, with a pine-apple odour, somewhat resembling butyric ether, but 
not so delicate. Its specific gravity is 0 882 at 18° C., and it boils at 162° C. Its va- 
pour-density is 4*97. 

Caproate of Amyl. C*H'‘(C*H")0*. — Crude caproic acid (prepared by Frankland* 
and Kolbe’s method), the greater part of which passes over at 198° C., contains an ad- 
mixture of caproate of urayl. On continuing the distillation, it passes over at 212° C. 
It may also bo obtained by neutralising the crude acid with carbonate of potassium, 
whereupon it remains undissolved as an oily layer. Removed, dried over chloride of 
calcium, and rectified, it is obtained pure, and^of constant boiling point at 211° C. It 
is insoluble in water, but soluble in all proportions in alcohol ana ether. It is decom- 
posed by potash into caproate of potassium and amylic alcohol. E. A. 

^ CAPROKTB. C“H**0 ? When caproate of barium is submitted to destructive dis- 
tillation, tritylene and other gases are given oflj and a colourless oil passes over. If 
this oil be dried and rectified, it begins to boil at 120-' C., and the thermometer ulti- 
mately rises to 160° — 170°C. By rectification, a product is obtained, boiling con- 
stantly at 166° C. It is a colourless oil, lighter than and insoluble in water, and having 
a peculiar odour. It is readily soluble in alcohol and ether, becomes brown in the air, 
and is attacked by nitric acid even in the cold, nitrovtUerie acid, C*H*(NO-)0*, being 
apparently formed. 

The boiling-point of this compound (164°C.), differs widely from that calculated for 
eapione, 232°, and it is hence doubtful whether it is the true caprone. 

CABROirZTRZBB, C*H**N, This compound, which contains the elements of 
caproate of ammonium minus water [C*H**(NH*)0*- 2H*0], has not been obtained 
directly ftom that salt. The isomeric (or identical) compounc^ cyanide of amyl, 
C*H*hCN, is obtained by heating an ^coholic solution of iodide of amyl to the 
boiling point, with excess of cyanide of potassium. (See Ctaxides of Aloohoi- 
Habiclbs.) 

OAMUMrOTZu A name applied by Weltzien to the radicle OH”, which may be 
supposed to exist in caproic aldehyde, and in caprone, C*H**.OH”.Q, 

CAFROTlIi (or Capronyl, according to Weltzien), C*H*>0. — ^The radicle of caproic 
acid and its derivatives : e.y. caproic acid = C*H *O.H.O ; caproic aldehyde, OH 'O.H ; 
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or _*irrjntt_ C H O. — Th* radide of oaprio or ratio teid, 
and its derivatives. The same term is applied to C*H*K), the radide 
of caprjrUc acid: it is better however to call the latter caprylyl, unless indeed the 
term capric acid be altogether abandoned, and rutic acid auUtitut^ for it. C •H‘*0 
would then be called r u ty 1, and C*H‘*0, capry 1. There is at present great conftisioii 
between the names of these radicles, which is nirther increased by the application of 
the same name, capr^l, to the radicle of the 8-carbon alcohol For this last* 

mentioned radicle we sliall use Qerbardt's name Octyl (j. v.) 

OAPRYlUkllKXirB. See Oottlaicinb. 


CABBnVWB, See Octtlxnb. 


CA»B«tO Aozn. - C*H'»O.H.O (Gm. xiii. 190).-CapiyHc acid was 

discovered by Lerch, in the butter of cow’s milk. It is also conUined in cocoa-nut oU 
and in Limburg cheese ; in several kinds of ftisel oil it occurs partly free and partly 
ill combination vrith ethyl and amyl. ^ ^ 

The best Murce tor this acid is cocoa-nut oil : from the difficult solubility of its 
barium salt^ it is easily separated from caproic acid, with which it is associated (see 
Oaphoic Acid). The capry late of barium is purified by rccrystallisation ; its aqueous 
solution decomposed by sulphuric acid; and the oily liquid which rises to the surface 
is vrashed and distilled: the distillate between 230 and 238*> C. is pure capiylic acid. 

C’aprylic acid has a feeble but unpleasant odour, which is mf>re perceptible when 
the acid is warm. It solidifies at 12® O., melts at 16®, and as the liquid slowly cools. 
Isiminfe resembling cholesterin form in it. At 20®, its specific gravity is 0*911. It 
boils at 236® — 238° ; its oliservcd vapour density is 6*31 (calculated 4*98). 

C'aprylie acid is monobasic, the general formula of its salts being 
Cdf^t/late of Ifariumf crystallises from a hot aqueous solution, in fine, 

white, fatty laminm ; by spontaneous evaporation, in small wliito grains. It dissolves 
in 66 pts. water at 100®C., and in 126 pts. at 10°. It is quite insoluble in alcohol aii<l 
ether. It contains no water of crystallisation, and can bo heated to 100° without 
change. 

Capriflate of Lead^ Pb"(C“H**0®)*, is obtained on mixing caprylate of bariunir with 
nitrate of lead. Is a sparingly soluble precipitate, which melts at 100° C. 

Capriflate of Silver^ prepared in the same manner, is white and insoluble. £. A. 


Suhstitution^derivativB of Caprylie Acid, 

NrrHocAPBTTJo Acid. C*II’*N0^ ■■ C*H**(NO*)0* (Wirz, Ann, Ch. Pharm. civ. 
289).— This acid is produced by the continued actif>n of nitric acid at the boiling heat on 
the mixture of non-Volatile fatty acids which is obtained from cocoa-nut oil by saponijfy- 
ing the oil witli soda, decomposing the soap with sulpliuric acid, and distilling off the 
volatile acids. After washing the product with hot water, till the grains of suberic acid 
mixed with it are removed, there remains a heavy oil, containing nothing butnitroca* 
prylic and nitrocapric acids. The acid thus obtained is a yellowish-red, ^rupy oil, har- 
ing a peciUiar odour and bitter taste, of specific gravity 1*093, at 18® CC ; it dissolres 
sparingly in water, more easily in strong nitric acid. When heate^ it becomes dark- 
coloured, and decomposes, with evolution of nitrous acid, and at a higher temperature, 
detonates slightly. 

Nitrocaprylic acid neutralises alkalis completely. With ammonia, it forms a yel- 
lowish-red, and with potash a deep red solution, leaving an nneiystal Usable maM 
when evaporated. The ammonia-salt yields with salts of calcium, banum, lead, and 
coiu^r. flaky precipitAtes, which form a viscid mass when stirred. The silver-salt, 
C“H**Ag(NO*)0» is precipitated in yellowish-white flakes, which diy up to aydfowish- 
grey mass. 

CA^mTUO B&OOBOXto See Oom.ic AxcoBOt- 

CBFmrazo AJMWMnm. Hydride of CajfryM, CFR^O - C>H»O.H.~A body 
Having this composition and capable of nniting with the acid sulphites of olkaii-meials, 
IS obtained, among other products, by the diy distillation of castor-oU soap (ricinol^te 
of sodium or potassium), either alone or with excess of alkalL It was first obtained 
^*y Llmpricnt (Ann. Ch, Pharm. xciii 242), who regards it as caprylie aldehyde; 
afterwaraa examined by Bouis (Ann. Ch. Pbys. [3] 99), who tekes the same 

^cw of its constitution; and forther by 3tfidelcr(J* pr. Chem, Ixxii 241), and by 
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I)ucIiauer(Anji, Ch. Pbmiu cvi 270% who i^egard it as an aeeton^ vk, meth 
(Bnanthyl, According to Bonis, the aldehyde is formed, together ini 

an acid and without evolution of gas, chieflj when caator-oii soap is slow] 

heated to a temperature not exceeding 225®— 230® C., and without ezoess of alkali* 
C«H»*0* 1 C«H”0 + C'®H"0*; 

Jllclnoteic Caprjrllc New acid. 

, acid* Aldehyde. 


whereas if the soap be quickly and strongly heate^ especially with excess of alkalj 
hydrogen is abundantly evolved, and octylic .alcohol is produced, together with sebacio 
acid (see page 98). Malaguti obtained sometimes octylic alcohol, sometimes captylie 
aldehydOi but always sebacic acid ; he explains the formation of these products by the 
equations ; 

+ H^O + O « C®H«0 + C*^H*«0* 

nicinoleic Octylic Sebacic 

**cid. alcobol. aci^ 

C'«H»'0* + O* « C*H**0 + C»®H**0* 

Caurylic 

aldehydes 


Stadeler and Dachauer likewise obtained sebacic acid in every case (p. 98). 

Capiylic aldehyde is also produced by distilling a mixture of capiyfate and formate 
of calcium (Limpricht): 


JCa" 


iCa"{^ * 


Ca"CO» + 


H{ 


To prepare pure caprylic aldehyde, the crude distillate obtained by heating caster- 
oil soap with excess of hydrate of potassium, is treated with a strong aqueous solution 
of acid sulphite of sodium ; and the resulting crystalline mass is repeatedly pressed 
between paper, washed with alcohol, dried over sulphuric acid, and dissolved in hot 
water, whereby it is decomposed, and caprylic aldehyde set free : it is then dried over 
chloride of calcium and rectified. According to Bouis, it is belter to distil the neutral 
soap per se, or better still, the barium-salt formed from it, because the latter does not 
froth. 


Capiylic aldehyde is a colourle.sa, strongly refracting liquid, having an aromatic 
odour and caustic ta.ste. Specific gravity 0*818 at 19® C. (Bouis). Boiling point 
178® (Limpricht); 171® under ordinary pressm’e (Bouis). It is insoluble in water. 
It bums with a bright non-smoking flame ; becomes acid when warm air or oxygon is 
passed through it (Bouis); and is violently oxidised by nitric acid, with formation 
of capiylic acid and other fatty acids ; chromic acid also partly con\*erts it into an 
acid. Ileated with solid potash, it forms a brown spongy mass. With ammoniacal 
nitrate of silver it forms a metiUlic mirror. With pentachloride of phosphorus, itfoions 
chloride of octylcne, 

Capiylic aldehyde unites with acid sulphites of alkali-metals, without rise of tempe- 
rature. The compounds arc insoluble in excess of the acid sulphite, and are decom- 
posed by water. The sodium-suU contains 2C*H*‘‘0.2NaSO* SO* + 2 aq. 

GAVlt'nXC AXtVrXTSmmm. Anhydrous Caprylic acid, =(C?‘K»0)*0. 

— ^This body is obtained by treating 6 at. caprylate of barium with 1 at. of oxychloride 
of plioaphorus. Much heat is disengaged, and the mixture is changed into a pasty 
mass, developing a peculiar and unpleasant odour, which probably arises from chloride 
of caprylyl. From this pasty mass, the anhydride is extracted by treatment with 
ether, which must be free from alcohol. The ethereal solution is agitated with dilute 
potash-ley, in order to remove caprylic acid, and then dried over chloride of calcium. 
On the evaporation of the ethereal solution, the anhydride is left ns a clear mobile oil, 
lighter tlian wat<*r. When freshly prepared, it has a sickly otlour, whicli is more 
evident when it begins to pass into capiylic acid. When heated, it gives off vapours 
which attack the throat, but have an aromatic odour. In a freezing mixture, it 
solidifies to a white mass of imperfectly crystalline texture. It begins to boil at 
280® C., the temperature gradually increasing; to 290®, when the liquid begins to de- 
compose. Boiling water does not convert it into capiylic acid, but when left for some 
time in contact with moist air, it gradually changes into that substance. Potash-ley 
gradually changes it into caprydic acid. (Chiozza, Ann. Ch. Pharm. Ixxxv. 229). 

£. A* 

OA»mVUO lITBBJtB. Caprylate of Methyl. 0*H'*(CH«)0*, is foimed, 
when capiylic acid dissolved in its own weight of methjHc alcohol is mixed with a 
quarter of the weight of sulphuric acid. The liquid immediately becomes turbid, and 
me caprylate of methyl forms a light oily layer on the surface, It is removed, washed 
with wato, aud dried. It is a colourless, highly aromatic liquid, with an odour of 
wood-spirit. Its specific gravity is 0*882, and vapour-density 5*48. It is scarcely 
soluble in water, but dissolves readily in alcohol and in ether. (Fehlicg, Ann. Ch. 
Pharm. liii. 405.) 



C<tpr0M ^/ like tke pcecedlng eompottud. 
rt is i colow»r B9«i4 a pine-appU odour. Its i^flogravity is 0-8738 at l«o 
It boils at 214® a VapOut^ensity - 6-1. It is iasohihle in water, but soluble in 
alcohol and etker. (Fehling). E. A, 

OAVmnon* This name has been given to a substance which Ouckelberger 
obtained by the deatructire distillation of caprylate of barium, in quantities of about 
half an ounce, with excess of lime. White vapours pass off) and condense in the re- 
ceiver to a yellow oity liijuid, wMch after some time sotidifies to a yellow Wte^ mass. 
By appropriate purincation, it is obtained as a white e^stalline body, tike Chinese 
wax, and of feeble yruxj odour. It is very soluble in alifchol and ether, whether hot 
or cold.' It melts at 40® C., and solidifies at 38® to a radiating crystalline mass. It 
boils at 178®, and distils without altonition. 

The boiling-point of caprylone, as calculated from that of its homologuo ccnanthylono, 
would be 300® C. The discrepancy between this number and 178®, the boiling-point 
of oaprylono, seems to prove that this is not the true acetone. Further exponments 
ure necessary to decide the point. K A. 

CAP&T&T&. C*H‘*0. The radicle of caprylic acid, &c. 

CAPSB&UL BVltSiL PA8TOM8* ShephiTd^s Purse , — The green parts of 
this plant contain an acrid sulphuretted volatile oil (oil of mustard?) waxy and fatty 
matter, saponin, tannin, tartaric, citric, and malic acids, colouring matter, and traces 
C'f su^ar, 100 pta. of the air-dried herb yielded 9 per cent, of ash containing sand, 
tiu* composition of which, in 100 pta., after deducting tlie charcoal, was found to bo: 
15*7 K-0, 8-6 NaH), 147 OaO, 3*1 MgO, 19 IVU^ n i IG'2 CO», 6-2 SO", 

8'4 P*C)*, 4 2 ri, 20*0 SiO* and aainl. (Dau brawn. I’linnn. xeix. 127.) 

The seed yields by distillation with water, a volatile oil, which, according to Pless, 
u identical with oil of mustard. According to G. J. Miildor, the seed contains in 
100 pts. : 28*8 fixed oil, 26*5 albumin, 12 3 nun* nitrogenous soluble matter, 16*0 woody 
fibre, 11*6 water, and 4*8 ash. According to Neulmrgor, the seed contains 20 per cent, 
of oil and 23 of albumin. (Handw, d. Ciieui. 2‘» Aiifl. ii, [2] 780.) 

CAPSlCiariL An alkaloid obtained from Spanish pepper, the fruit of Capsicum 
anmnm, (Braconnot^ Ann. Ch. Phys. [2] vi. 1; Witting, Buchner’s Hepert. xxxvi. 
15; Lauderer, Vierteljahrs. pr. Pharm. iii. 34.) Tlie same name is applied in 
America to an oleo-resinous extract from Cayenne pepper {Capsicum fmccatum), 

CAPITT MORTUUJML. An old term for the rewiduo of a distillation or subli- 
mation ; the imjmre ferric oxide obtained us a residue in the distillation of fuming 
sulphuric acid from ferrous sulphate, was called Caput niortuum vitrioli, 

CRRAClHlSlIir MOMS* Irish pearl vioss, {Sphtsroews crispusA — An alga, 
t<>iind in abundance on the coasts of the Atlantic and the North Sea. it is used as 
food, us a remedy in clu'st complaints, and for the claridetttion of turbid liquids. It 
swells up considerably in cold water, and diHsolves almost wholly on boiling. The 
ilreoction forms, on cooling, a jelly having a faint saline taste, and the peculiar odour 
of sea-weed. According to licrbcrgcr, it conttuna 79*1 per cent, gelatinous matter, 
partially soluble in Cold water, iierfcctly in hot wahir, insoluble in alcohol and ether; 
9‘6 mucus, insoluble in water, alcohol, and ether; 07 resin; 1-3 chloride of sodium; 
07 chloride of magnesium ; 8*7 skeleton, consisting of cellular substance and salts. 

According to Sch tn i d t (Ann. Ch. I'harm. li. 56), the mucus obtained by precipitating 
the aqueous decoction with alcohol containing hydrochloric acid, pressing Uio pre- 
cipitate, and washing it with alcohol, contains 44*8 carbon to 0*2 hydrogen, (whence it 
appears to be a hydnite of carbon, like sugar, starch, &e„) and leaves, when bumt| 
10*39 per cent, ash, chiefly consisting of sulphate of calcium. The skedeton of caragheeU' 
inoKH leaves on incineration an ash containing sulphate and phosphate of calcium, 
and, according to Sarphati, likewise metallic io<lidcs. (Handw. d. Clicm. 2** Aufi. ii.- 
L2] 782.) ‘ 

^ CARAXlTBtr, CRAJURITv or CAJtOURV. A red dye-stuff, imported from 
I*ara in Brazil, probably identical with cAico-rcrf, which is obtained from the leaves of 
the Biffnonia Chwn^ Carajuru appears, however, to bo superior to onlinaiy ohiea, and 
IS perhaps distin^ished from it by greater purity. According to Virey (J. Fhonn* 
1844, p. 151 ) it IS a light mealy powder, destitute of taste and smell, and aoqiiiring » 
coppeiy lustre by trituration. It is insoluble in water, soluble in alcohol, ether, and 
alkalis, and precipitated from the latter by acids in its original state. Bums with 
leaving a considerable quantity of ash. 

^,^AJLAMXXn (P41igot, Ann. Ch. Phys. IxviL 172. — G41is, Ann. Bhys. J[3J 

hi, 352.) — ^A product of the action of heat upon sugar. When cane-sugar is heated in 
M oil or metal batik to between 210® and 220® C., care bein^ taken not to exewri the ' 
wtter temperature, it assumes a brown colour cf continually ittercasing depth, without 
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f^nag off imr permanent gas: 

of Acctic acid and an oiljr sabBtaneem Vthen 'ihe^ ■ ' 

ia found to contain, a black 9ab6i^as<», i^cb diaiMdm 

caramel. To obtain it pure, it is disaolyed in a 0 maU quantiffy IU|4 jpPQjl^pItatad 

bf alcohol It may al^ be obtained from glucose,’ Imt not so Teftdii^ ^ : ^.(: 

Caramel when pure is insipid; its aqueous soluUon has a Hc&'i^ia^tihl;. '^It is u. 
soluble in alcohol ; does not ferment under the. influence of yc^t ; it ^eJds copotis 
precipitates with ammoniacal acetate of lead and baryta- water. When etrongly heated 
it yields same products as sugar. (Pdligot.) • * 3 

Caramel was long r^arded as a simple proximate principle of the fomma C**fii*0* 
the precipitate which it forms with baiyta- water having the composition C*’lI*’BaO*. 
But, according to C^lis, caramel prepared as above is a mixture of several coloured 
substances, some soluble, others insoluble in water, amongst which he particularly dis- 
tinguishes three, viz. oaramelane, C‘*H*®0*, caramelme, C“H^**, and caramelin^ 
C**H**'0**. All these substances are produced from sugar by eUmination of the ele^ 
ments of water, the atomic weight being at the same time incrsiij o d, thus : 

8C'®H'"0“ - 37H®0 « C^H‘^0* ; 

Sug'ar. Caramelln. 


and by keeping sugar for some time at 190^ C. these products may be obtained one 
after the other. If crystallised cane-sugar be used, the residue, after 10 pCr cent has 
been given off as water, consists of nearly pure caramelane; after 14 or 16 per cent 
has gone the residue is rich in caratnelene; and after a loss of 20 cent it 
consists almost whol iy of c a r a ra e 1 i n. Grape-sugar yields products nearly resembling 
but not identical witii these. 


Caramelane may also be obtained pure by digesting ordinary caramel with 84 
per cent, alcohol, which sometimes dissolves it completely, sometimes leaves a residue 
amounting to 40 per cent ; treating the solution (which contains caramelane, unde- 
can^osed sugar, and sometimes a little earamelene) with yeast to decompose the sugar 
by fermentation ; evaporating the filtrate to dryness; redissolving in alcohol, which 
tuen leaves the earamelene uiidissolved ; and evaporating the solution. 

Caramelane, to which ordinary caramel chiefly owes its characteristic properties, is 
a brown substance, hard and brittle at ordinary temperatures, very soft at lOO^C., 
odourless, with a strong bitter taste, deliquescent, very soluble in water, moderately 
soluble in aqueous alcohol, sparingly in absolute alcohol, insoluble in ether. It reduces 
cupric oxide in alkaline solution, also gold and silver from their salts. Nitric acid 
converts it into oxalic acid. The aqueous solution does not precipitate metallic salts. 
The alcoholic solution forms, witK an alcoholic solution of neutral acetate of lead, a 
yellow precipitate containing C**li‘®Fb"0® ; with an ammoniacal solution of acetate of 
lead, added in sufficient quantity to produce complete precipitation, it yields the 
compound C'“II**Pb'’0*.Pb''0 ; and with excess of a solution of baryta in wfwd-spirit, 
a precipitate containing C‘*H**lla At 1 90'’^ C. cammelano gives off water and 

passes into earamelene (G^lis). Volckel (Ann. Ch. Pharm. Ixxxv. 69) applies the 
term caramelane to the black residue, insoluble in water, left on heating sugjir to 
260® — 300® C. This residue is insoluble in alcohol, sparingly soluble in potash, 
liaa, according to Volckel, the composition It is perhaps identical with the 

substance here called caramelin. 


Caramelene. — The residue left after treating caramel with alcohol of 

84 per cent, contains earamelene, which may be extracted by cold water, and sepa- 
rated from the solution by evaporation or by precipitation with absolute alcohol, and 
freed from a small quantity of admixed Citramolin by redissolving it in water. It is 
fioltd and brittle, of the colour of mahogany, not hygroscopic, easily soluble in water 
(exhibiting a colouring power six times as great as that of caramelane) and in dilute 
alcohol, sparingly in strong alcohol, and insoluble in ether. It reduces cupric oxide 
from an alkaline solution, and is converted by nitric acid into oxalic acid. ItaSarium- 
componndf precipitated by alcohol, is composed of G“lP*l{a 'O". With lead it foimis 
the three compounds G^H^-Pb'O'*, C»'»H«Pb"0«*,3Pb''0. and C**H«Pb‘'0".5Pb"0. 

Caramelin^ exhibits three isomeric modifications, viz. soluble in 

water ; insoluble in water, soluble in other liquids ; C, insoluble in all ordinaxy 
CN>lTent8. The modifications B and C are contained in the residues left after treating 
caramel with cold water ; and from these residues B may be extracted by boiling 
water {B then passing into A) hy 60 per cent, alcohol, or by alkaline liquids. Cara- 
nielin separates fiom a hot aqueous solution on evaporation in films, by precipitation 
with alcohol as a copiaus precipitate, but in both cases as the modification B: s^larly 
when precipitated by acids from alkaline solutions. But when caramelin JB is dried, 
w even left for several days in the moist state, it passes into the modification C, and 
is then insoluble in aU sol vents. Caramelin which is insoluble in cold water and in 



Its eolauring poirar to %% 

time#Jkf|iriap|IW 

iQlwble eubstaiioe. Like cawmeUne^ it reduoea gold 
tnd gOt^ ^ cuprie oxide in its alkaHne ^aolntion. Its solution 

- ' nU metaltie salts. It forms the compounds 

lJ^oTimdC“H>«Pb''0« (06lis.) , " 

,CRShlpt4 rsn^ xxTix. d^2) desiguntes by tht) name caramelin a blacks 

brown eorapbund, insolubto m watep, acids and alkalis^ obtained by mixing 1 pt. 

of sugar wkb 15 to 3D pta dichloridc of tin, evaporating to dryness, land heating for a 
few minytes to 120®*— 130® C, ; by similar treatment of glucose, cellulose, dextrin, 

and other hydrates of carbon of similar constitution* VolckeFB caramelime (p. 748) is 
probaVdy the same as Gldlis's caramelin. « 

OAMAXMJL, A resin obtained from the Huracra gummifera. It is sent into the 
market in pieces wrapped in leiiTes ; is grey-black outside, dark brown within ; has a 
shining fracture ; is ^ttle and easily powdered. It melts when heated, emitting an 
aromatic smelL It hsk a bitterish taste. It resembles resin of guaiac in some respects, 
and was at, one time in repute among the Germans for smoking in pipes, as a remedy 
in gout. A distilled oil of caranna was also prescribed for a like purpose. It to now 
disused. 


CAJLAJPA BASUKia The bark of a tree indigenous in Guiana and Hispaniola, 
calle4 Carapa guianenstSt Peraonia g^tareoidesy and Xylocarpiia Oaropo* It has a 
bitter taste, like that of cinchona bark, and is used in intermittent fevers. It is said 
to contain qninic acid, a red colouring matter, and an organic alkaloid called cara- 

S ine, which forms ciystalline salts with hydrochloric and acotie acids. (Petros and 
obi net, J. Pharm. vii, 293, 349.) 

The wood of the same tree, which is beautifully veined, is much prised for furniture. 
In the bark of Carapa ttducana, Cavontou (J. Pharm. xxxv. 189) found one yc^ow 
and two red dyes, and a bitti^r principle, which he calls tulucunin. 

The root-bark of Carapa molaccnsis exudes a whitish powder when wounded ; it is 
bitter and astringent, and is said to be used as a remedy against cholera and biliary 
diseases. 


CABABA OZXi. A bitter fat oil, obtained by pressure in the heat of the snn 
from the kernels of Carapa guianenaia and Cl ttUucana* It is used by the Indians 
for protecting the skin against the punctures of insects. It solidities at -f 4® C. and 
melts at 10®; dissolves sparingly in alcohol, easily in ether; is saponified by alkalis. 
Its bitter taste is said to be due to strychnine, and to be removed by sulphuric acid. 
The fruits yield by further pressure, assisteil by heat, a fat which molts at 40® — 60® CX 
(Cadet, J. Pharm. v. 49. — IlouUlHy, ihid. vii. 293.) 

CABAT. An arbitrsiry weight by which gold and gems are weighed or estimated. 
The diamond carat is equal to 4 grains whereof 012 are contained in the troy ounce ; in 
otJier words, the troy ounce contains 163 diamond carats or 612 diamond-grains. 

In estimating or expressing the fineness of gold, the whole muss is supposed to 
weigh 24 carats of 12 grs. each, either real or meredy proportional, like the assaycris, 
weights; and the pure gold is called fine. Thus, if gold is said to bo 23 carats fine, it 
is to be understood that in a mass weighing 24 carats, the quantity of pure gold is 23 
carats. U. 

OABBABCZO ACIXI. CH*NO* — | Q. — This acid is not known in the 

free state, neither have any of its metallic salts, properly so-called, been obtained. Its 
ammonium-salt, .N*H*CO* *= so-called carbonate 0 / 

ammonium, and its compounds with alcohol-radicles constitute the class of bodies 
called a re thanes: e.g, carbamate of ethyl or ethyl-urethane, 

These bodies might also be regarded empiiically as compounds of carbooie snhvdme 
with the corresponding alcohol-bases: e,g» ethyl urethane as CO* + ^ethyl* 

amine) ; but their formation and projierties do not accord with this lat^ view. 

The nretiianes are produced, togetlier will sal-ammoniac,' by the actioii of ajnmoiita 
gas on the chlorocarbonates of the alcohol-racucles ; 

C*H*.00*a + 2NH* - + C mGH»NO* 

Chlorocar. Bifajl-urelluDe. 

boQAta of 
ethfl. 

3. By the action of anhydrous ammonia on the eorrei^ponding earbonie etham: 

^rjo . ^ CW.H.O. 

Carbonato CatbamMle of Aleohol. 

ethyl. rfhfl. 
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3. Bj the action of chloride of cyanogen on the alcoluda : 

C*H",H.O + OKOl + H»0 « + HCi 

Oarbamic acid in which the whole of the oxygen is replaced by sulphxu; 
sulpliocajrbamic acid, CII®NS* ({?. tr.) 

There is also an oxysulphocarbamic acid, tho ethyl- and amybsalts of*^hich 
have been obtained, viz. xanthamide, S, and xanthamylamide 

those articles; also page 206.) 

Cabbabcatb of Ammonium. Anhydrous Carbonate of Ammonia. N^H'CO^ » 
which was discovered by H. Davy, and further investigated 

by J. Davy and H. Kose, is produced : 1. By passing a mixture of carbonic anhydride 
and ummonia-gos through a number of glass tubes cooled to a low temx>erature. In 
wliatovcr proportion the gases may be inixcKl, they always unite in the pi'oportion of 
2 vol. NIL* to 1 vol. CO'-^i — 2. By subliming a mixture of carbonate of sodium and 
siilphaiuate of ammonium, N'^H^SO^ both perfectly dry. (H. Rose.) 

It is a white mass which smells of ammonia, has a strong alkaline reaction, volatilises 
a little above 60® C,, and condenses again below 60®, Tlie specific gravity of its vapour 
is 0*8992 (H. Kose), 0*90 (Bineau), JNow 2 vols. ammonia + 1 vol. CO®, weigh 
1*1787 + 1*5252 — 2*70?i9, which is nearly three times the observed specific gravity of 
the vapour. lienee tluj two gases appear to unite witliout condensation, although not in 
equal volumes. Ih obably tlie compound exists only in the solid state, and is resolved 
by heat into CO® and 2NH®, 

Vapour of sulphuric anbyebrido converts carbamate of ammonium into sulphamate of 
ammonium with evolution of carbonic anhydride. Heated in sulphurous anhydride, it 
yields an orange-coloured sublimate. Hydrochloric acid decomposes it with aid of 
heat, yielding sal-ammoniac and carbonic anhy<lride. 

Carbamate of ammonium dissolves readily in water, yielding a solution which gives 
the reactions of neutral carbonateof ammoiii inn, from which, indeed, it differs only by tho 
elements of water [N®H"CO®~(N®lD)®C'0^— H-O]. It appears, however to be capable 
of existing in solution for a short time as carbamate ; for on passing carbonic anhy- 
dride into aqueous ammonia, taking core that the liquid docs not become hot, the 
resulting solution does not precipitate chloride of calcium or chloride of barium till 
after some time, unless tlie liquid be heated. This circumstance is of importance in 
cliemioal analysis ; tlms, in determining the amount of carbonic acid in a mineral water 
by means of chloride of calcium and ammonia, it is necessary to leave the liquid to 
stand for some time, or heat it to the boiling point, in order to insure that the whole 
of the carbonic acid is precipitated as carbonate of calcium. (Kolbe.) 

Accowling to H. Rose, ordinaiy carbonate of ammonium prepared by sublimation 
often contains oarbaiuato. (Gm, ii. 430). 

Carbamate of Amyl. C®II’*N0®= CH-(C*II")N0® — (Medlock, 

Ann. Ch. riiarni. Ixxi. 104. — A. Wurtz, J. Pharm. [3] xx. 22). — Obtained by adding 
ammonia to amylic alcohol saturated with chlorocarbonic oxide, and washing the re- 
sulting crystalline mass with water to separate sal-ammoniac ; or by passing gaseous 
chloride of cyanogen into amylic alcohol and distilling, chloride of amyl then passing 
over first, and afterwards the carbamate. 

This compound crystallises from lioiling ivater in beautiful silky needles, soluble in 
alcohol and ether. It melts at 66® C. and dintiLs without alteration at 220®. Dis- 
tilled with caustic baryta, it yields ammonia and amylic alcohol, with a residue of car- 
bonate of barium. It dissolves completely in cold sulphuric acid, and is precipitated 
therefrom by water. Heated with sulphuric acid, it forms amyl-sulphuric acid and 
ammonia, with evolution of carbonic and sulphurous anhydrldea 

Cabbamatb OF Ethyl. Urethane, C»H»NO» - CH*(C»H*)NO*. (Dumas. Ann. Ch. 
Phys. liv. 233.— Cahours, Compt. rend. xxi. 629. — ^Liebig and Wohler, Ann. Cb. 
Pharm. liv. 370. — Gerbardt, Compt. chim. 1846, p. 120. — Wurtz, Compt. rend, 
xxii. 503, J. Pharm. [3] xx. 19) —This compound is prepared: 1. By leaving carbonate 
of ethyl in contact with an equal volume of aqueous ammonia in a corked flask till it 
completely disappears, and evaporating in a dry vacuum. — 2. By treating chlorocar- 
bonato of ethyl with ammonia, and distilling : tho action is very violent — ^Alcohol of 
ordinaiy strength is saturated with gaseous chloride of cyanogen ; the solution is 
heated for some hours in a sealed long-necked flask placed in a water-bath ; and tho 
liquid when cold is decanted from the deposit of sal-ammoniac arising from a secondary 
action, and distilled. Chloride of ethyl then passes over first, then alcohol at 80° C. 
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(p. 74d)» 'which* the tempen>ture rises* and nrethane passes over, condensing in 

^ Carbamate of ethyl forms large transparent colourless crystals : even a few drops of 
its solution left to evaporate are sure to ^rield these orystals. It melts below 100^ C., 
and distils at about 180*^ without alteration if dry j but in the moist state it snffiars 
partial decomposition* giving off torrents of ammonia. It dissolves readily in water, 
forming a solution whi&^oes not precipitate silver-suits ; also in aleoliol and ether. 
It8"vapoui>density, by experiment* u S*14, by calculation (2 vols.) 8'08. 

CABBAicara OF Methyi.. Urtthyjane, C*H*NO**CH^(CH*)NO*. — Obtained like 
the preceding compounds. Crystallises in long tables derived from an oblique rhom- 
boidal prism, with very elongated terminal faces. The crystals are not deliquescent, 
tliey melt between 62® and 66® C., and solidify at 62® when perfectly dry. lloiUng-point 
177® C. Vapoujvdensity, experimental =» 2*62 ; by calculation (2 voi.) w 2*60. It is very 
soluble in water, less in alcohol, and still loss in ether. 100 pts. of water at 11® C, 
ibifsolve 217 pts. of it, whereas 100 pts, alcohol at 16® C. dissolve only 73 pts. Dilute 
Kiilohuric acid decomposes urethy lane into methylic alcohol* acid sulphate of ammonium* 
ami carbonic anhydride : 

Nnvco)"|Q ^ so’i Q, ^ jjjQ ^ cmH.o + h.nh*[°* + 

.Strong sulphuric acid blackens it, eliminating sulphurous anhydride and infiammabla 
}jrasos. Potasli decomposes it in the same mitntier us dilute sulphuric acid. 

Carbamate of Tbtiiyl. C*H**N0* =» CIl*(C*Il*)NO®. — Obtained by heating te* 
trylic alcoholic with liquid chloride of cyanogen, best in a sealed tulw, distilling and 
rollwting that wliich passes over above 220® C. This distillate solidifles on cooling in 
ti orystulline mass, whicli, when rccrystallised from boiling alcohol, forma shiiiina 
iwicpcous scales, unctuous to the touch, insoluble in water, soluble in alcoliol and 
I tlier ; they melt at a gentle heat and distil without alteration. (Humann, Ann, Ch. 
I'hys. [3] xliv. 340.) 


SuhatUution-dcrivatives of Carhamh AcUL 
Kthyl-carbamio Actd# C*II’N0* | O. — This acid* isomeric 

’vitli urethane, is not known in tho free state; bub its ethylammonlum-snlt, 
^ |o, is identical with the so-called anhydrous carbonate of ithytamiw^ 

(C'lPNj^.CO*, obtained by passing carbonic anhydride into anhydrous ethylamino 
cooled by a freezing mixture. It is a snow-white powder, whoso aqueous solution, like 
Hint of carbamate of ammonium, does not immediately precipitalo chloride of barium, 
unless aided by heat. (Wurtz, Ann. Ch. Phys. [3] xxx. 483.) 

FAhy I carbamate of Ethyl, Eikyhinthane, C*Il”NO^ *= C*n*(CTP)NO*.— 
IVodiiced by heating cyanate of ethyl with alcohol in ii sealed luho: C(C®JP)NO + 
C'^H^O » C^lI*‘NO*; sometimes obtained as an accessory product in the urt^paration 
of cyuiiatc of ethyi. It is an oily liquid, smelling like earhoimto of etliyl. 8peciflc 
gravity 0*9862. iBoi ling point 174 — 176® C. Vapour-density 4*071* Potash decom* 
l>r>se8 it, forming alcohol, ethylaminc, and carlwnate of potassium: C^IP’NO* 4* 
‘iKHO C^1I“0 + + K^'CO*. Heated with strong sulphuric acid, it yiel^ 

carbonic anhydride, sulphate of ethylaminc, and |>rubaV)ly also cthylsulphunc aeid. 
(Wurtz, Compt. rend, xxxvii. 182; Oerh. ii. 920; iv. 809.) 

MBTUYI.-CARBAM1C Acii), like the coiresjwnding ethyl-cor^nml, known in 

the separate state, but forms a metliylaniDionium-salt, | which 

may also bo regarded m anhydrous carbonate of methylamine^ (CH|N)®.Cp^ : it is 
formed by passing carbonic anhydride into dry methylamiue, or by distilling a mixture 
of fused hydiochlorate of methylamine and carbonate of calcium. In the Utter ease, 
however, it is mixed with carbonate of methylamine. (Wurtz, Ann. Ch. Phys {Sj 
xxx. 460, 461.) 

Piia T iiv f.- C'^^^^wT n Acm. Carhanilic Acid, Anihranilic Acid, •• 


NH((>H*)(CO)''|q (Pritzsche, Ann. Ch. Phann. xxxix. 83 ; Liebig, iUd, xxxix. 

91 ; Gerland, Chem. Soc. Qu. J. v. 133.) — ^This acid, which contains the elements of 
I at, carbonic anhydride and 1 at. phenylamine, C*H^N, and is likewise isomenc with 
oxyl^nzamic acid, is obtained by 1>oi]ing indigo with strong caustic potash, replacing 
the water as it evaporates, and adding peroxide of manganese bc?fore the iiidimicoin- 
pletely disappears, till the liquid no longer deposits blue indigo on ^^ing left at 
Fest, The is then dissolved in water and supersaturated with dilute Balphniie 
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•cid ; the filtered liquid is neutralised with wtash niiiJmjporat^ to diTness ; nud the 
residue is digested mth alcohol, which dissolyes chiefijr phenyl-carbamate of potasshnn 
and leaves it in an impure state when evaporated. It is then dissolved in water, acetie 
acid added, and the yellow or brownish crystals of phenyl-carbamic add theieW 
precipitated are purified by animal charcoal and recrystallisation (Fritzsche). 
According to Chancel this add is likewise produced by the action of potash on phe&yt 
carbamide. 

Phenyl-carbamic acid crystallises in transparent, colourless, shining prisms or 
laminae, often of cob siderablo size. It dissolves very sparingly in, cold water, much more 
in boiling water, very easily in alcohol and ether. Its solutions have an acid reaction. 
It melts at 132° C., and sublimes unaltered. By distillation from coarsely pounded 
glass, it is resolved into carbonic anhydride and phenjylamine. It carbonises when 
heated wi&i phosphoric anhydride. Strong sulphimc acid converts it into phenyl-sul- 
phamic acid. When nitrous acid ^as is passed into its warm dilate aqueous solution 
nitrogen is evolved, and the solution yields, when concentrated, ciystds of salieylic 
(phenyl-carbonic acid) : 

NH(c.H*)(corjo ^ „ ^(co);;|o, ^ ^ 

Phenjl-earbainic acid. Nitrous PhenyUcMrhonlc 
acid. acid. 

The metallic phenyl-carbamates are but little known. The calcium-saH^ C^H®CaNO* 
forms rhombohcdnal crystals, sparingly soluble in cold, moderately in boiling water. Tlie 
Btlver^salt^ C’II*AgNO% is deposited in shining laminae on mixing a dilute 
solution of the calcium-salt with nitrate of silver. The solution of the ammonium-salt 
likewise precipitates the salts of copper^ leady and zinc. 

Phcnyl-carhamatt'8 (J) of Ethyl and MithyL — Chancel (Compt. rend. xxx. 7fil), hj 
treating the nitrobenzoates of ethyl and methyl with sulphydrate of ammonium, ob- 
tained compound ethers, which ho regards as phenyl-carbamates; but from their 
mode of formation it is more probable that they are ozybenzamates, which are iso- 
meric therewith. (See Oxybenzamio Acid.) 

CABBiUttXlIB, CH<N*0 « N®. (CO)''.H®.H» — This compound is the primai^ 
diamido of cnrimnic acid, and has the same composition as urea, with which indeed it 
is in all probability identical. It is formed in various ways : 

1. By the action of ammonia on oxychloride of carbon, both being perfectly dry 
(Rcgnault, Ann.Ch, Phys. [2] Ixix. 180; Natanson, Ann. Ch.Pharm. xcviii, 287): 

COCl* + 4NH* « CH'NH) -h 2Nn^Cl. 

The mixture of carbamide and sal-ammoniac thus produced is soluble in water and in 
aqueous alcohol; and on adding excess of baiyta-ivater to Ihe solution, evaporating in 
vacuo, exhausting the residue with absolute alcohol, evaporating to dryness, dissolving 
in a small quantity of water, treating the solution with nitric acid, and decomposing 
the resulting nitrate of enrhamide with carbonate of barium, the carbamide is obtained 
in the separate state (Natanson). — 2. By the action of ammonia on carbonate of 
ethyl. When the two substances are heated together in a sealed tube to 180° C., 
carbamate of ethyl is first formed (at 100°), and afterwards converted by the excess 
of ammonia into carbamide : 

^ (C0)"(C>H*)*0*+ NH» = 0. 

- C*H'H.O + N*(CO)*.H‘. 

8. By the action of heat on the isomeric compound, cyanate of ammonium, NH^CNO, 
or oven when a solution of that salt is left to evaporate spontaneously, also when 
cyanate of potassium is mixed with sulphate of ammonium, the mixture left to evapo- 
rate, and the residue exhausted with alcohol. — 4. By decomposing ammonio-cupric 
falminate with sulphydric acid (see FuniONic Acn>). — 6. In the decomposition of ox- 
amide {q, at a red heat. — 6. By the oxidation of uric acid. 

The product obtained by the last four processes is urea; the same substance occurs 
as an animal excretion in the urine, in which indeed it was first discovered, being 
produced by the oxidation of the nitrogenous tissues. Whether the carbami^ pro- 
duced by the action of ammonia on carbonic ether or on oxychloride of carbon is 
identical with this, or only isomeric, is a point perhaps not absolutely decided. Never- 
theless it agrees with urea in its most essential characters, viz. in frrming a sparingly 
soluble ciystalline salt with nitric add, and in being resolved by the action of tb« 
stronger acids into ammonia and carbonic anhydride, as represented by the equation: 
CH^N^ -H H*0 « 2NH* -t CO* 



It b tea* tbot Btipindb * lavatalliiM adt adding nittia add In tli* 

mi ytngft o£ 6 sxtMUiiid 0 Mid Md*<u8ii noni >o i^odiiced by th6 fixst |kiooew ; ptif}usB& in con* 
sequence of the pvesetioe of the 8al*uiunoiiUoa Katauson, bowerer, did obti£ a eiy^ 
teUine nitiate in the manner aboTO described. No decided, difference has, indeed, be^ 
pointed out between carbamide and urea. We shall, Imwever, refer to the articia 
Unna for the preparatioii and prop^iea of the substance usually so called; and 
bare describe a number of subatitution-produots, commonly callea compound itrsaa 

Suhaiiiuiion^products qf Carbamide: Compound Vreae, 

The ^drogen in carbamide may be more or less replaced by organic radicles, arid cw 
basic, line compounds containing 1 at. of an alcohol-i^cle, are obtained ch^fly by tha 
action of ammonia on the cyanates of those radicles, just as carbamide or urea itself ia 
pioduced by the action of ammonia on cyanic acid (cyanate of hydrogen.) 

HCNO ^ NH« - CH^N*0. 

C) anie Carlwmlda. 

Acid. 

C*H».ONO + NH* - CH»(C*H*)N»0. 

Cyanate of Etbyl-carbamide. 

Eithyl. 

Those which contain 2 at. of an alcohol-radicle are produced in like manner by the 
action of an amine-base on the cyanate of an aloohol-r^icle, e.^. ethyl-ally Icarbamide, 
by the action of ethylamine on cvanate of allyl. All these carbamides oontainiiw basio 
radicles form (oyatalline-Balts with nitric acid, and are resolved bv the action of su^hurio 
or hydrochloric acid, or of alkalis, into carbonic anhydride ana an amine base, just a» 
carbamide is resolved under similar circumstances into carbonic anhydride and ammonia* 

The carbamides containing acid radicles are produced by the action of the chJoridea 
of those radicles on urea. They do not form salts with nitric acid. When heated jth^ 
are resolved into cyauuric acid and the corresponding acid amide {vide infray 

a. CarhamideeoT Ur eae containing Acid radiolee^ (Zinin, Ann. Ch. J^barm* 
xcii. 403.^Moldeiihauer, zciv. 100.) 

( (CO)'' 

AoBTT]>oABBAKinB. N*|C’H*0. Crystallises firom boiling alcohol 

in long silky needles, and from boiling water, in stara or tufts of rhomboidal prisms 
Dissolves in 100 pts. of cold and 10 pts. of boiling alcohol; much more soluble in 
%vatcr, insoluble in ether. At 160® C. it yields a slight woolly sublimate ; melts at 
200® (Zinin), at 112® (Moldenhauer), and at a higher temperature is resolved into 
cyanuric acid and acetamide : 

3C*H«N*0* - C»H*N»0* + 3(N.H»C*HH)). 

• • ■ 
It ia not precipitated by nitric acid or by mercuric nitrate. 

Bbkzoti.-oabb A niPB. C*i["N*0* * N*.(CO)''.C’H*0,H*. — Obtained by heatiiijj ■ 
powdered urea with chloride of benzoyl to 160® — 166® 0. As soon as all the urM m 
melted upon the chloride, the mixture must be removed from the bath and brud^f . j^:; 
stirred, whereupon it becomes pasty. The product wash^ with cold^ alcohol yietfli^ 
benamyl-earbamide as a ciystalline powder. It crystallises from boiling alcohol .u|| ^ 
thin riongated rectangular laminae, often united in rtou]m. It is much less Mlubla 
water and in ether than in cold alcohol ; strong boiling nydrochloric^acid dissolves ft 
better thAp pure water. Heated on platinum-foil it melts, emitting the odour of 

2 'anide of phenyl (benzonitrile), afterwards that of cyanic acid, and finally volatilise# 
together. Heated to 200® C. in a tube, it melts to a colourless liquid, wMch at a 
higher temperature, is resolved into cyanuric acid and benzamide.^ Ammonia Bss no 
action on b^^yl-carbamide. Potaan dissolves it readily, and ac^ separate it ftom 
the Bolutioii. The alkaline solution, when boiled, gives off ammoiiis, and Ibrms oarbo* 
Bate and benzoate of the slkali-mctid. 

Butybtbkjabb AMIDB, 0•H“N*0»-N*.(C0)^C«H»0.H•.—C^3rstalHses readily fifom 

water in small scales, ftom alcohol in thin mongated rhombic lam inn. ^It is tasteless 
and inodorous. Melts at 176® C. to s yellowish liquid uiiich solidifies in a eiystalline 
niass on cooling. A high temperature decomposes it like aoe^l-nroo. Its aqueou# 
Solution is not precipitated by nitric acid, oxalic acid, or mercuric nitrate. 

VAi.akTt.OA>BAitiDi^ - NVCO)".C‘HK).H*, ci:r*^i«»from boUli^ 

water ia noudl ii*eteoa*cn*t*lflhaiietiioa* to th* touch; from almbM maewM •*■** 

Beady iDM>laU* in cold watar, matta at 01®O. and wh*B oaieiUly heated yWd* * anb. 
-teat* of laag* iridaa^t acalM 
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ALLYi-OAMi.mDB, C*H**N*0 «a N*.(CO)''.C*H*.H*. (GahouTfiandHol^anii, 
Phil Trans, 1855, p. 555.) — Obtained by ihe action of ammonia on cyanate of aijvl, 
(C*B[*,CNO + NH* SB C*H*N*0.) Ci^stallises easily by eyaporation both fix)m yrJt& 
and Itom aloohoL Jts comflKmtion is tnat of thiosinamine in which the snlphor is re* 
placed by oxygen. 

AtLTi:.*siixpHOCAiiBAMiDB, N-.(CS)".C*H*.H*, also called thiosinamine, isprodnced 
by the action of ammonia on oil of mustard. Ethyl-, plienyl-, and naphthyl-derivatiTes 
of it are produced by treating oil of mustard with ethylamine, phcnylamine and naph- 
tbylamine. 

l>iAixTX.-OABBAHii>a. Sinapolme, C’H**N*0 *= N®.(CO)".(C*H*)*.H*. — Produced : 

1. By the action of oxide of lead and water on sulphocyanate of allyl (oil of mustard); 

2((PH*.CNS) + 3Pb*0 + H*0 » C’H»»N*0 + Pb*CO» + 2Pb*a 

2. By heating <^anate of allyl with water or with aqueous potash : 

2(C«H» ONO) + H*0 « + CO* 

If potash is used, care must be taken that the action does not go too far ; otherwise 
nothing but amine-bases will be formed (Cahours and Hofmann, loc. cit,) For the 
properties and reactions of this compound, see SiNAPoniNB. 

Amyl-oabbamidb. C*H*W0 = N*(CO)^C*H".H«. (A. Wurtz, Compt. reni 
xxxii. 417). — ^Produced by the action of ammonia on cyanate of amyl. It is decomposed 
by potash into amylamine and carbonate of potassium. It forms a crystalline nitrate. 

Bbnztl-oabbamidb. ToluyUurea, C*H*®N*0 *= — This sub- 

stance, or more probably on isomer thereof, is produced by the action of sulphydrate of 
ammonium on nitrotoluamide. (No ad, Phil. Mag. [4] vh. 142. (See Toi.uahide.) 

ETHYI.-C ABB AMIDE, C*H*N®0 =N*.(CO)".C*H®.H®. (Wurtz, Compt. rend, xxxii. 
414.) — ^Produced by the action of ammonia on cyanate of ethyl. Dissolves readily in 
water and alcohol, and ciystallises from alcoliol in large prisms which decompose ut 
200® C., with evolution of ammonia and other products. The aqueous solution is decom- 
posed by chlorine, forming a heavy liquid which crystallises gradually. Nitric acid 
does not form a precipitate in the aqueous solution, but cryst^ of nitrate of ethyl- 
carbamide are obtained on evaporation. 

DiBTHTL-cAitBAMiDB, C^n**N*0 « N* (COy'.(C*H*)* H*.~Produced, like the allyl- 
compound, by the action of water on cyanate of ethyl ; also by the action of ethylamine 
on cyanate of ethyl ; C*H*.CNO + C*H’N =» C*H'*N*0. The nitrate forms very acid 
deliquescent rhombic prisms containing C*II*®N*O.HNO*. (Wurtz.) 

ErHTi..AixTi.-cABBAMiDE, C«H>*N*0 - N* (CO)".C*mC*H» H* (Cahours and 
Hofmann, loc, cit.) — ^By the action of ethylamine on cyanide of ally]. Crystallises in 
beautiful prisms. 

Similar compounds are formed by the action of methjlamine, amylamine, and 
phony lamine on cyanate of allyl. 

ETinn.-AixTi:.-aui.rHocARitAiiiDB, N*(CS)'',C!*H*.C*H*.H*. Syn. of Eth yl t w osika- 
lONB. (See Tkiosinamiiib.) 

Ethyd-amyl-carbamidb, C*H’®N®0 =* N*(C0)''.C*H*.C®H* MI*. —Action of amy- 
lamine on (yanate of ethyl. (Wurtz.) 

Mxthtl-cabbahidb, C^H*N*0 «= N*.(CO)''.CH*H*. (Wurtz, Zoo. cit) — Ob- 
tained by the action of ammonia on cyanate of methyl ; also by evaporating a mixture 
of sulphate of methylamine and cyanate of potassium and extracting the residue with 
alcohol. Crystallises in long transparent deliquescent prisms. The aqueous sdatioa 
is neutral to test-paper, and if somewhat concentrated yields with nitric acid a preci- 
pitate of C*H®N'O.HNO*. 

Dimbthyd-carbamidb, C*H*N*O^N*(CO)".(CH*)* H*. (Wurtz. loc. eit) — ^Xsomeric 
with ethyl-carbamide. Produced by the action of water, or of methylamine on cyanate 
of methyL Ciystallisea easily ; melts at 97® C. ; is permanent in the air ; vola- 
tilises without alteration; dissolves readily in water and alcohol; oombinea with 
nitric acid, forming the salt C*H*N*O.HNO*. 

MBTHTn-wTHYx-GABBAMiDB C*H«N*0 N*.(CO) ".CH*.C*H‘.H*.— Verydeliqueecent 

itthstance, obtained by the action of methylamine on cyanate of ethyL (Wurtz.) 

Naphthyx-cabbamidb, C* H *N*0-N*(C0").C»W.H* (H.Schiff,Cheiii.Gaa. 
1857i pu 211.)— Obtained by saturating a solution of napb thy lamine in anly^hooi 
ether with cyanic acid gas, and reciystaUising iiom hot alcsohoL Flat, shinuig, flexible 
needles, nearly insolulfle in water, more soluble in alcxdiol, easily soluble in e^er : ^e 
latter solution yields a crystalline precipitate with oxalie acid. Ka|^tlyl-earhaiiiade 
yields by spontaneous decomposition, a resinous aubatanoe, whose almhoUe aohidim is 
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Berved to be Brodueed on teet-^per by n tincture of miidaer (SnceX ftbdiiytittmo* 
nephthelin (Cnurob end Perkin, JahieBber. f. Ghein. 18d6, p. 609]^ - ' V ^ ' 

NAPHTHTi.-AixTL«^-PHoceBBAini)B. N^CS*).C‘•H^Ctt^H^--Syn. of i 

TniosofAinitB. (See Tkxomnjlmm.) ^ 

• PHBNYirCxnBAMiDB, C'H^*0 - N*.(COr.(?H*.H* Phm^uiTii, AnilinB^UTM^ 
Cfarbawlomidet Carbamide-oarbanUide. (A. W. Hofmann, Ann. Ch. Phonn. liii. 67 ; 
Ivii. 265; Ixx. 130; Ixxir. 14; Gm. xL 503.)— This compound is obtained: I, By 
passing cyanic acid vapour into anhydrous phenylaniine, kept os cool aa possible ; die* 
ecMng the resulting crystalline mass in hot water; filtering to separate diphenyl* 
carbamide (which is produced more abundantly in proportion as the phonylanuno has 
been more heated) ; and cooling the filtrate to the cjystallisiiig point — 2. By 
treating sulphate or hjdrochlorate of phenylamine with aqueous cyanate of potassiuiv^ 
and separating the resulting phenyl-carbamide (cyanate of phe)i3']amine) W diges- 
tion in aloohoT. — 3. By muung phenylamine with an aqueous solution of chloride of 
cyanogen (obtained by passing cnlorine gas through aqueous hydrocyanic acid), puri- 
fying the resulting crystals with animal charcoal, and rec^stallising ibom hot water. 

4. Cyanate of phenyl mixed with ammonia, immediately solidifies in the form of 

phenyliarbamide, CH^.CNO + NH» - 0»H«N*0. 

Phenyl-carbamide forms fusible needles and laminee, sparingly soluble in cold, easily 
in boiling toaier, easily also in alcohol and ether. It dissolres in nitric acid^ but scarcely 
to a greater amount than in water, and crystallises therefrom unaltered, difiTering in 
this respect from carbamide. It dissolves also without alteration in cedd sn^pAurfS 
acid^ but when heated therewith, it is resolved into carbonic anhydride,! phenyl-sulph* 
amic add, and add sulphate of ammonium ; 

CHWO + 2H*S0 ‘ - CO* + N.H.C‘H»(SO‘)”|q ^ l!rH».H.SO\ 

Heated above its melting-point, it is resolved into ammonia, diphenyl-carbamide^ and 
cyanuric acid : 

6[N*.(CO)".C*H*J0P] - 3NH* + 8pT«.(CO)',<C*H*)*H^ + N».H'.(Ci?))* 

Fhenjrl-earbAmida Diphenyl-carbamlde* Cyanuric acid. 

By boiling with strong potaoh^ley, or more quickly by flision with hydrate of ^tauiun^ 
it yidds ammonia, phenylamine, and carbonate of potassium : 

C»H«N*0 + 2KHO - NH» 4 - C*H»H B:*C0*. 


It is not decomposed by boiling with dilute adds or alkabs. 

The name phcnyUurea has hitherto been generally applied to the isomerie compound, 
which Chancel obtained hj the action of siuphydrate or ammonium on nitrobenzamide 
(Gerh. TraitA, i. 427). This compound is a powerful base ; but it does not agree with 
the ureas, either in its mode of formation, or in its reaction with alkalis. It should 
rathdir be regarded as osybeneodiamide (g* r.) the primaiy diamido of oxybenzoie add 
(C7H*0*). Its formation may be represented by tne equation : 


jC«^N0*)0 ^ 3H»S - N* + 2H*0 + 8*. 


Hltrobensamids. 


Oxybenso- 

dlsmlde. 


When freated with potash, it yields ammonia, and an acid which is probably oxvbsnp 
zoic acid. The reaction consists of two sti^gea, ammonia and oxybenzamie acid Vdii^ 
fintned in the firsts and oaybenzoic add in the second : 

Oxybensamie 


j(c*H^)- ^ H*o - NH* + 

' Oxybmso- Oxybensamlc 

dlaml^* scld. 

+ hK» - KH» + 


KH*. 

' Ozybeni 


OxytMUEole 


The true ifiienyl-Tirea is the compound above dModbed as phenyl-carbamide. 

ErgTT ^itM I ttWAimW y C*H^*N*0 w N*.(CO is obtained hy dif* 
solving pfaenylamine in cyanate of ethyL Great heat is evolved nnd the muEtore 
on coding edidifies to a exyctalline mass. It is slowly decomposed by potasd 7^^' 
ing ^iheDjJainine^ ethyiaminfl^ and carbonic anhydride* (Wvrts^ Compt. rmid* Aa s ii* 


a yywr ty Sit 5sj!& arlfl Bej. Sec. *. «0t>, wbere however tka acid fomeA fe said to 
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NiTjBonanm>KUBiu^ - N*.(CO)''.C^^NO*)JB?. ~ Product w 

43i6r with ilinitromelaiii^ by the action of gaseous chloride of cyanogen on nitro- 
phenylsmine dissoly^ in ether^ (Hofmann, Ann. Ch. Pharm. Ixvii. 166 ; !■«* . 137,^ 

D iyanNYi i-CLABBAinDB. JHphen^Uurea, CarbanHide, Carbophenylamide, WO » 
N*.(CO)''.(C*H*)®.H* (^Hofmann, Ann. Ch. Pharm. Irii. 266; Cin. xL 349).-.p^ 
dnced: 1. By the action of cyanate of phenyl on phenylamine, or on water: 

2[N.(CO)''.C*H*] + H*0 - CO* + N*.(CO)".(C*H*)*.H» 

2. By the action of phenylamine on oxychloride of carbon. — 3. In the decomposition 
of diphenyl-sulphocarbamide by potash. — 4. By the dry distillation of phenybcar- 
bamiae, melanoximide, or oxalate of melaniline. (See those compounds.) 

Biphenybcarbamide forms white silky needles, which melt at 206^0. and distil 
without decomposition. It is odourless at ordinary temperatures, but has a suffocatiiig 
odour when heated. It dissolves sparingly in watery abundantly in alcokul and ttk^ 

When quickly heated in the moist state, it yields carbonate of phenylamine, together 
with other products. With strong itdphuric acid, it gives off carbonic anhydride, and 
forma water and phenylsulphamic acid: 

{O’J ” (C0)'.0 + H‘0 + 

By boiling with fotach, it is resolved into pbenylamine and carbonate of potassinin. 

Diphenyl-carbamide is isomeric with flavine, an organic base produced by the action 
of reducing agents on dinitrobenzophenone. This base is indeed sometimes regarded 
as diphenyl-urea (Cerh. i. 430); but it does not exhibit the characters of a urea. 
(See l?i.itYiNB.) 

^ Phbntlstjlphooahbamide, C'H*N*S-»N*(CS)''.OH*.H*. (Hofmann,Proceed- 
ing^ of the Hoyal Society, ix. 276.)-— Produced by the action of alcoholic ammonia on sul- 
phoi^anate of phenyl : 

C*H» CNS + NH> - CWN*S. 

The mixture, on being ^ntly wpmed, quickly solidifies into a crystalline compound, 
which may be obtained in beautiful needles by crystallisation f^m boiling water. 

Phenylsulphocarbamide is a weak base, and forms a chloroplatinate containing 
C*H^*S,HW.PtCl*. It also combines with nitrate of silver. By boiling with nitrate 
cf silver, it is converted into phenyl-carbamide. 

PHBNTL-AL1.YX.-SULPH0CARBAKIDB. N*.(CS)^C•H^C*H^H*, — Syn. with Phbntl- 
THiosiMAKiMB. (See Thiosinahine.) 

Diphbnyl-sulphooaiibamidb. Sulphocarhanilide, BulphophenyUurea. C'*H»WS * 
N*(CS)".(C*H*)* H*. (Hofmann, Ann. Ch. Pharm. Ivii. 266 ; Ixx. 144 ; Gm. xi. 360. 
Purther, Proc. Koy. Soc.x. 274.— Laurent and Delbos, J. Pharm. [8] x. 309.— 
Laurent and Gerhardt, Ann. Ch.Pbys. [3] xxii. 103 ; xxiv. 196.)— This compound 
is obtained : 1. By the action of sulphide of carbon on phenylamine, the acti on being 
accelerated by addition of alcohol (Hofmann): 

2C«H’N -h CS» » C»H'*N*S + H*S. 

^2, By heating a mixture of phenylamine, aulphocyanate of potassium, and ralphurio 
acid, ^the diphenyl-sulphocarbamide then distillingover, while sulphate of ammonium 
remains behijid (Laurent and Gerhardt). — 3. JBy mixing phenylamine with enlpho* 
cyanate of phenyl: CW.CNS -1- C'H^N = C**H>*jf S. (Hofmann.) 

Diphenyl-sulphocarbamide separates from the mixture of phenylamine and sulphide 
of e^bon, in c^stalline scales or rhombic tables ; from alcohol, m brilliant iridescent 
laminie. It dissolves sparingly in water, easily in alcohol It has a peculiar odour, 
especially when heated, and a bitter taste exceeding in intensity that of any o^er 
known substance. It melto at 140° C,, and distils without decompositiom Heated 
with strong su^Aurtc atnd, it forms phenyl-sulphamic acid, gi vin g off carbonic anhydride 
and sulpbydric acid (Hofm an n) : 

C»H**N*S + 2H*SO^ - CO* + H*S + 2 ^N.H.C^*(SO*)"|o J 

JfypAo^Aonc ofiAydride, chloride of cine, or ^drochhrie acid gas, it is nsolved 
ph^ylamine and sulpbocyanate of phenyl (Hofmann). Fused with poia^ it 
yfelds phenylamine, together with sulphydrate and carbonate of potassium: 

C«H>^^ + 3KHO - 2C*H»N + K*CO* + irwa 
Whmi boiled with alcoholic potash, it is converted into dipbrniyl-carbamide • 

C“H**N*8 + K*0 1 K*S + C**H»HHX 



Koululr when &• abidic^ in hoOed wSHi nmtmit oteii*. » b db«n. 

poeed by dilote aeids OT alkalxi. 

BtFBBTL-CABBi.MiaB. C^H'^N'O-IWCO)* 6»H*.BP 

(Cahours. Ann. Ch. Phya. [Z] xxxviii. 76.)— Obtained by boiling aiUphate of pipew 
ridine with cyanate of potasainm, evaporating to diyneea, and exhausting with 
alcohol It ajpeara also to be formed when vapour of cyanic acid or moist ehloride^ 
cyanogen is passed into piperidine. The alcoholic solution yields it^ by spontaneous 
evaporation, in long white needles. 

jfc/^4-p^«w^-cor6o»t#de, C*H“(CH*)N*0, and JBthyt^mperjfUoarbamidet 
C^H"(C*Ii*)N*0, are produced by the action of piperidine on the cyanates of methyl 
and e&yL 

CAUAinXN Syn. of Ctanatb ot Phbmtl, (See Ctamxd Etobbo.} 
CAIUUkBrxatfBBn ByB. of DiPHaNTL-caiuiAifiDB (p. 766). 

CAUBAJrtuo AOJCD. Syn. of PHSNYL-oABBijno Acid (p. 761). 

C it miiil W llfcll'X'HAlSM and O AltMA 'lffMSIgygWlbBJra« PxBNTLQAB- 

IU.UATKS OF Ethyl and Mbthyl (p. 762). 

CABBAKOTII. The name given by Thau low (J. pr. Chem. 220} to the 
gas evolved by ignition of cyanide of eilveri which he regards as isomeric biit not 
identical with cyanogen. It. has a peculiar odour, and strongly irritates the eyes and 
respiratory organs. Specific gravity 1*73. Liquefies at — 4®C. Bums with red 
fiame. It dissolves in potash, and the solution when neutralised with nitrio acid does 
not precipitate iron-salts. (Thaulow.) 

OAX8AZOTZO ACllS. Syn. with PrcBio Aon>. 

CAJiaznaSp or Carburets. Compounds of carbon with xnetslf. These eom* 
pounds have not l^en mu^ studied: none of them occur as natural minerals, and H 
IS difficult to obtain them in definite form. The nsuid effect of the union of OMbpVL 
with a metal, is to render it hard and brittle. (See the several metals.) 

OAmBOSnrUBa. Syn. with BmrzoifB. 

CAmaOBWrSOXO AOXXI. See CiKNAMBiN (p. 081). 
CARSO«KTX>]|OCISlfS« See HtnBOOABBoira 
CAWBOMO AOXXI* Syn. with Phenio Acid. 

CAASOir. Symbol C. Atomic weight 12. — Carbon is one of the most abundant 
of the elements, existing both in the free state and in an endless variety of combina- 
tions. It is fonnd pure in the diamond; nearly pure in graphite or ^umbago, less 
pure as anthracite. It occurs also abundantly in the form of carbonates, especially 
carbonate of calcium, and is an essential constituent of organic bodies, which 
it may be separated in the form of charcoal, by distilling off the more volatile elements, 
hydrogen, oxygen, nitrogen, Ac. 

Carbon in the state is a solid body, destitute of taste and odour, infhsible and 
non-volatile, excepting at the temperature produced by a powerful electric current. The 
seveml modifications exhibit great diversities of colour, lustre, transparency, hsj^esi^ 
density, and power of conducting heat and electricity. It exhibits ciystalliiie forms 
belon^ng to two different systems, the regular and the hexagonal, and scvdcal anu»r> 
phous modifications. 

1. Xfiamond. This valuable gem consists of pure or nearly pure carbon. It ii 
Jbu“d in alluyial soils produced by the disintegration of ancient rocks, the prinmpal 
localities being in India, Borneo, Braxil, and the Urals. Diamonds occur thimy 
scattered through large quantities of soil, and very carefol washing and examination 
are required to separate tnem, ♦ 

The diamond ^stallises in forms beloi^ng to the regular i^stem, namely, the oe» 
tahedron, which is usually the predominating form, though it rarely occurs aloDe ; also 
the cube, the rhombordal dode^edxon, whi^ is very frequent ; the triakis-octahedroiH 
a figure of 24 face% formed by the superposition of a low triangular pyramid on 
«a<^ face of octahedron ; and the hexakis-octahedron, a 48-sided figure formed 
in like manner, Ijj a 6-faoed acumination of the octahedron* Intermediate forms are ‘ 
auio of frequent oocorrenee, the secondary frees being sometimes so numerous as to 
give the crystal the appearance of having convex faces. Sometimes the frees are rea% 
curvedt Bndoonaequefntly intersect in curved edges : the dodecahedron and oetahedroii 
^^^CBtly occoc wiUi convex frees. Hemihedrm forms and twin-crystals are also frniidb 
(rwfiffoiet, see the article CBTSTALLOOBArHT.) 

^ aumonds eteave easily in directions parallel to other fkces of the raralar atU^ 
"Won, which ie thccetee tbo primary form. The fraetnre is coBehot g eL Tht 
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CABBON* 

ipedite gM?rllgr of th« diamond is 3*5295 aceorduig to ^omocni ; 3*55 acoovdiag ^ 
^ouae* :J[t u the hardest substance known, being capable of soratching all othera 
with cazred edges are also capable of catting glass, and are maeh osed 
for that purpose, the earved edges penetrating theglass like a wed^ ; those with straight 
edM memy scratch. 

The porest diamonds are colonrless and transparent ; butmany exhibit Tarioos shades 
of yellow, red, green, brown, and black ; these coloored diamonds leaye, when burnt, 
from 0*65 to 0*2 per cent, of ash : eoloorless diamonds leave but a trace. The diamond 
has a strong lustre (called adamantine), and high rei^tiye and dispersive power : 
hence its peculiar brilliancy. The lustre of the natural diamond is greatly increa^ 
by cutting it in a peculiar manner, so as to give it numerous facets capable of redectijie 
and <]^persing lignt in various directions. This is effected by pressing the diamond 
against a revolving metal disc covered with a mixture of diamond dust and oil, no 
other substance being hard enough to abrade the diamond. The dust for this purpose 
is obtained either by collecting that which falls away in the process of cnttmg and 
polishing, or by pounding up diamonds which have not sufficient transparent^ to be 
valuable as gems. Diamonds are sometimes found in opaque spheroidal lamps, desti- 
tute of crystalline structure and transparency, and useless excepting in the form of 
powder. 

The diamond conducts electricity but slowly. Like all other forms of carbon, it 
neither melts nor volatilises at the neat of the mostpoweifhl furnace ; but when placed 
between the charcoal cones of a powerful voltaic battery, it becomes white-hot, swells 
up, splits into fragments, and after cooling, presents the aspect of coke prepared fiom 
bituminous coal. When very strongly heated in the air or in oxygen gas, it takes fflre 
and bums completely awaj, forming carbonic anhydride. This fact of the combusti- 
bility of the diamond, which had been conjectured by Newton from its great refracting 
power, was first demonstrated in 1694, by the Florentine academicians, who succeeded 
in burning it in the focus of a concave mirror. Lavoisier and Guyton-Morveau, and 
afterwards Davy, showed that the sole product of the combustion in oxygen is carbonic 
anhydride, and therefore that the diamond is pure carbon. 

2. Cr rap kite, — This name is applied to several varieties of native carbon containing 
f^om 95 to nearly 100 per cent, of that element, some crystalline, others amorphou.4, 
but all perfectly opac^ue, having an iron-black or steel-grey colour, and metallic lustre, 
producing a black shining streak on paper ; sectile ; of specific gravity 1*209, hardness 
between 1 and 2, and conducting electricity nearly as well as the metals. Graphite 
was formerly regarded as a carbide of iron, but the iron is now known to be merely in 
a state of mixture, as also small quantities of silica and alumina. 

a. Crystallised or Foliated Graphite. — This variety is found occasionally in small 
six-sided tables belonging to the hexagonal system, cleaving perfectly in the direction 
of the base, and having tlie basal planes striated parallel to the alternate sides. More 
commonly, however, it occurs in foliated or gramilar masses. It is found imbedded in 
quartz near Travancore in Ceylon, and near Moreton Bay in Australia ; with olivine 
and sphene at Ticondcroga in the State of New York, and in gneiss at Stourbridge, 
Mossachussets, where it presents a structure betw»»en scaly and fine granular, and an 
occasional approximation to distinct crystallisations (Dana, ii. 27). It is also obtmned 
artificially by melting cast-iron containing a large proportion of carbon and leaving it 
to cool slowly. It is tough and difficult to pulverise by mechanical means, but it may 
be reduced to the state of very thin laminse by prolonged trituration with water. 

fi. Amorphous Graphite. — This variety, also called plumbago or black lead, is found 
in Borrow^o, Cumberland, where it occurs in nests of trap in the cl^-slat^ and is 
largely io^rted into this country from Germany, principally from Gxiesbaefa near 
Passau. The Borrowdale mine was formerly veiy rich, but now appem to be neariy 
exhausted (see Urds DictioTkary of Arts. Manufactures and Mines, iii. 467). Amor- 
phous graphite is softer than the crystalline variety, and makes a much blacker streak 
on paper : it is therefore better adapted for the making of pencils. Some kinds of 
amorphous graphite, orourring in the coal measures, have very much the appearance 
of anthracite : such is the case with the graphite of New Brunswick. 

Graphite resembles the other modiflea^ons of carbon in being unalterable when 
heated in close vessels, excepting at the temperature of the electric current, and in yield- 
ing carbonic anhydride when brat in contact with oxygen. But it differs essentially 
from all other forms of carbon when subjected to the action of certain oxidising agent^ 
such as a mixtare of chlorate or acid chromate of potassium with sulphuric or nitric 
abid, or a nrature of nitric and sulphuric adds. In this case Br odi e mui shown (Ann. 
Ch. Phys. [3] xlvi. 351 ; fbrther, Phil Trans. 1860, i ; Ann. Oh. Phazm. cxiv. 7) that 
it is eonvertra into a petmliar add, called graphitie aeid, which is best obtained by 
heattng pulverised graphite with chlorate of potassium and nitric add, as lo^ 
yeUow vapours are pvea ofl^ then washing it wifri a large quantity of water, drying it 
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the graj^te is nltunstely donrerted into thin transpavent oiyatals of giapldt^' tfet<L 
Biodie, however; iMards this add as snalogoos in eomposi^ to the a^ 
Si*H*0*, whichWohier obtained^by the action ofopdising agents on grap^feolldalsilicoh ; 
and accordingly he supposes that the atomic weight of {prt»hite is dinferont from that 
of the other forms of carbon, and equal to 38, wliich he denotes by the iQnnhol Off 
(graphon); substitatilig this value in the preceding formula of graphitic acid, it be* 
comes Gr*H*0*. (See Atoiho Wbight op CAnnoN. p. 757 ; dso Oraphitio Aoin.) 

Graphite cannot be converted into graphitic acid by a single treatment with 03ciaia« 
ing agents, however long continued; but by subjecting it to this treatment fbr a eei>« 
tHiu time, then washing it with water and i^iting, it may be purifiod and obtained in 
a state of very minute division. A good way of proceeding is to mix coarsely 
pounded graphite with ^ of its weight of chlorate of potassium, add the mixture to a 
quantity of strong sulphuric acid equal to twice the weight of the graphite, heat the 
whole in the water-bath as long as yellow vapours of chloric oxide are evolved, wash 
the cooled mass with water, then dry and ignite it ; it then swells up and leaves finely 
divided graphite. If the graphite to be purified contains siHceous matters, a little 
fiuoride of sodium should bo added to the mixture before heating. 

Graphite is used fbr making pencils, for polishing stoves, and other articles, for 
diminishing the friction of machinery, for making crucibles, and in the electrotype 
process for coating the surfaces of wo^ and other non-conducting materials, so as to 
render them conductive. 

3. Anthracite or stone-coal is an amorphous variety of cari>on containing about 90 
tier cent, of that element associated with hydrogen, oxygen, nitrogen, and ash. It is 
intermcnliate in composition and properties between graphite and bituminous ooal, 
licing blacker than graphite, and having a higher lustre than ordinaxy coal. Specifio 
gravity 1*3 to 1'7. Hardness « 2 to 2*1. It burns with difficulty, requiring a stroi^ 
draught to keep it in a state of active combustion : hence it is fit only for burning in 
close stoves and fbmaces ; it docs not cake together like bituminous coaL Anthracite 
occurs abundantly in South Wales, in the departments of Mayenne and la^re in 
France ; also in Pennsylvania and Rhode Islan A 

4. Carbon obtained from Organic Substances bg Dry T>istillation or 
Jmper feet Combustion, — When animal or vegetable substances are strongly heated 
in close vessels, the more volatile elements, viz. the oxygen, hydrogen, and nitrogen, 
with part of the carbon, are driven off in the form of gaseous products, some of which 
afterwards condense in the liquid form, while a consioerable portion of the carbon re- 
mains behind in the form of a black mass, called charcoal, of greater or less compactnesi^ 
atxTording to the nature of the original substance. If the substance thus treated — wood 
or coal, for example — contains any inorganic materials, such as potash, soda, Hme, Ao.« 
these remain behind with the ch^coaL The purest kind of charc<^ is that obtained 
by heating sugar, starch, or some other organic substance, free from inorganic elements, 
in a close vessel. There then remains a black, brilliant, porous charcoal,^ Vrhich is 
nearly pure carbon, but contains a small quantity of hydrogen and oxygen, which cannot 
be driven off even by the moat intense and long-continued heat 

a. Wood- Charcoal, consists of carbon, hydrogra, and oxygen, the two lattev 
being in the proportion to form water. When heated in the open air, it bums oom** 
pletely away, with the exception of a small quantity of white ash ; but if the supply 
of air is limited, only the more volatile ingredients burn away, and the greater part of 
the carbon remains behinA This is the principle of the process of OMreoal-buming 
as it is practised in countries where wo<^ is abundant, on the Hane mountains la 
(iermany, for instance. A number of billets of wood are built up verticaiUy in two or 
three rows into a large conical heap, which is covered over with turf or moistened 
eharcoal-ash, boles being left at the bottom for the air to get in. A hollow space is 
also left in the middle of the heap, to servo as a flue for the gaseous matto^ which 
are evolved. The heap is set on fire by throwing burning pieces of wood into the 
central opening, near the top of which, however, a kind of grate, made of billets of 
wood, is placeA to prevent the burning fuel from falling at once to the bottom. The 
combustion then proceeds gradually from the top to the bottom, and from the centre 
to the outside of tW heap ; and as the central potions bum away, fresh wood is con- 
tinually thrown in at the top, so as to keep the heap quite fulL The appearance ol 
the smoke shows how the combustion is proceeding ; when it Is going on properly, the 
Hmoke is thick and white ; if it becomes thin, and cpspecially if a biw flame appesrg, 
it is a sign that. Uie wood is burning away too fast^ and the oombustion must then be 
checked pArtially stopping up the holes at the bottom, or ^b^r heaping fresh ashes on 
the top and stde% and* pressing them down well so as to diminish draught. As 
soon as the eombustton u^comf&t^ the heap is completely covered with turf or sidieS, 
and left to cool tor two or thiee days. It is then t^en to pieces, and ths pornona 
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fie by tbxom^ng yntw or sand a^h thsiii. Tbs quantify of dianovi 
tbtis dbftidiied Tsries with the manner in which the combustion is conduct^ lOOpaits 
pf yrood on the aTeiage from 61 to 65 parts by measure, or 24 parts by w^t 
of WTOoal. -^When the burning is Tory carenilly conducted, the quantity miy anuwnt 
to 70 per cent, bv measure. ^ 

in t^land a large quantity of charcoal is obtained in tiie ary distillation of wood 
fine the prepmtion of acetic acid. For this purpose the wood is heated to recess in 
cast-iroir cylinders^ whereupon a number of volatile products are given off, indudinff a 
' largaqiiantit^ of tiuny matter, an infiammable spirit called wood-spirit dr wood-naphl£a, 
and acetic acid ; and in the retorts there remains a quantity of charcoal. 

For the manufacture of gunpowder, charcoal is" sometimes prepared by sulgectmg 
wood in iron cylinders to the action of over-heated steam, (violette^ Ann. Ch, 
Phys. [3] xxiii. 475.) 

Wocm-charcoal is more or less compact, according to the hind of wood from whidi it 
is formed. The lighter woods, such as willow, yield a very porous charcoal, having 
comparatively little power of conducting heat and dectricily; box-wood, cm the 
contrary, yields a Y&ry compact charco^ which is a good conductor of heat and 
electrici^, and is admirably adapted for exhibiting the voltaic light. The density 
and conducting power of charcoal are greatly increased by exposing it in close vessels 
to a veiy high temperature. Charcoal retains the form, and to a considerable extent 
the external structure of the wood, so that a horizontal section exhibits distinctly the 
concentric rings and the traces of the medullary rays. When burned it leaves from 
1 to 5 per cent, of ash. According to Berthier, 1000 parts of lime-wood leave 50 parts 
of ash ; of oak, 25 ; birch 10 ; fir 8 ; hornbeam 26 ; beech 30. 

b. Coke, — Ordinary bituminous coal, which consists of the remains of ancient forests 
and peat-mosses, and appears to have been formed from wood by a process of slow 
decay going on without access of air, differs from wood in containing a larger proportion 
of carbon, and loss oxygen and hydrogen ; it also contains nitrogen derived from the 
tissue of the plants. This substance, when heated in the open air, bums away like 
wood, leaving nothing but a white ash ; but, when strongly heated in cast-iron cylin- 
ders, it undergoes a decomposition like that which takes place in wood under similar 
circumstances, a laige quantity of volatile products being given off, viz. carburetted 
hydrogen gas (the gas used for illumination) and a tarry liquid containing ammonia 
and a variety of other products ; while a block, dull-looking, porous moss, called coke^ 
is left in the retorts. This substance also consists mainly of carbon, mixed, however, 
with a quantity of inorganic constituents, greater than that which occurs in wood-char- 
eoal, so that it leaves a larger amount of ash when burned. The aspect of coke varies 
greatly according to the kind of coal from which it is obtained. Bituminous coals, 
such as the Newcastle coal, undergo a kind of semi-fusion before they decompose, and 
yield a very porous coke, having a brilliant metallic aspect ; anthracite, on the contrary 
undergoes but little alteration by heating, and yields a coke having very much of the 
form and aspect of the original mass. Coke is used in the iron districts of South 
Wales and Staffordshire, for reducing the metal from the ore. It is there prepared 
from the cool which occurs in the same districts, by partially burning that substemee 
in longitudinal heaps, more or less covered up with the ashes of former fires, the olnect 
being to produce a smothered combustion, similar to that already described as used for 
the preparation of wood-charcoal. This process is very wasteful unless carefully con- 
ducted. 

c. Metalltc Carbon^ Glanee-eoat, — ^This is a very dense form of carbon, deposited 
when certain volatile o^anic compound^ especially hydrocarbons, are passed tbroogh 
red-hot tubes of porcelain or cast-iron ; it collects in the upper part of the retorts m 
which carburetted hydrogen gas is distilled from coal, and is likewise produced in 
blast furnaces. It often exhibits the lustre and sonority of a metal, is veiT hard, a 
good conductor of heat and electricity, and bums with difficulty. It is used to Asm 
the negative element in Bunsen's voltaic battery. 

A veiy hard and compact carbon, also used for the purpose just mentioned, is ob- 
tained by heating to redness, in an iron mould, an intimate and impalpable mixture 
of 2 pts, coke and 1 pt. bituminous coed, then several times steeping it in treacle^ and 
aubjeoting it again to a veiy intense heat. The mass thus formea is veiy hard, may be 
0 dwn hud filed without breaking, and conducts electricity like a metal 

d. Lamp^ldack . — ^Moet of our ordinaiy combustibles, consisting of carbon and bT* 
drogen, such as tallow, wax, and oil, undergo but imperfect combustion, unlem assisted 
bv an artificial draught of air. The consequence is, that a portion of the caibon, 
which ia less combustible element of the two, remains unbumed, and is diiven dt 
in smoke, or deposited on cold surfaces in the form of sooiot lamp^aek; thus, a plate . 
of glass or me£il held in the upper part of a candle flame Is quickly covered with a 
bladt deposit ^ carbon. Lamp-blmsk ia ordinarily prepared by the imperfret eoiiib» 




tion of CRfbomsed bodies, sodi as redn or pitclu amtarstos of a 

OYlindriw stone chamber, in which is suspended a cone of iron pl^ haTing a hola il 
top, and capable of moring up and down ; this cone serves for a dunme^uring Utik 
operation. A cast-iron ^t, containing the resin or pitch, is heated in a ftimsoe out- . 
Bide the chamber ; the ^pours proceeding &om it are set on ftre ; and the»snnply of 
air is properly regulated by apertures which may be opened and dosed at pKasu!^ 
The imperfect combustion of the vapour produces a considerable quantity of laa^ 
blade, which collects on the cone and on the walls. When the operatmn » finished the 
cone is lowered, and as it is made to fit the chamber exactly, it scrapes the wall as it 
descends, and causes the deposit to fall down on the floor. Isunn-bla^ thus oWined 
is always contaminated with oily matter ; it mav be purified by calcination in a covered 
crucible. Sometimes the chamber is hung with coarse cloth^ on which tile soot col- 
Iccts ; they are withdrawn from time to time and scraped. 

A better method of cond^sation is to cause the smoke and vapour to pass through 
an inclin(»d iron tube, in which the oily products collect, and thence into a series of con* 
denstng chambers ; the pipest product is then found in the farthest chamber. The 
finest kind of lamp-black is obtained by burning oil or fkt in lamps, and causing the 
products of combustion to pass through a series of iron cylinders, terminating in a 
chimney ; the cylinders are opened at bottom from time to time, and the carbonaceous 
deposit removei^ As obtained by either of these methods it is always more or less 
contaminated with oily matter. It may be purified by calcination in a covered crucible, 
but for the purposes to which it is chiefly applied, viz. for painting and for ^e maniifae- 
ture of printing ink, the presence of the oil is not objectionable. 

e. Animal Charcoal or Bone^blaokt is a mixture of veiy finely divided charcoal and 
phosphate of calcium obtained by calcming bones in close vessels. Its preparation and 
properties have been already described (p. 624). 


A hsorh en t povaer orf CAarcoa/.*-Wood-charcoal and other porous forms of carbon 
have the property of absorbing large quantities of gases: the greater the porosity of the 
charcoal the greater is also its absorbing power. In its ordinary state, however, charcoal 
has its pores filled with atmospheric air, and to enable it to exert its fiill absorbing power 
on any other ct^ it must first be freed from the air contained in it by heating it to red- 
ness and cooling it under 'mercury. Saussure has shown that recently ignited box- 
wood cha^al absorbs at 12® C. and under a pressure of 724 millimetres, the follow- 
ing quantities of different gases : 


Ammonia . « , 

90 vols. 

Ethylene . 

Carbonic oxide 

, 35 

vols. 

Hydrochloric acid 

85 

n 

. 9*42 

»» 

Sulphurous anhydride 

65 

tt 

Oxygen . « 

. 9*25 


Sulphydric acid . , 

55 

»» 

Nitrogen 

. 6*50 

t> 

I^itrous oxide . 

40 


Hydrogen 

. 1*25 

I* 

Carbonic anhydride , 

36 

i» 




Charcoal also absorbs moisture with avidity from the air, as well as other conden- 
sable vapours, such as odoriferous effluvia. Hence freshlv calcined charcoal, wrapped 
up in clothes which have acquired a disagreeable colour, destroys that odour. It has a 
considerable effect in retarding the putrefaction of animal matter with which it is 
placed in contact. Water is found to remain sweety and wine to be improved in quality, 
if kept in casks the inside of which has been charred. In the state of coarse powder* 
wood-charcoal is particularly applicable aa a filter for spirits, which it deprives of the 
essential oil they contain. (Graham's Elements of Chemistry, 2nd ed. voL i. p. 638.) 
Water contaminated with offensive gas and other matters may also be rendered fit 
for drinking by filtering it through coarsely pounded charcoal interposed between two 
layers of sand. 

Charcoal not only absorbs gases, but frequently also determines their combinatioiL 
If a piece of charcoal, which has remained for some time in an atmosphere of sulphu- 
retted hydrogen, and has absorbed a considerable quantity of that be introduced 
into a vessel filled witii oxygen, combination immediately takes place betwesu tho 
oxygen and the elements of the sulphuretted hydrogen, water and sulphurous aeid 
being formed, and a portion of the sulphur separatoo. The charcoal always becomes 
veiy hot, and sometiines the heat is great enough to produce explosion. Similar phe- 
nomena are exhibited by other combustible gases. 

This property of charcoal has been appli^ by Dr. Stenhouse to the eonstrucHon of 
^ntilators and respirators for purifying infected atmospheres. In a pamphlcft, bearing^ 
the title ** On Chaiooal as a Disinfectant,” Dr. Stenhouse observes : — “ Charoosl not 
only absorbs effluvia and gaseous bodies, but, especially, when in contact with atrno* . 
spheric air, ra{udly oxidises and destroys many of the easily alterable on^ by resolving 
them into the simplest combinations they are capable of forming, which are chiefly 
water and eazbonic * • * Effluvia and miasmata are generally rfgarded eg 
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highly prgtuoBed, mtrogehc^ easily alterable bodies. 'Wtictii these are abSQvbed In 
cbarcoat thejr come in contact with highl/ condensed oxygen gas, wliich eodstswithn 
the i^ies of all charcoal which has been exposed to the au, eren for a few xniniitm> 
in this way they are oxidised and destroyed." On this principle, Dr. Stenhouse luia 
constructed vmtUaiorB^ consisting of a layer of charcoal^ enclb^ between two abeets 
of wire-gauze, to purify the foul air whicn accumulates in Water-closets, the waida of 
hospitals, and in the back courts and lanes of large cities. By the use of these yanti- 
lators, pure air may be obtained from exceedingly impure sources, the impurities being 
absorb^ and retained by the charcoal, while a current of pure air alone is admit^ 
into the neighbouring apartments. A similar contriyance might also be wplied to the 
fl^ey-holes of our common sewers, and to the sinks in priyate houses. I)r. Stenhouse 
has also constructed respirators^ consisting of a layer of charcoal a quarter of an inch 
thick, interposed between two sheets of silyerod wire-gauze covered with woollen cloth. 
They are made either to coyer the mouth and nose, or the mouth alone ; the former 
kind of respirator affords an effectual protection against malaria and the deleterious 
gases which accumulate in ' chemical works, common sewers, &o. The latter will 
answer the same purpose when the atmosphere is not yery impure, prorided the simple 
precaution he taken of inspiring the air by the mouth, and expiring by the nose, yhis 
form of respirator may also be useful to persons affected with fetid breath. Freshly 
heated wood-charcoal simply placed in a thin layer in trays, and disposed about in- 
fected apartments, such a'' the wards of hospitals, is also highly efficacious in absorbing 
the noxious matter. 

'Platinised Charcoal, — ^The power of charcoal in inducing chemical combination is 
increased by combination with minutely divided platinum. In this manner, a com- 
bination may be produced possessing the absorbent power of charcoal (which is much 
greater than that of spongy platinum), and nearly equal, as a promoter of chemical 
combination, to spongy platinum itself. In order to platinise cliarcoab nothing more 
is necessary than to boil it, either in coarse powder or in large pieces, in a solution of 
dichloride of platinum, and, when thoroughly impregnated, which seldom requires 
more than ten minutes or a quarter of an hour, to heat it to redness in a closed vessel, 
a capacious platinum crucible being well adapted for the purpose. Charcoal thus 
platinised, and containing 3 ^nins of platinum to 50 grains of charcoal, causes oxy- 
gen and hydrogen gases to unite completely in a few minutes ; with a larger proportion 
of platinum, the gases combine with explosive violence, just as if platinum-black were 
used. Cold platinised charcoal, held in a jet of hydirogen, speedily becomes incan- 
d<’scent, and inflames the gas. Platinised charcoal slightly warmed rapidly becomes 
incandescent in a current of coal gas, but does not inflame the gas, owing to the veiy 
high temperature required for that purpose. In the vapour of alcohol or wood-spirit, 
platinised charcoal becomes red-hot, and continues so tUl tlio supply of vapour is ex- 
hausted. Spirit of '»yine, in contact with platinised charcoal and air, is converted in a 
few hours into vinegar. Two per cent, of platinum is sufficient to platinise charcoal 
for most purposes. Charcoal containing this amount of platinum, causes oxygen and 
hydrogen to combine perfectly in about a quarter of an hour, and such is the strength 
of platinised charcoal which seems best adapted for disinfectiint respirators. Charcoal 
containing only T per cent, of platinum causes ox^'gen and liydrogen to combine in 
about two hours ; and charcoal containing the extremely small amount of J per cent, 
of platinum, produces the same effect in six or eight hours. Platinised charcoal seems 
likely to admit of various useful applications ; one of the most obvious of these is its 
adaptability to air-6Iters and respirators. From its powerful oxidising properties, 
it might also prove a highly useful application to malignant ulcers and similar sores, on 
which it will act as a mild but effective caustic. It might also be found useful in 
Bunsen’s carbon battery. (Stenhouse, Chem. Soc. Qu. J. viii. 105.) 

Charcoal as a Precipitant and Bccoloriser, — ^Wood-charcoal and animal charcoal, 
especially the latter, possess the power of forming insoluble compounds with many 
dissolved substances, more |>artic^arly organic colouring matters. It precipitates 
iodine from its solution in iodide of pot^inm, also lime, nitrate of lead, and mMt 
metallic sub-sfdts, from their aqueous solutions: it likewise separates metallic acids 
from their solutions in alkalis. A solntion of acetate or nitrate of lea^ in which char- 
coal is immersed, is found after a while to contain free acetic or nitric aciA ^ A large 
number of organic substances, besides colouring matters, are bkewise precipitated by 
charcoal, viz. the bitter principles of the hop, gentian, and aloes, tannin, cu^nic alk^ 
loids ; also resins from solution in alcohol. It is important to bear this in mind in 
analysingJiquids which have been decolorised by animal charcoal, as many of the sub- 
stances originally contained in the solution may hare been carried down by the chansoal- 

The peculiar power of bone-black in rcmovmg colourinj^ mattefrs, dsc, from solution, 
u due to the more minute division of the chared resulting from (he interposition of 
the earthy matter. If this be dis^solv^ out by an acid, the decolorising power of the 





m 


AhippecMl !■ wMt^ JhovftTer laiuit be d<HM ftp beirUdii esnlftfttioiit of 

it. as in the prepantson ^ vegetable ad^ Chaieoal of mneh dedoloiisintf 

power than bo^bladk, is obtained by calcining dried blb^ boms, booft, clipiaiigs ^ 
bides, gln^ and other animal matters, in contact with paul-adi, and wariiingl^ctd- 
cined mass with water. charcoal of considerablo decolorising poww may likewise 
bo prepared by carboniring vegetable substances mixed with chall^ calcined flints, or 
any other earthy matter. If 100 pts. of pipe-clay, made into a thin paste with water, 
bo well mixed with 20 pts. of tan and 500 pts. of flnely pounded coal, and the 


dried and ignited in a dose vessei, a charcoal will be obtained veiy little inferior in 
decolorising power to bone-black. The following table, taken from Graham*s EiemmU 
of Chemistry^ 2nd edition, yoL ip. 361, shows the efScienoy of different kinds of 
charcoal in removing colouring matter. These substances are compared with bone- 
black, as being the most feeble spedes. The relative efficiency is not the same ftr 
different kinds of colouring matter. 


SnoiBt or CsARCOAX, 

(••me freight). 

Relattve decolora- 
tion of luiphate of 
indigo. 

RelatlTe deoolo* 
rptlon of ijrupi. 

Blood charred with pearlaah 

50 

20 

Blood charred with chalk 

18 

11 

Blood charred with phosphate of calcium . 

12 

10 

Glue charred with pearlash . . • 

36 

15*5 

Wliite of egg charred with the same 

34 

15*5 

Gluten charred with the same . . • 

10*6 

8*8 

Charcoal from acetate of potassium . 

5*6 

4*4 

Charcoal from acetate of sodium . • 

12 

8*8 

Lamp-black not calcined .... 

4 

8*8 

Lamp-black calcined with pearlash . » 

Bone-charcoal, after the extraction of the 
earth of bones by an acid, and calcina- 

16*2 

10*0 

tion with potash 

45 

20 

Bone-charcoal, treated with an acid . « 

l*8T 


Oil charred with phosphate of calcium 

2 


Bone-charcoal in its ordinaiy state • 

1 



[On the preparation, properties, and uses of the various forms of carbon, see flirther, 
IMs Dictionary of Arts^ Manufactures and Minss^ articles Bonb-Blaok, Chabooaz., 
Cokh, and Laxf-Black. — ^Pelouz o et Fr5my, TraiU de Chimict 3“» 4d. L 705 — 821.] 

Compounds of Carbon. — Carbon unites with most other elements, but generally 
shaking not directly, most of its compounds being formed either in the b^ies of living 
plants and animals in a way which we cannot trace, or derived by substitution from such 
compounds. The only elements with which it unites directly are oxygen, sulphur, nitro^ 
gen, and a few metals, and with these only at high temperatures. For oxygen^ eafbon 
exhibits no affinity at ordinaiy temperatures, but at a red heat, it not omy combines 
readily with fire© oxygen, but is capable of separating that element from its combinations 
with all others, even iiom potassium. The tcmi>erature required for determining the 
combination depends upon the density of the carbon : porous wood charcoal begms to 
bum in the air at about 240^ G. ; the more compact kin^ require higher tempemlura ; 
anthracite and ppnphite still higher; and the diamond the highest of all The product 
of the combustion is carbonic anhydride, CO*, mixed, however, if the supply of oxygen 
IS deficient, with the lower oxide CO. 

With carbon also unites at a red heat, forming disulphide of earboh, CS!.— 

with nitrogen, it unites at a red heat, provided an alkali be present, forming cyanog^ 
ON, which 'enters into combination with the alkali-metal ; thus, when nitrogen gas is 
loused over ignited charcoal saturated with carbonate of potmium, (^anide of potas* 
Slum is f<»med. — ^With metals also, carbon appears to unite directly under certain cirw 
cumstancea, as in the formation of steel by keeping iron imbedded in charsoal powder 
at a white heat. 

^The compounds of carbon and hydrogen constitute a v^ important groi^ of omuft 
bo<he8, many of them, as oil of turpentine, C**H**, existing ready formed in plants, 
while others, as ethylene, C»H\ and naphthalene, C‘*H*, are produced by the oceom- 
position of mote complex organic compounds. Most of them play the part of radiclee, 
l>eing capable of combining, like metals, with chlorine, oxygen, sulphur, ftc., of re- 
Iwihg hydrogen in combination, and passing as entire groups flnom one state of com* 






binaftfoii to another; C*H*, amyl, Cf»H*', &E^, et^fkna 0^* 

Ime, &C. The hydrogen in these hydrocarbons, may be more or less lepl^ 

by chlorine, bromine^' nitryl (KO*), and other elements or groups, wherel^ deriTstirs 
radides are formed, als 9 capable of entering into combination, replacing hydrmii, ^ 
like sii^le radicles, e, g. hr&meikyl, C^H^Br, chlcrtihylen^ 0^H*C1, <fin«/rone^jUAa^ 
&c. Whenthehydro^nin a hydrocarbon is thus completely replaced W 
another dement, a chloride, bromide, &c. of carbon is produced. In this manner, 
tetrachloride of carbon CClS is formed tcom marsh-gas CH^ dichloride of carbon! 
C*Cl*, firom ethylene, C*H^ &c. 

OAJUaOJr, BROMEXBSS OB. Several of these compounds appear to exist, but 
only one of them, the dibromide C^ri, has been analysed.** This body is obtained by 
treating 'alcohol or ether \rith bromine, saturating the resulting hydrobromie acid 
with potash, distilling, and treating the residue with water. Dibromide of carbon 
then remains as a white crystalline deposit which may be purided by washing with water 
(Lowig, Ann. Ch. Pharm. iii. 292). Its formation is represented by the equations: 

C*H*0 + 4Br* - Cmr* + 4HBr + Bt*0. 

Alcohol. 

* + 8Br* - 2C*Bri + 8 HBp + H»0. 

Ether. 

It is also produced by the action of alcoholic potash on the dibromide of tribromethy- 
lene (Lennox, Chem. Soc. Qu. J. xiv. 209); 

C*HBr*.Bp* + KHO « C^r* + KBr + H*0. 

Dibromide of carbon forms white ciystidline plates, unctuous to the touch, having an 
ethereal odour and saccharine taste ; it melts at 50^ C., and sublimes without alteration. 
It is nearly insoluble in water, vexy soluble in alcohol and ether; not docomposed by 
acids or alkalis. It bums in the dame of a spirit lamp, giving off vapours of hydro- 
bromic acid, but ceases to burn as soon as it is removed from the n^e. Chiorine 
attacks it in the melted state, forming chloride of bromine. Heated with oxide of 
mercury or passed over red-hot oxide of zinc, copper, or iron, it yields metallic biomine 
and carbonic anhydride. When passed over red-hot metallic zinc, copper, or iron, it 
also yields a bromide of the metal without disengagement of gas. (Lowig.) 

Commercial bromine sometimes contains a liquid bromide of carbon, which may also 
be obtained by the action of bromine on ether and alcohol, especially if chlorine is like- 
wise present. It is an oily, colourless, fragrant liquid of specific gravity 2*436, not 
solidifiable at 26^ C., bo Lung at 120^ C., so that it is easily separated from bromine by 
distillation. . It is insoluble in water, not decomposed by aci^ or dilute alkalis, but 
decomposed by fusion with hydrate of potassium, into bromide and carbonate of potas- 
sium (Poselger, Ann. Gh. Pharm. Ixiv. 287). The same compound appears to be 
produced by the action of 2 pts. bromine on 1 pt. iodide of ethylene, and may 

be separated from bromide of iodine by means of dilute potash. 

In the preparation of bromine, there is sometimes formed an oily ethereal liquid 
called oil of bro7nine, which appears to contain When dropped on red-hot 

fragments of glass, it yields a deposit of carbon, together with ciystals and a dark-brown 
oil,' while hy£'obromjc acid and a combustible gas escape. The dark-brown oil appears 
to be a portion of the liquid which lias remained undecomposed and has absorbed 
bromine, and the crystals consist of a bromide of carbon. C^Bri. (M. Hermann, Ann. 
Ch. Pharm. xcv, 211.) 

CABBOXTp CB&OBXBIIS OB. Carbon does not unite directly with chlorine : 
but seveml compoutMs of these elements are obtained by the action of chlorine, .aided 
by light or heat, on organic bodies, chiefly on hydrocarbons or their chlorinated deri- 
vatives, e. g, CCP from marsh-gas (CH*), or chloroform (Cfld*), C*CP from ethylene 
(C*H*), C*CP from tritylene (dH*), C**C1* from naphthalene (C •H*), &c. It is ens- 
tomai^, however, to restrict the term chloride of carbon to four of thm bo^es, 
containing 1 and 2 atoms of carbon, while the rest are regarded as substitution-deriva- 
tives of organic radicles, s. g. C^*C1”, as perchloronaphthalene. The names and formalfls 

these four compounds are given in the following table, in the left-hand column, ac- 
cording to the atomic weight of carbon [12] here adopted, in the right-hand eolumn 
according to the smaller atomic weight of carbon [6], the latter being the names by 
which they are generally known : 

[C - .2] [0 - 6] 

Ptotoehloride . . dd* or Suhchloride • • 

Dichloride • . • C*d* „ ProtoeWoride # • dCJ* 

Trichloride , , • C*d* „ S^uichloride • 

Tetrachloride • • Gd* „ Di- or Bi-chloride . 

I • CW hat been rccentlj ebUincO. Sea Ethtlsnis, BaowsAm. 







There U; distinction these fow cinar^ite 

of (he same twit> element^ empting that thej are of low atomic weighti and that 
they may be deriyed tnm disulphide of carbon, the yapoor of that soStance 
with cUorine and passed through a hot tube yieldi^ the tetratiiloride, and the 
three being ptwuoed, either by esposu^ this ootnpound to a higher teinperatili'e 
or by the action of reducing agents. 

XsTSACXnoBiDii OF Garbok, CC1^ J>ichlifrideorBichioridsofCarb6k, Car^ 
boniccJUoride. Perehhrinaied Chloride of MtthyL fVrcA/<>fo/oiwir.^This oompou^ 
which is an analogue of marsh-gaa CH^ and of carbonic anhydride CO», was cdsoo- 
yered by Begnault in 1839 (Ann. Ch. Phys. [2] Inxi, 337). It ia produced ; 1, By 
the action of chlorine on marsh-gas (Dumas, Ann. Ch. Phys, [3] budii. 93\^2. By 
tlie action of chlorine on chloroform in sunshine; OHCl* -i- Cl’ ■- HOI 4- OOIt 
C hloroform is gently heated in a retort exposed to the sun, and a stream of diy ohlo* 
riiie ia passed slowly and continuously thro^h it, the liquid which distils over being 
repeated^ poured back till hydrochloric acid ceases to be evolved, after which the dis* 
tilhite is agitated with mercury to remove free ehlorme, and then rectified (Renault), 

3. By the action of chlorine on disulphide of carbon : CS’ -i- 4CI’ «• CCB + 2SC1^ 

Chlorine saturated with vimour of sulphide of carbon by passing through the liquid is 
made to pass through a red-hot tube containing fragments of porcelain and connected 
with a receiver surrounded with ice ; and the yellowish-red mixture of tetracliloride of 
carbon and chloride of sulphur thereby obtained is very slowly added to an excess of 
l>otK8h-loy or milk of lime, the mixture being agitated from tune to time and after* 
wards distilled. Tetrachloride of carbon then passes over, sometimes mixed with 
sulphide of carbon, if too much of that compound was mixed with the chlorine, or if 
the heat was not strong enough ; the sulphide of carbon may be removed by leaving 
tlie liquid for some time in contact with potash-ley (Kolbe, Ann. Ch. Pharm. xlv. 41 ; 
liv. 146). Gheuther (ibid, evii. 212) removes the sulphide of carbon, by dissolving 
the mixture in idoohol, addmg alcoholic potash as long as it thereby acquires a darker 
colour, and heating the liquid gently to promote tiie conversion of the sulphide of carbon 
into xanthate of potassium ; then separates the unaltered chloride of carbon by water ; 
and purifies it by washing. — 4. By theaction of pentachloride of antimony on disulphide 
of carbon : 

CS* + 2SbCl» - CCP + 2SbCl* + S». 


The mixture becomes hot, and on cooling deposits ciystals of trichloride of antimony 
mixed with sulphur, while tetrachloride of carbon remains in the liquid state. (Hof* 
mann, Chem. Soc. Qu. J. xiii. 66.) 


ProjH'rtua , — ^Tetrachloride of carbon is a thin transparent colourless oil, having a 
p>uDgent aromatic odour. Specific gravity 1*56. Boiling point 77^0. Vaponr-density 

by experiment 6*24 — 5*33, representing a condensation to 2 vols. / ^ 


0 0693 6*34.) It is insoluble in water, but soluble in alcohol and in ether. 

DecompoaiUona, — ^Tetrachloride of carbon passed through a red-hot tube, is resolved 
into free chlorine and a lower chloride of carbon, which, at a bidgbt red heat is chiefly 
at a still higher temperature C’CP, and at a dull rod heat, a body isomeric with 
C‘‘Ct* but having only half the vapour-density of that compound . (Regnault).-.^ 
2. When mixed with hydrogen and passed through a ivd-hot tube filled with pumtes^ 
yields marsh-gas and ethylene (Berthe lot, Ann. Ch. Phys. liii. 69; Joluesbcnr, d; 
Chem, 1868, p. 619), — 3. With avlphuretted hydrogen^ in like manner, at a low red 
heat it yiel^ hydrochloric acid and sulphochloride of carbon, COB 4 H*S •• 2HC1 4» 
C^l» (Kolbe). — 4. Dissolved in weak alcohol and treated with amalgam of poia** 
stum, it gives off part of its chlorine to the potasBium, and yields chloroform, OHC^ 
mono-chlorinated chloride of methyl, CH’CP, and marsh-gas (Begnau It).-— 6, T^ted 
in a flask {>rovided with an upright condensing tube with airw atSl diluU acidt iytyielda 
hydrochloric add and chloz^orm, the latter bdng converted by the fhrther rwfuc^ 
setion of the mixture, into a body containing still leas chlonne, probably CfiPGP 
(Geuther, toe, eit) — 6. It is not decomposed by aeneous potash or aulphydrate of 
potassium; but alcoholic potaah slowly converts it into chloride and carbonate of 
^tsssium (Regnault). Heated with alcoholic potash to 100^ C. in a sealed tube 
for a week, it ia partly converted into ethylene (Berthelot, Ann. Ch. Pbann. dx. 
118).— 7, Heated to 179^ or 180^0. with 3 vols. phmyUmine^ it yields oarbotri* 
phenyl triamine (Hofmann, Prac. Roy. Soc. ix. 284) : 


fl(N.H* C^*) + OCI’ - rN*.tS.(C«H»)*.Hn-Ha 4 8K»r.H».C«‘).HCl]. 


it yields a white oystalline pfodset <Hofinaiii^ IM. 





7 « 

A conkpoim^ Ibrmed by the action of moist chloiine on snlpMde of oariwo; 

sometimes regarded as snibAifS cf tHracMoride of oarbony bat more probably a diUai. 
nated derirauTe of methjflsu^huroiu acidf vill be described under that bead. 

Tbiobxobzdb of CABbpB. C*CI*. BiaqxmUoridsof Carhm^ Terehtoride of Cir- 
hm^ Perchlorinaied Chloride of Ethylene^ Chfirwre de ChloroxHhoae,^T\m compound, 
which was discovered and investigated by Faraday (Phil. Trans. 1826, p. 47), and 
fhrther by Kegnault (Ann. Gh. Phys. [2] Ixix. 166; Ixzxi 371), is produced by the 
action of chlorine in snnshine on various compounds and derivatives of ethyl and 
ethylene: 1. On dichloride of carbon, G*CP (Faraday). — 2. On chloride of ethylene: 

+ 4CP « 4HC1 + C*C1*; the action also takes place, though more riowly in 
diffused daylight (Faraday), or with aid of heat (Liebig). — 3. On chloride of ethyl, 
first in tlio sh^e, afterwards in sunshine : C='H*C1 + 6CP » 6IIC1 + C*C1* (Laurent, 
Ann. Ch. Phys. [2] btxxiv. 828) ; similarly on mono-, di-, or tri-chlorinated chloride of 
ethyl (Regnault). — 4. On sulphite of ethyl, with simultaneous formation cxP chlo- 
ride of sulphuiyl, chloraldehyde, and hydrochloric acid (Ebelmen and Bouquet 
Ann. Ch. Phys. [3] xvii. 66) : 

(c*H*)*so* + 1101* « c*cp + so*ci* + c*ci«b + lona 

5. On oxide of ethyl, which, in bright sunshine, is sometimes converted at once into 
sesquichloride of carbon and chloraldehyde, sometimes into perchloretlwUc oxide, 
C'*C1'®0, 1 at of which is resolved by distillation into C*C1*0 and C*C1® (Peunault 
Malaguti). Several perchlorinated compound ethers (carbonic, succinic, &c.) also 
^eld trichloride of carbon, when similarly treated. — 6. On hydrochlorate of etliy- 

C*H*N + 601* - C*a* + NH*C1 + 3HC1. 

The sal-ammoniac is ultimately resolved by the excess of chlorine into hydrochloric 
acid and nitrogen, which escapes, a certain portion, being, however, converted into chlo- 
ride of nitrogen (Oeuther and Hofacker, Ann. Ch. Pharm. cviii. 61). The formation 
of chloride of nitrogen must render the process dangerous. — 7. Tetrachloride of carbon 
passed through a rod-hot tube is resolv^ into the trichloride and free chlorine (p. 766). 

Preparation. — L Chloride of ethylene is exposed to the sun in a bottle filled with 
chlorine, water being frequently added in small portions to absorb the hydrochloric 
acid produced, and the chlorine^ frequently renewed as long as any action is percep- 
tible. The crystalline product is washed with water, pressed between bibulous paper, 
heated to sublimation, then dissolved in alcohol, precipitated by water containing 
potash, again washed with water, pressed, and dried in vacuo over sulphuric acid 
(Faraday). By passing chlorine through chloride of ethylene, heated nearly to the 
filing point, part of that compound is converted into trichloride of carbon, which 
crystallises out for the most paii: on cooling tlie liquid with ice (Liebig, Ann. Ch. 
Pharm. i. 219). — 2. A bottle filled with chlorine, and containing a little chloride of 
ethyl, is set aside in the shade for twenty-four hours, the chlorine then renewed and 
the vessel exposed to the sun : such exposure at the bc^nning of the process would 
produce explosion (Laurent). Or better : vapour of chloride of ethyl produced by heat- 
ZDg alcohol with strong hydrochloric acid, and purged by passing through watw and 
oil of vitriol, is brought in contact with chlorine in a vessel exposed to the summer sun 
(Regnault).— 3. Perchlorethylic oxide (C^Cl^^O) is distilled, and the distillate is re- 
peatedly treated with water, which takes up chloraldehyde and leaves trichloride of 
carbon. (Malaguti, Ann. Ch. Phys. [3] xvi. 6, 14.) 

Prt^ertke . — Trichloride of carbon ciystallises in right rhombic prisms ooP, mo- 
dified by the faces oo f* oo and the horizontal prism P oo. Angles of the prism obP 
68^ and 122® (Brooke) ; 69® and 121® (Laurent). The crystals are colourless, tran- 
sparent, and nearly tast^ess, but have an aromatic camphorous odour. They are as 
hard as sugar, and easily pidverised. Specific gravity >- 2*0. Refracti^ power 
1*6767. They do not conduct electricity. They melt at 160® C. ; boil ana sublime at 
182®, and volatilise even at ordinaiy temperatures. Vapour-density » S*167» emre- 

aponding to 2 volumes x 0*0693 ■» 8*212^. Insoluble in water, 

soluble in alcohol, still more in ether; the solutions are not clouded by nitrate of silver. 
Soluble also in oils, both fixed and volatile. * 

Pecoiapoeitwne^—^l^ By repeated distillation, or by passing its vapour through a red- 
hot porcelain tube, the tri^loride is resolved into the dicbloriae, C*C1^ and fiv® 
chlonne.*^ 2. It bums with a red light in the flame of a spirit-lamp, but is extinguished 
on remo^— 3. Passed, together with hydr^m, through a rra-hot tube, it jieldB 
hydroohlorio acid and dichloride of carbon (Geuther), and undergoes a similar de- 
conmosition when heated with eulphur^ phot^>horu»t qr iodifte, — 4. Most nuiak heated 
in the vapour of the trichloride are converted into ebloiides, with separation of riiar^ 



y^CAiaoii^ 

^-4. Tl» ow Md-hot 

and wrlKwate pt the metal, with depontum of dmeoid ; with «*«i ^tUu, it ieihi. 
times forma oa^oblonda of carbon; wit^tbac^r^^/evoipar and 

peroxide of lead, tiie prodnota axe metalp dJoride and cazbonic anby^da^e *l%« 
Whbride is not altered by dmUllatioii vitb aqu^iui or aloobidic potad; bat wbtn 
gently beated with an alcobolic sointibn of eul^ydraU cf wtamum, it yiddi didlQl^ 
nde of carbon, together with chloride of potassium, sulpby^e acid, free sulpbur, and 
ft brown sulphur compound, apparently resulting from a saoondaiy action (RegnauU) i 

cm* + 2KHS - C*Cl< + ^Kd + H»S + S. 


7. Heated in seiJed tubes with 8 at. hydrate of ^taesium, it yields oxalate and *^h]loridt 
of potassium : 

C*a* + 8PHO - C*K«0< + 6Ka + 4H*0; 

but the decomposition is reiy imperfect, even when the mixture is boated to betweei 
210® and 220° C. fOT several davs (G cut her, Ann. Ch. Pharm. lx. 2i7).>->B. Heat^to 
100° C. in sealed tubes with iucoMlio jpotash^it yields the same piquets, together with 
hydrogen gas and ethylene (Berthelot, Ann. Ch. Pham. eix. 118). Theprinoqii^ 
action is probably represented by the equation : ; 

C*Cl‘ + 7KHO + C»H\K.O « C«K*0< + 6KC1 + 4H»0 t C*H* 

and the free hydrogen results from a secondary decomposition, a number of liquid 
products and brown insoluble substances being formed at the same time. THchloride 
of carlKin is not attacked by ^monio, nitric acid, or sulphuric acid. Boiling nitno 
acid dissolves it, part separating on cooling, the rest on audition of water. In contact 
with chlorine and water, it does not yield tiichloracetic acid. 

I)xoHX.oBiDB OF Gabbom. C^Cl^ Protochloride of Carbon, 'Perehlonthylenet Ckln* 
rithose , — Discovered and examined by Par ad ay (Phil. Trans. 1821, p. 47), ftirther by 
Rc gnault (Ann. Ch. Phys. [2] Ixx, 104 ; Ixxxi. 372). It is produced by the action of a 
red heat on the trichloride or tetrachloride of carlwn, either alone or in presence of 
hydrogen (pp. 766, 766); by the action of nascent hydrogen on the trichloride at ordinary 
temperatures ; also by that of alcobolic sulphydrate of potassium on the trichloride^ and 
of aJcoholic potash on the tetrachloride (p. 765). 

Preparation, — 1, Vapour of trichloride of carbon is passed through a red-hot tube filled 
with fragments of glass, whereupon a large quantity of chlorine is set free, and the di« 
chloride passes over in the form of a liquid colourea yellow by chlorine. It is purified 
by passing it several times through the red-hot tube, then shaking it Ujp with mercury, 
and rectifying at as low a temperature as possible (Faraday). — 2. The trichloride Is 
added by sm^ portions to an lucohoUc solution of sulphydrate of potassium, and, ss soon 
as the solution of sulphuretted hydrogen has ceased, the liquid is distilled, and the alco* 
liolic distillate diluted with water : the dichloride then separates in the form of a heavy 
liquid : this process is easier than the preceding (Bognault).— 3. TVichloride of car- 
bon is mixed with water and granulated zinc, and sulphuric acid added from time to 
time ^th agitation, till all the trichloride is decomposed. On subsequently distiUing 
the liquid, dichloride of carbon passes over with the aqueous vapour. (Gentheiv 
Ann. Ch. Pharm. evir. 212.) 

Properties , — ^Veiy mobile liquid, of specific gravity 1*619 at 20® 0. (Hegnanlt), 
1'612 at 10® (Geuther). Keimeting power 1’4876 (Wollaston). It does not 
conduct electricity. It remains liquid at— IS® C.; boils at 122® (Begnault), 116*7® 
(Geuther). Vapour-density, by experiment -» 5*82, corresponding to 2 iralfiiiMn. 

^ -I — i y . : X 0*0693 «-5*76.j It is insoluble in water, acids^ and aqueous al» 

halis, but dissolves in alcohol, ether, and oils, both fixed and volatile. 

VeoompositioTis, — 1. At a red heat it is resolved into free chlorine and the proto* 
chloride, C*C1*. — 2. When its vapour is pas^ over red-hot baryta, vivid ignition 
takes place, with formation of chloride of oarium and carbonic anl^dride, and sepem- 
tion of charcoaL— 3. Heated for some time to 200® 0., with 6 at. kydrato afpotaontm, 
it is completely converted into oxalate and chloride of potasrium, with evolution ed 
hydrogen gae (Geuther, Ann. Ch. Pharm. cx. 247): 

CfOf + aKHO C*IPO‘ + 4KCI + 2HW + H». 

6. It abiorbe dry chlorine in sunshine, forming the trichloride, C*C1*; but if espooed 
^ an otmoepiiere of chlorine under a layer of water, it yields triehloriicetic ad^ 
(Kolbe^ Ann. Ch. Phwnn, liv. 181) ; 

<?CI^ + 2H*0 + d* • C*Ha*0* + 3Ha 
^ It atisoflp bromine in sunehine, yielding ehlorobromide of earboh, C*ClfBie** 



' ootb|ioii|il Jul^ » maim^tt^ of luuu 

at' Abo in Fiofiniai irj^^ in disttUine crude nitiioifithbaiiit 

gr^ Titnol in eaat-iibii vetor^ tlie ^jsl^tzon probably fbmishing the carbon, and die 
caej^^ ^ the chk^e (Ann/ Cht Phya. [21 xriii. 269), It was more exactly in- 
PhillipB:^d Faraday (Phil. Trans. 1821), and afterwards 1^ Beg, 
Ch. Phys. [2] IXx. 104), who prepared it by passing yaponr of chloroform 
, or of mehloride of c^bon, through a strongly ignited porcelain tube filled with fin^ 
mehle of porcelain, dissolving the ciysfcalline product in ether, filtering, evaporating to 
dryness, and subliming. In performing this process, care must be taken not to heat 
atho porcelain tube too strongly ; otherwise, no chloride of carbon will be obtained, \m% 
deposit of charcoal. 

■ Prop^ti€ 9 > — Protochloride of carbon forms white, delicate needles, apparently four- 
aided, W^ihg a silky lustre. It melts, boils, and sublimes between 175^ and 200^0., 
but ihay be sublimed without fusion at 120^, the sublimate then consisting of long 
neadles. It has a t>eculiar odour, something like that of spermaceti, but no tote. In 
the 'ddld it is almost inodorous. It is insoluble in water, but very soluble in alcohol; 
dissolves: idso in ether, and in hot oil of turpentine, whence it crystallises in needles 
on cooM 


Thaalcoholic solution does not precipitate nitrate of silver. 

The vapour passed through a red-hot porcelain tube filled with fra^ents of rock* 
crystal, is resolved into chlorine and charcoal. The compound burns with bluish coloui 
ill the flame of a candle, but ceases to burn when withdrawn. It is not decomposed 
or dissolved by nitric, hydrochloric, or sulphuric acid, or by boiling potash. Ghkirins 
does not act upon it, even in sunshine. Potassium bums in its vapour with intense 
ignition, forming chloride of potassium and depositing charcoal. 

Berthelot regards this compound, not as C*CP, but as C‘®C1'®. The vapour-densitji 
docs not appear to have been determined. 


O JLltBOir, GB&OBOBBOMZBB OZ”» C^Cl^Br^. Bromide of BerchoreihyUne^ 
’ Bromure de Chloroxhhose, (Malaguti, Ann. Ch. Phys. [3] xvL 14.) — Bichloride ol 
carbon exposed to sunshine in contact with bromine solidifies in a few hours to a crys* 
talline mass, which may be purified by repeated crystallisation from alcohol. The crys- 
tals resemble those of C*C1* ; they have a specific gravity of 2*3 at 21° 0., taste slightly 
aromatic, begin to volatilise at 100°, decompose at about 200° into bromine and the di- 
chloride, and when treated with protosulphide of potassium are resolved into bromicU 
of potassium and dichloride of carbon : 


C^CIW + K*S » C*C1® + 2KBr + S. 

OJUtBOV, BBTBCTZOSr BJTD B8TZ]MCB.TZOir 07. The methods of de 
tecting and estimating carbon and its compounds have been already described under th< 
head of Akaxtsis, 

If the carbon is not already in the form of carbonic anhydride or a carbonate^ it ii 
converted into carbonic anhydride by combustion, either in an atmosphere of oxygen oi 
with oxide of copper or chromate of lead, the amount of carbonic anhydride thmrecy pro 
duced being estimated by absorption in strong potash-ley ( ArraxTsis, Organic, pp. 22J 
-—238). This method serves for the estimation of carbon in cast-ifion and other metaili< 
compounds, as well as in organic bodies. Gaseotts carbon-oom^^nd^^ such as carbonic 
oxi^ and hydrocarbons, are converted into carbonic anhydride by explosion with ex 
cess of oxygen, the amount of that compound produced being then determined bj 
absorption with potash. (Anaxtsis, Voxuiotbio, of Oasbs. pp. 286 — 288.) 

Carbonatee are decomposed with dilute sulphuric or hydrochloric acid, and the car 
bonie anhydride tliereby evolved is usually determined by loss (see AaroiMiiTBT, p. 38 
and Alxaximbtbt, p. 149). The presence of carbonates in any mixture, solid or liquid 
is detected by the effervescence which ensues on addition of dilute sulphuric or hydro 
chloric add. This effervescence may, however, arise from the escape of snlphydrii 
add or sulphurous anhydride, if sulphides or sulphites are also present. These gase 
are readily distinguished from carbonic anhydride by their peculiar odours ; snlpbydrii 
add also by its property of bladcening lead-salts. To detect carbonic anhydride whei 
evolved together with one or both of these gases, the gaseous mixture is passed inh 
baryta-water. If a predpitate is ibrme^ carbonic 8b sulphurous add may be preset 
or both ; if the former alone, the predpitate will be completely soluble in hydroehlorii 
add, after treatment with cklorine-water; but if sulphurous add is also present, it wil 
be ooddised by the chlorine-water, and converted into sulphuric add, which w:^ tha 
form sulphate of barium, insoluble in hydrodilorio add 

The amount of carhonio anhydride in a gaseous mixture is .ascertained directly 1^ 
ahscnptioii wi^ potash, sulphurous aahy^de or sulphydrie add, if present^ hariiq 
best! prsTum^y removed by absorption with peroxide of manganese (p. 282), 
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Carbonic acid in aolutioth either free or corabihed, Sft a 1 Ait^lb} water for eacam^^ 
isi outimated by adding ammonia and chloride of and tearing the liquI^W 

jteelf in a corked desk for aeTeral hours. The carbonic acid is ^^lereby precipitated aa 
carbonate of calcium, containing 43*88 per cent CO*. 

To estimate the carbonic acid in the air, a large quantity of air, the volume Mftrg 
measured by an aspirator (p. 427), is passed throujfh a series df weighed potash^btimC 
Another method is to shake up a quantity of air in a closed vessel of known capacity^ 
with an excess of lime-water of known strength, and then determine the quantity of 
linie remaining uncombiiied by means of a standard solution of oxalic acid. 
method is easy of execution, and affords the means of quickly determining the vaiying 
amount of carbonic acid in the several ports of an inhabit^ apartment at di&rent * 
limes. / > 

Atomic W ciqht of Carbonm — Three methods have been adopted for determining 
the atomic weight of carbon : I. From the quantity of carbonic anhydride produeea 
by the combustion of a given weight of carbon. — 2. Sly comparing the weights of equal 
v<il limes of carbonic anhydride and oxygen, it being supposed that carbonic anky<hdda 
contains its own volume of oxygen. — 3. From the weight of metallic silver obtiemied 
V»y the combustion of oigiinic silver-salts. , y 

Of these methods the first is considered the most trustworthy. The amounVef eax^ 
Uinic anhydride produced by the combustion of carbon was determined wi^ a veiy 
near u]>proximation to the truth by Lavoisier in 1775, afterwards with mof^ or less 
uccnnicy by Guytoii-Morveau (1785), Clement and Desormes (1802), Allen and Pews 
(1807), and Saiissure (1809); but the most exact determinations are those made uy 
Jtiunas and Stas (Ann. Ch. Phys. [3] i. 1), and by Erdmann and Marohand 
(J. pr. Chein. xxiii. 159). These chemists burned weighed quantities of diamond or 
griipliito with oxide of copper and oxygen gas, and weighed the carbonic anhydride 
taken up bv the potash -apparatus, after it had been freed from a very small quantity 
of ailinixiKi water by passing over chloride of calcium or sulphuric acid. ThcamoU. 
ijuantity of residual ash was deducted from the weight of the carlmii employed, and 
the quantity of water produced in the combustion likewise taken into account. 

In this manner the quantity of carbon which combines with 200 pts. of oxygen to 
form carlxmic anhydride was found by Lumas and Stas, in fourteen experiments, to 
vary only between the limits 74*87 and 75*12, tlie mean result being 75*005, with a pro* 
bable error of + 0*013. Erdmann and Marchand, in nine experiments similarly con* 
ducted, obtained numbers varying between 74*84 and 75*1 9, the mean being 75*028. Now 
since, of the two oxides of carbon, carbonic anhydride contains, with the same quantity 
of carlion, twice as much oxygen as esarbonic oxide, these com iKiuuds may be represented 
by tlie foriiiulm CO'* and CO, a view of tlieir constitution, wriich is likewise in accord- 
ance witl) that of the other compounds of carlx>n. liciico, from the al>ove-menlioiit^ 
ri'sultH respecting the composition of carlwnic anhydride, it follows that if the atomio 
weight of oxygon — 100, that of carbon wdll bo 75, and on the hydrogen scale: 

If O « 8, 0-8 

and if O « 16, O - 12. 

The reason for adopting the numbers in the last line are IVilly detailed in the article 
Atomic Wkiohts (^p. 459 — 462). 

The second method of determining the atomic weight of carbon ww first adopted by 
lUn-zeliufl and Lulong in 1819. From specific gravity determinations then made it 
w'as concluded that equal volumes of carbonic anhydride and oxygen weighed^ 1*5425 
and 1*1026 respectively; and assuming that carbonic anhydride contained its o'sm 
vulume of oxygen, the difference of the two numbers gave the weight of the carbon in 
the same volume, whence it was calculated that the atomic weight of curlK>n on the 
oxygon scale (O — 100) was 76*528, which number was adoptid as correct fon twenty 
years. In 1841, Wrede, following the same method, but taking into account the more 
exact coofiScients of expansion of the gases deterniined by Rudbeig, Alagnus, and 
Iti’gnault, obtained the numljcr 75*12. Determinations not much differing from this 
were made in like manner by other experimenters ; but the method is not capable of 
yielding very exact results, because the alterations of volume sustained by mtygen 
and carbonic anhydride for equal tkriations of temperature and pr^sure are equals 
snd consequently the assumption that oxygen, in being eonverf-ea into carbonic anhy- 
driilo. undergoes no change of volume, cannot be true for all temperatures.^ 

The third method, founded on the analysis of the silver-salts of organic acids, was 
adopted by Liebig and Redtenbacher (Ann. Ch. Pliarm. xxxviii. 116). AssumiM 
Ag » 1351 and H — 12*48 (O — 160), these chemists obtain^sl as the mean result 
Iheir analyses, C — 75*854. The more exact determinations since made of tho^on^ 
of silver wotild lead to a slight alteration in this result htrecker, noM tiM 
Vot, 1. 3L 
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flume nperiments, and without juBsiunliig the atomic weights of silrer os preTioofiTv 
IcDOwn* calculated the atomic weight of carbon as « 7^*415 ; but this method, as veil 
as the second, is not considered so trustworthy as the first, the result of which, oh. 
tained by Dumas and Stas is now universally adopted. 

CUMBOaff XOBHIB OB* Ko compound of carbon and iodine has yet been ob- 
tained. Iodoform, CHI*, was formerly supposed to be an iodide of carbon, the hydiogea 
contained in it having b^n overlooked. (0 m. vii. 335.) 

OABSOW, srZT&XItB OV. Only one com^und of carbon and nitrogen ii 
known with certainty, viz. Ctanoobn, CN (q, ft,) Many cyanogen-compounds yield bj 
calcination a residue called me Hone, which Liebig regards as a nitride of carbon con* 
Gaining C*N\ It does not, however, appear to have been obtained quite free from 
hydrogen (see Melldne and MEL^oionEs). According to Thaulow, a peculiar nitride 
of carbon, isomeric, but not identical with cyanogen, is obtained by ignition of cyanidu 
of silver (see Gabbazotb, p. 757). 

GABBOSr. oaUBSS OX*. Two oxides of carbon are known, the protoxide CO, 
and the dioxide, or carbonic anhydride, CO* commonly caUed carbonic acid. Both aw 
produced by the direct combinaaou of carbon and oxygen ; the former is known only 
in the gaseous state : the latter is gaseous at ordinary temperatures. 

Dioxide of Cabboe. Cabbonio Anhydride, CO*. Anhydroui Carbonic 
ojcid^ Fixed air. Mephitic air, kohlunsaurec qas, Kohicnsaure, Gas sylvesire, i^iriitts 
sylvesiris,— The evolution of this gas in the burning of lime and in fermentation, was 
known to Paracelsus and Van Helmont, the latter of whom gave it the name of gas 
sylvcstre ; its properties were afterwards investigated by ^Ice, Black, Cavendish, 
Priestley, and Bergmann, but its true composition was first demonstrated by Lavoisier, 
who showed that it was a compound of carbon and oxygen, containing 28 per cent 
carbon and 72 oxygen, numbers approaching very nearly to the proportions now received 
as correct, viz. 27*27 carbon to 72*73 oxygen (p. 769). 

- Carbonic anhydride is formed by the combustion of carbon in oxygen gas, or in the 
air. It is a constant pi*oJuct of the ordinary processes of combustion, inasninch as all 
Substances used for fiiel, such as wood, coal, oil, wax, tallow, &;c. contain carbon. It is 
likewise formed by the respiration of animals, in various processes of fermentation, as 
in the preparation of wine and beer, and by the decay of animal and vegetable sub- 
sttniccs. It issues from fissures in the ground, in various locMilities, chiefly, in volcanic 
districts, and is ejected in enormous qmintities from the craters of active volaiiios. 
From all these sources it is continually being poured into the atmosphere, of which it 
therefore forms a constant constituent: the average amount of it contained in the air 
in the open country, is 4 volumes in 10,000; in the air of crowded towns, it is often 
much greater (p. 437). It exists also in larger proportion at the bottom of wells, mines, 
quarries, and caverns, especially in limestone districts, where it is evolved from 
fissures and does not readily escape, in consequence of its greater density. Carbonic 
anhydride (or acid), exists also in solution in all natural waters, some, as those of 
Seitz, Vichy, and Spa, containing it in such quantity as to give them an effervescing 
character. Lastly, it is produced by the decomposition of carbonates, either by heat or 
by the action of the stronger acids, and is a frequent product of the decomposition of 
organic bodies at high temperatures. 

Preparation , — TJio cneicst way of obtaining the gas is to decompose chalk, or marble, 
with hydrocliloric acid, in an oiilinaiy generating vessel, provided witli a gas-delivery 
tube: 

Cu'CO* + 2HC1 = Ca'Cl* + CO* + H»0. 

Dilute sulphuric acid may also be used, but it is less convenient, as the snlphate of 
calcium produced forms a hard mass in the vessel, which is difiScult to extract, whereas 
chloride of calcium is easily soluble : moreover, the chloride is more useful as a resi- 
dual product. The gas may be received over water, or, as it is very lieavy, it may l>e 
collected by simple displacement of the air, the delivery- tube being bent vertically 
downwards, so as to reach to the bottom of the receiver. This is also the 
convenient mode of collection when the gas is required dry, a desiccating tube contain- 
ing diy chloride of oalcium or pumice-stone soaked in oil of vitriol, being interposed 
between the generator and receiver. On the large scale, carbonic anbydnde may be 
obtained by heating chalk or marble to redness, in an iron or earthen retort. 

Properties , — CarTOnic anhydride is, at ordinary temperatures and pressures, a <»lour- 
less gas, but may be liquefied by cold or pressure (p. 771). Its sji^ific gravity in the 
gaseous state isl*5241(Regti suit), being rather more than 1 J times that of air. In 
consequence of this great density, it may be poured from one vessel to another like a 
liquid, and often collects at the bottom of wells, mines, and caverns, as in the Grotta 
dd Cane near Naples, the atmosphere of which, witliin about a foot of the ground, i* 
highly charged with the gas, while the upper part is comparatively free. 

From the experiments of liegnault, it appears that the density of carbonic anhydride 
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not ^ flame proportaon aa the exeepting trithln nanow limite t 

under a preamre of several atmospheres, the doviatioa ftom this law is very perceptible^ 
The coefficient of expansion by heat between 0® and is 0*8719 (Kegnault)} 

0-366087 (Magnus); refracting power « 1-626 (Dulong). 

Carbonic anhydride does not an^t the colour of lUmtis-papert when both are quite 
<lry ; hut if moisture is present, the blue colour of the paper changes to wine-re^ 
like that produced by bone acid : on exposure to the air, however, the redness disap*' 
wars, in consequence of the escape of the gas. introduced into the gas is 

immediately rendered turbid, in oons^uence of the formation of neutral carbonate of 
calcium, but if an excess of the gas is present, the liquid becomes clear again alter a 
u'hile, especially if shaken, an acid carbonate being then formed, which is soluble ini 
water. Solution of potash^ or a lump of moist solid potash, introduced into the gafl 
standing over mercury, rapidly absorbs it. It dissolves in about its own volume of 
mUer at ordinaiy temperatures, and in less than ^ of its volume of afcohol. 

Carbonic anhydride is irrespirablc ; animals immersed in it soon die, not only fbom 
want of oxygen, but in consequence of a direct poisonous action, violent spasms being 
sometimes produced, sometimes complete atony of the cerebral faculties. Mixed with 
as it escapes from effervescing liquids, it produces a pungent sensation in tlie re- 
H) lirab-yry organs, but it cannot be said to have any decided odour. It is incombustible, 
:iml immediately extinguishes a burning taper, also the flame of sulphur or phosphorus ; 
but fHttassium heated to redness in thediy gas, decomposes it completely, burning with 
a rod light, and producing a deposit of clupcoal mixed with coilionate of potassium. 
S^nfinm decomposes it in like manner, but without becoming ml-liot. Phtnm)tnrn$ and 
in presence of an alkali, likewise alwtnict all the oxygen at a red neat. Hp- 
charcoal^ iron^ and einc^ at a red heat, abstract half the oxygen, converting 
I ho' carbonic anhydride into carbonic oxide. It is also resolved into carbonic oxide and 
oxygtm by the passage of electric sparks, if hydrogen gas, mercury, or some other 
iiiWul is present to take up the oxygen ; otherwise, the spark immOiliately causes the 
p;is<‘s to recombine. Griming phintSy or the loaves anu other green parts separated^ 
from the plant, but still in the fresh state, decomivwe carbonic anhydride completely 
under the influence of daylight, and more rapidly in direct sunshine, abstracting the 
wliolc of the carbon, and setting the oxygen free. If some fn?sh loaves of any plant 
1 k' |rlii(!cd in an inverted receiver, fllled with water cont-iining carbonic acid, and stand* 
ing over water, and the whole be exposed to the sun, a considerable quatirity of 
oxygen gas will collect at the top of the recei\*er in a f«?\r hours. This action of 
growing plants is the chief cause which prevents the continual accuiniilation of car- 
U>nic anliydride in the atmosphere, and keeps the proportion of it nearly constant. 
(.Sec Atmosphere, p. 438.) 

Ili'specting the mode of determining the composition of carbonic anhydrides see 
p. 769 . Its density corresponds to 2 volumes of vapour : 

K 0-0693 - 22 K 0-0693 - 1-6246 

ami at pre.ssnres and temperatures considerably above its liquefying point, it containfl 
u vtiliiiiio of oxygen exactly equal to its own. 

Liquid Carfumic Anhgdrid ^^ — Carbonic anhydride passes to the liquid state at 0® O. 
HmltT a pressure of 36 atmospheres, faraday effected the liquefaction by evolving the 
gjm from carbonate of ammonia, by the action of sulphuric acid in a sealed tube (see 
* 'ASKS, Condensation of), but the method is dangerous, and yields hut a small quantity. 
The liquid acid is however obtained safely and in large quantity, liy the method of 
Tliiloricr (Ann. Ch. Phann. xxx, 122). The apparatu.'i consists of two very strong 
cylinders, capable of holding 6 litres or pints, made of cast-iron, or better, of lead 
slii-aihed witn copper, and strengtheneil with a wrought-iron armature; t^ey rest 
two pins placed at the middle of their length on cast-iron supiions, so that thdy may 
bi* placed either vertically or horisontally, and swung backwards and forwarrls. Into 
one of these cylinders is introduced 1800 grammes of acid carlsinate of sodium, and 
4 litres of water (or 4} lbs. of the soda-salt, and 7 pints of wilder), and a copper tube 
containing 1000 grammes (or 2J lbs.) of strong sulphuric acid, is likewise int^uced 
in a vertical position. The cylinder is then tightly closed by a cock of peculiar con- 
struction, and swung to and fro, to anise the amd to mix gradually with the carbonate. 
Th«* gas is then evolved, and not being able to esci^ie, becomes so much condensed that 
it passes to the liquid state. This part of the operation requires care, as, if the mix- 
ture lie made too rapidly, great heat will be evolved, and the tension of thegqg 
enormously increased. A fatal accident happened in Paris from this cause* Wben 
the action is supposed to be complete, the generating cylinder is to TOmmurucat^ 
by means of a copper tube, with the second c^Uiider, which in pjufed horwmt^y, and 
provided with a stopeoek like the first. This cylinder being slightly eoolcd, tlic «»• 
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bonic anhydride dirtili oirer fiom firsts which is still wa^ and ^ndenses la thi 
liquid state. After about a minute the cocks are closed, the flinders separated, tho 
charge in the first renewed ; and this series of operations is repeated severu times, till 
the second cylinder is about two-thirds filled with liquid carbonic anhydride. 

Liquid carbonic anhydride is colourless and very soluble in alcohol, ether, and rob. 
tile oik, but does not mix with water. Specific gravity 0*90 at — 20®C. ; 0*83 at 
O^ C.; 0*60 at + 30° C. (Thilorier). Its tension at different temperatures is shova 
in the following table. 


Temp. C. 

Tension in Atmoapheres. 

Temp. C. 

Tenilon in Almoapherea. 

Faraday. 



Mareska 

and 

Donny* 

BS 


— 

4-6 


— 5*00 

83*1 


4S*8 

77 


0*0 

38*5 


aS'fi 

12*5 


+6-3 



30.S 

lfi*4 


10*0 



SSI 

17*8 


1.V5 


57 

son 

ai-8 

33*6 

190 


63 

1»0 

24*7 

25*3 

23*5 


68 

12*3 

36*8 


27 0 


74 

100 


27*5 

30*7 


80 

9*4 i 

39*1 


34*5 




Solid Carbonic Anhydride . — ^When the liquid anhydride is suddenly relieved from 
the pressure under which alone it can exist, part or it flashes instantly into vapour, 
and in so doing produces so great a degree of cold, that the remaining portion of the liquid 
solidifies. To obtain the solid anhydride, the receiver containing the liquid is provided 
with a tube passing through its side, and reaching nearly to the opposite side, so that 
when the cylinder is set horizontally, this tube dips into the liquid. On openings 
stopcock provided for the purpose, a quantity of the liquid is forced out by the pressure 
of the gas above it, and fofms a white cloud of the solid anhydride, as it issues into 
the air. By causing this jet of vapour to pass into a cylindrical metal box, having 
within it an iuelinod metal tongue, against which the jet of liquid and vapour im- 
pinges, and is thus mode to circulate within the box for some little time before it 
finally escapes, a considerable quantity of the solid anhydride may be collected in the 
form of a white flocculcnt mass like snow. 

Solid carbonic anhydride may be left exposed to the air for some little time without 
evaporating, hewiuse, like all flocculent substances, it conducts heat but slowly, Its 
tension is 1*14 atmospheres at - 99*4° 0. ; 1*36 at — 77’2°; 2*28 at — 70'6°; 3*6 at 
—63*2°; 4*6 at — 69*4°; 6*33 at —67*0 (Faraday). An air or spirit thermometer 
immersed in it sinks to — 78°C. Notwithstanding this low temperature, the solid 
substance may be placed on the hand without occasioning a very acute sensation of 
co d, because it does not come into close contact with the skin, being separated from 
it by a film of vapour ; but if pressed between the fingers, it produces a very painfiil 
sensation, and raises a blister like a bum. By mixing it with ether, its heat-conduct- 
ing power is greatly increased ; it therefore evaporates more quickly, and produces 
much more powerful trigorific effects. Mercury poured into it solidifies instuutly to a 
mass like lead. The cold which it produces is sufficient to liquefy sulphydric acid, 
chlorine, nitrous oxide, and several other gases. The intensity of the cold may be still 
farther increased by placing the mixture under an exhausted receiver. The tempi- 
rature then sinks to a degree at which the liquid anhydride is not more volatile than 
water at 30° and alcohol assumes the consistence of a thick oil, but does not solid tfv. 
By exposing to this bath, tubes of glass or copper in which gases have ^n oomprestad 
by a forcing pump to 40 atmospheres, Fantday has succeeded in liquefying all the 
known gases, excepting oxygen, hydrogen, nitric oxide, carbonic oxid^ and marsh-gaa. 
and in solidifying.^ considerable number of them. Carbonic anhydride itself exposed 
to this tempemture and pressore, is reduced to a vitreous transparent mass. 

Carbonic Acid . — Gaseous carbonic anhydride dissolves in about its own voIuths 
of water at ordinary temp^tures, forming a solution of specific gravity 1*0018. B 
has a sharp and slightly acid taste, turns the blue colour of litmus to wine-red, partially 
neutralkes alkalis, and dissolves the carbonates of bariunsi strontium, calcium, mag- 
neshun, Ac. It, therefore, possesses acid properties, and from the comrosition of the 
carbonates, we may infer that it contains an acid of the composition H*CO*. But this 
acid cannot be isolated, as heat, dinainiahed pressure, or congelation immediately ^ 
solves it into water and cu^nic anhydride. In short, oarlmnie acid as a defiuits 
compound cannot be said to be known. 
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- Th^ ’▼dame of carbonic anhydride diarolved by water at a given tempetHtuvCi ia 
iMMifly same under all pressures ; consequently the wi^ht of the gas absorbed iu« 
creases in nearly the same pro^rtiou as toe pressure. l%is role must not| howeyer. ' 
l>e understood as strictly true, for Kegnault has shown that the Tolume of carbonic 
anhydride does not vary exactly in the inverse ratio of the pressure. 

Under a civen pressure, the volume of gas absorbed diminishes as the temperature 
rises. At the boiling heat, the wlmle of the gas is driven off; hence carbonic aeid 
water holding an earthy carinate in solution deposits it when the liquid is boiled. 
This is the cause of the furring of kettles, boile^ &c., in which spring or river-water 
containing carbonate of calcium dissolved in this manner, is boiled. 

The coefficients of absorption of carbonic anhydride, that is to say the volumes 
(reduced to 0° C. and 0760 met) which 1 vol. of water absorbs under the pressure of 
0760 met and at various temperatures, are as follows i 


Temp. 

Vol. of Oaa 
absorbed. 

Tem^ 


Vol. of Oaa 
abaorbad. 

O^C, . 

. 1*7697 

120 C. ^ 


. 1-1018 

2 

. 1*6481 

14 

s 

. 1-0321 

4 

. 1*6126 

16 

• 

. 0-9768 

6 

. 1-3901 

18 

• 

. 0*9318 

8 

. 1-28C9 

20 


. 0*9013 

10 ... 11847 

(Bunsen’s Gosometiy. See also the article Gasbs, Absobptiob of.) 



Water which has been saturated with carbonic acid under pressure, gives it up with 
brisk effervescence as soon os the pressure is removed. The Mtrious kinds of aerated 
water, 9 oda-water^ effervescing lemonade^ &c., consist of water impregnated by mecha- 
nicnl pressure with large quantities of carbonic acid, and flavoured with various saline 
and other ingre^ents. (For a description and figure of Tylor's soda-water machine, 
see JJtds Dictionary of Arts, Manu/actuf^ and Mines, iv. 728.) Champagne and 
other effervescing wines and l^ttled beer likewise owe their sparkling properties to 
the presence of this gas; but in these liquids the oarbonie acid is proftue^ by thfr 
fcruientation itself, the wine or beer being bottled before the fermentation is complete^ 
wliendiy a considerable quantity of the ga% which would otherwise eecape into the ail^ 
is retained. 

For tlie behaviour of aqueous carbonic acid to bases, see Cabbonatbs. 

Pkotoxudb OF Gabbon. Gaubonio Oxxdb. CO. — This compound; whiich is 
known only in the gaseous state, was discovered towards the end of the last century by 
Lassoune and by l%estley ; but its true nature was first recognised some yean for- 
wards by W oodhouse (Gilbert’s Annalen, ix. 423). It is pnxlucod : 1. By the owt* 
dation of carbon at veiy high temperatures^when the supply of oxygon is not sufficient 
for the complete conversion of the carbon into carbonic anhydride (p. 763). — 2. When 
carbonic anhydride is exposed to a red heat in contact with hydrogen, esrbon, metahi^ 
or other bodies which can abstract part of the oxygen : hence it is ahrays proceed’ i!i 
charcoal or coke fires, when the draught of air has to pass upwards through a con- 
siderable mass of red-hot fuel, and is ^e cause of the blue flame almost always seen 
on the top of such fires. — 3. It is also formed, together with hydrogen and' earbontd 
anhydride, when vapour of water is passed over r^-hot coke or charcosl. A sample 
of the gaseous mixture thus formed was found by Bunsen to contain 66*03 volumes per 
cent, of hydrogen, 29*16 carlronic oxide, 14*66 carbonic anhydride, and 0*17 carburetted 

hydrogen 4. Carbonic oxide is produced, either alone or together with carbonie 

anhydride, in the reduction of metoUie oxides by carbon at a strong red heat» The 
gas evolved from iron blast-fbmaoes contains from 26 to 32 wr cent., that firom coppst> 
refioing furnaces from 13 to 10 pc^r cent, carbonic oxide (Bunseiu Pogg. Aon. xlvi. 
193; L 81). — 6. In the dry distillation of many oiganic compoundiu-— 6# Xu iths* di- 
composition of oxalic acid and formic aeid by strong sulphuiie aridi 

C»H*0« - CO + CO* 4 H*0 
Osalfe 
acid. 

CH*0» - CO 4 H*0 

Forniie 

add. 

7* In the dscompositum of eiystallised fsBOfysoido of poiasrium by oulpboao scid 
(Fownss): « 

K«Fs"C*N*.3HH) 6HW* 4 8HH) • 600 4 3(NH«)*SO* + 2KTO* 4 B/00* 

^***ai^ 5 ?KSi: 


30 3 
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Preparation, — 1. By heating to redness in a gun-barrel fitted with a gaa-deliTeit 
tal>e, a mutture of oxiefe of iron, zinc, lead, or cop^r with charcoal or graphite ; or^ 
ail alkaline or e^irthpr carbonate (chalk for example) with graphite, charcoal, or inm 
filing ; or by passing carbonic anhydride repeatedly over rra-hot iron or chaicoaL 
By either of those motliods, carbonic oxide is obtained mixed with carbonic anhydride, 
from which it may be freed by passing the gas through milk of lime or strong potash ; 
it may then be collected over water. The charcoid iised must be previously well ignited 
to free it from moisture and absorbed gases.— 2. By heating in a fiask a mixture of 
oxalic acid, or an oxalate, or a formate, with excess of strong sulphuric acid, and remov- 
ing the carbonic anhydride evolved when oxalic aci<l or an oxalate is used, as before.— 
3. When crystallised ferrocyanide of potassium, in the state of powder, is heated in a 
flask with eight or ten times its volume of sulpliuric acid, carbonic oxide is evolved 
quite free fioni carbonic anhydride, and mixea only with a small quantity of vapour 
of hydrocyanic acid, resulting from another reaction whicli takes place at the same 
time, if the quantity of water present is more than sufficient for the aljove decomposi- 
tion (see FERHocYANiniis). This is the most convenient mode of preparing carbonic 
oxide. Care must, however, he taken not to raise tho heat higher than is necessary 
for the complete liquefaction of the mixture; for at tliat point the evolution of carbouic 
oxide ceases, and if the lieating be continued, the excess of sulphuric acid acts on the 
ferrous sulphate produced, conv'crting it into ferric sulpha to, and being itself reduced 
to sulphurous anhydride, which escapes as gas and mixes with the carbonic oxide. 

Praptrtits,-- Carbonic oxide is a colourless gas of specific gravity 0*967U9 (Wr ede) ; 
its molecule GO therefore occupies two volumes : 

12 + 16 

^ X 0 0693 = 14 X 0*0693 « 0*9702. 

It is perfectly neutral to vegetable colours, and very sparingly soluble in water, 
which, according to Bunsen, dissolves only 0*024 or about of its bulk at 16° C. It 
is a very poisonous gas, acting chiefly on the nervous system, causing giddiness when 
inlialed, sometimes also acute pain in various ports of- tho body, and after u while 
complete asphyxia. According to Leblanc (Ann. Ch. Pljys. [3] v. 223), it is to 
this gas tliat the sufiTocating quality of air in which charcoal has been burnt is chiefly 
due. 

Carbonic oxide does not support the combustion of bodies which Imrn in oxygen, 
but in contact with the air it takes fire on the approach of a burning IkkI/, and liin*ns 
with a blue flame, producing carbonic anhydride. Mixed with excess of oxygen, it 
may be ex{)loded by the electric spark, 2 vols. of it then uniting with 1 vol. oxygen 
and producing 2 vol. carbonic anhydride CO-. Now as 2 vols. CO* contain 2 vols. 
oxygen, it follows that 1 vol. oxygen must have been derived from the carbonic oxi<lo. 
Hence carbonic oxide contains half its own volume of oxygen. Now tlie weight of 
2 vola carlKinic oxide, compared with hydrogen, is 28, which, diminished by 16, tho 
weight of 1 vol. oxygen, leaves 12 for the weight of 1 atom of carbon. Hence in carbonic 
oxide the same weight of carbon is united with exactly half as much oxygen as in 
carlionic anhydride. 

The combustion of carbonic oxide may be brought about by contact with platinum, 
A wire or foil of the metal requires to be heated to 300° C. to induce the combustion : 
spongy platinum acts at ordinary temperatures, without becoming sensibly heated ; 
but platinum-black introduced into the mixture of carbonic oxide and oxygen becomes 
zed-hot and produces explosion. 

Carbonic oxide reduces certain metallic oxides at a red heat, viz. the oxides of copper, 
lead, tin, iron, &c. It plays indeed an important part in the smelting of many metals, 
especially of iron. 

Carbonic oxide is rapidly absorbed by a solution of cuprous chloride in hydrochloric 
acid, also by ammpnical solutions of cuprous salts. This reaction afford an excellent 
method of removing carbonic oxide from a |^eous mixture (p. 283). It reduces 
gold from the neutral solution of its chloride without the aid of heat 

Carbonic oxide unites directly with chlorine^ forming oxychloride of carbon or phos- 
gene gas : also with potassium, (See J^otassium.) 

It is absorbed by hot hydrate of potassium^ yielding formate of potassium, 
CO -f K.nO B CllKO*. (Berth elot, Ann. Ch. Phann. xeviL 125.) 

CAmsOM, OXTOnOKAB 03P, COCl* or Chloride of Carbonyl (CO)" d*. 
ChlifrocarhoHic oxide, Chlorocarhonic acid, Phosgpue, — This oompound was mscovered 
by J. Davy (Phil. Trans. 1812, p. 144), who obtained it by exposing to the 8nn*s ram 
a mixture of equal volumes of chlorinO and carbonic oxide. The mixture m^aiuly 
becomes colourless and contracts to half its original Tolume. The sumo ae&n takes 
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riace Blowly'in diAised daylight ; none whateTer in tbe dark, name phcaMae 
^^nally gi^en to the gas sigpiiftes a compound formed by light 

Oxychloride of carbon may be moie oouTenienUy prepaied by passing 
oxide into bending pentachloride of antimony, that eompound being at the same time 
reduced to trichloride. The gas must be received over mercury, as water decompoeea 
it (Hofmann, Ann. Oh. Pharm. Ixx. 139). It is likewise mMueed when ca^nio 
oxide is passed over red-hot chloride of lead or chloride of silver, and In the ibUowiiig 
decompoeitions of organic bodies : 

a. Hy the dry distillation of trichloracetatM: 

C*Cl*MO* « COOP + CO + MCI 

b. By the dry distillation of certain perchlorinated methylic ethers, c. o. of the /or* 
wMi<r,C*a«0* = 2COCP; and of the oxo/irfe, C*C1H)* - COOP + SCO. 

c. By the action of a huge excess of strong sulphuric acid on the so-called sulphite 
of tetrachloride of carbon (p. 766) : 

CCPSO* + H*0 - COOP ^ 2nCl + SO* 


Oxychloride of carbon is a colourless gas having a suffocating and tear>ezeiting 
odour. Its specific gravity is 3*6808 (Davy), 8*4249 (Thomso^; calculated to a 
condensation to two volumes, it is 


12 16 + 2 . 36*5 

2 


X 0*0693 


8*430. 


Its refracting power is 8*936. It reddens moistened litmus-paper ; does not fbme 
in the air. 

Oxychloride of carbon is decomposed by water, yielding carbonic anhydride and 
h ydK^hloric acid : 

COCl* + H*0 - CO* + 2HCI 

When m»ed with an equal volume of hydrogen and half its volume of oxygen, it 
explodes violently on the passage of an electric spark, yielding the same products. 
Mixed with oxygen or hydrogen alone, it is not exploded the electric spark. 

Arsenic and antimony neatm in tbe gas take up the chloruie, and leave carlxinic oxide 
equal in volume to the original gas. Many me^lic oxides, osM: of einc, for exsmpl<% 
decompose it with the aid of heat, forming a chloride of the metal and carbonic an* 
hydride equal in volume to the original gas. Trioxids of antimony produces tri* 
chloride and pentoxide or tetroxide of antimony, leaving carbonic oxide. 

By alcohols it is converted into chlorocarbonic ethers, c. y, ; 

CL 

With ammonia aas, oxychloride of carbon produces carbamide (p. 762) ami chloride 
of ammonium. With phenylamine and many other otganic bases, it reacts in like man- 
ner, forming substitution-derivatives of carbamide. 

OAHSOWf flUXiVKISU OV. Only one of these compounds is known with 
certainty, viz. the disulphide corresponding to carbonic anhydride. The formation of 
a protosulpbide, analogous to carbonic oxide, was announced, in 1867* by BaodrinumV 
but hie statements have not been oonfirmecL (*See page 777.) 

Disulphidb of Cxbbon. CS*. Bisvlphide of Carbon, Sulphooarbomc Add* 
(Lamjpadius, Oeblen's N. al%. Journ.d. Chem. ii. 192; C16ment and Dcsorme% 
Ann. Chim. xUi. 121; Vauquelin and Kobiquet, ibid, IxL 146; BerthoUeV 
Tb4nard, and Vauquelin, ibid, Ixxii. 262; Berzelius and Maroei, Bohw. J. hL 
284; Berzelius, GiJb. Ann. xlviii. 177; Pogg* Ann. vi. 144; Zeise, Schw. J. xxvu 
1; xlL 98, 170; xliii. 160; Couerbe, Ann. Cli. Phys. [2] IxL 226; Kolbs, Ann. Ch. 
Phiurm. xlv, 63; xlix. 143; Pelouze and Fr4my, iVaiti de Chitnie, 4"* 4ft i.928).— * 
This compound, which was discovered by Lampadius in 1790, is produced hy the 
<Brect combination of sulphur and carbon at high tempf^ratur^ and in the decomposi- 
tion of many oxgauic compounds. Sulphur and carbon do not combine when simply 
heated together in the soM state, because the sulphur volatilises before the requisitt 
temperature is attained; but if charcoal be heated to redness and sulpfanr-vaponr 
passed over it, the carbon bums in that vapour, forming OS*. 

For preparing small muntities of the dis^hide, a porcelain tube is flUed with , 
nients of charcoal, and inserted in an inclined position through a funoace having hms 
in its sides. The umier extremity of the tube is closed with a cork, and the lower Ito 
connected by a bent glass tube, with a te^e oontaining water, the lower end of ths^eni 
tube passing thrown the corit and dipping Just below the surfoee of the vatmr> WIms 
* 8 n 4 
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the charcoal is red»hot, the upper end of the tube ia opened and a {dece of etilphiir pal 
in ; the sulphur melta and runs down to the lower part of the tube, where it yolstili^ 
and combines with the carbon, forming disulphide of carbon, which passes off \n 
vapour and condenses in the liquid form at the TOttom of the water. For larger quan* 
titles, a tubulated eaithen retort is used, having a porcelain tube passing tlirough the 
tubulus, and reaching nearly to the bottom. The retort is tilled with charcoal, heated to 
i^dness in a furnace, ^d bits of sulphur dropt in through the tube. The neck of the 
retort is connected with a condensing tube kept cold by a stream of water, and passing 
into a reemer containing cold water as above described. The sulphide of carbon whi^ 
collects at ihe bottom of the water is not pure, but contains excess of sulphur. It ia 
purified by distillation at the heat of the water-bath, the sulphide of carbon then 
volatilising and the sulphur remaining behind. 

JVegwr^/fS.— Disulphide of carbon is a. colourless, very mobile, strongly refracting 
liquid, having a faint and peculiarly unpleasant odour. Its refracting power is r64d. 
Specific gravity 1'293 at 0® C., and 1*271 at 16®, Boils at 46*6® under ordinary pres- 
sure, and evaporates quickly at ordinary temperatures, producing great cold. Vapour- 

density « 2*67, corresponding to 2 vols. ^ — x 0 0623 = 2-63]. It is inso- 
luble in water, to which, however, it imparts its odour. Alcohul and ether mix with it' 
in all proportions. It dissolves sulphur, phosphorus, and iodine; sulphur and phos-' 
phonis separate from it by spontaneous evaporation in well defined eiystals. It dis- 
solves camphor and mixes easily with oils, both fixed and volatile. 

BKConvpositions. — 1. Disulphide of carbon is very inflammable, and bums with a 
blue flame, producing sulphurous and carbonic anhydrides. — 2. The vapour passed orer 
various metallie oxid<s at a red heat, yields the same gaseous products, together with a 
metallic sulphide; the sulphides thus formed are generally crystallised, and resemble 
those found in nature. Sulphide of carbon is indeed one of the most powerful sul- 
phurising agents known, affording the means of producing several metallic sulphides 
not otherwise obtainable (Fr6my). It likewise converts oxides into sulphides when 
heated with them in sealed tubes; with water at 160 C. it yields carbonic anhydride 
and sulphvdric acid (Schlagdenhauffen, J. Pharm. [3] xxix. 401).— 3. The vapour 
is strongly attacked hy nitric acid, yielding sulphuric acid and nitrous vapours. 
— 4. Sulphide of carbon heated with chloredes or hppochloritis reduces them to 
chlorides^ with evolution of carbonic anhydride and de^sition of sulphur. — 6. Heated 
with aqueous iodic add in a sealed tube, it yields hydriodic acid, together with free 
iodine and a deposit of sulphur, also sulphuric acid, sulphydric acid, and carbonic an- 
hydride. Two reactions appear to go on at once, viz. : 

2HIO» + CS* := P + CO* + H*SO* + a 

2HIO* + 2CS* + 2H*0 « 2CO* + 2HI + H*S0* 4- IPS + S*. 

The liquid is at first coloured violet by the free iodine, but on increasing the heat, the 
colour disappears, in consequence of the action of the sulphvdric acid on the iodine, 
which produces hydriodic acid and free sulphur, the latter imparting a straw-yellow 
colour to the liquid (Pelouze and Fr6my). — 6. Bromic add acts in like manner.-^ 
7. Many metals decompose disulphide of carbon at a red-heat, taking np the snlphur 
and setting the carbon free, — 8. A mixture of sulphide of carbon vapour and sulphy» 
dric acid gas passed over red-hot copper yields sulphide of copper and marsh-gas 
(Berthelot) : 

CS* + 2H*S + Cn* - 4CuS + CH*. 

9. With nascent hydrogen, sulphide of carbon yields solphydric acid, a ciystslHsed 
body, CH*S, and an oily substance not yet examined (Girard, Compt rend, xliii. 39). 
— 10. Di^ chlorine converts it at a red heat into tetrachloride of carbon ; at oidinaiy 
temperatures, into eulphochloride of carbon, CSCl*; but with moist chlorine it yields 
triehloroniethylsulphurous chloride (the so-called sulphite of tetrachloride of carboti, 
CCI*.80*C1 SO*.CCP) (Kolbe). — 11. 2?ro7ni»s and sulphide of carlion do notact 
upon each other when piussed through a red-hot tube. — 12. The fixed caustic alkalis 
gradnally dissolve disulphide of carbon, forming a brown solution, which is a mixture 
of carbonate and sulphocarbonate of the alkali-metal (Zeise) : 

3CS« 4* 3K*0 - K*CO* + 2K*C8*. 

IS. With alcoholic potash it yields carbonate and ethyl-oxysnlphocarbonate (zanthate) 
of potissiuni, which forms a yellow precipitate with copper-salts (Zeise) : 

All ai|Deou8 or alcoholic solution of caustic potash, boiled with disulphide of carhop 
fimus with lead-salts a bladt precipitate of smphide of lead, which affiirds a very deli- 
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It is instanMj produced 

«f that eompouid into a boiling solution of nitrate of lead 
coloration being obtained, even with a liquid eont&iniug 
carbon in a quart of wato.— 14. With aquuoits ammonia^ 

■ulphocyanate of ammonium, without any carbonate (Zeise^ : 

20S* + 4NH* . (NH*)*CS» + NH\CNa 

16. With a saturated solution of ammonia-^as in anhjfdrous alcohol^ it yields the same 
products, together with sulphocarbamate of ammonium, produced by the siu^ union 
of ammonia with the disnlj^de (Zeise): ” 

CS* + 3NH* - (NH*cfe).NH* a 


on dropping a dilute solution 
containing potash, a distinct 
f only a drop of sulphide of 
it formsmol^ocarbonate and 


16. With trifthylpl^hins it unites directly, forming a compound P(C*H»)»CS» 
which crystalliaes in splendid ruby-coloured prisms. The reaction affords an ex- 
Iremely delicate test for the presence of either of tho constituent substances, and is es- 
pecially applicable to the detection of sulphide of carbon in coal-gas. When a stream o! 
the gus, purified from sulphuretted hydrogen in the usual manner, is passed through a 
solution of triethylphosphine in ether, contained in a bulb apparatus, a red colour scon 
appears in the liquid, and when sufficient gas has been passed through the liquid to 
evaponite the ether, the bulb-apparatus is seen to be lined with a network of tho n?d 
ciystals. (A. W. Hofmann. Ann. Ch. Pharm. cxv. 296.) 

The sulphocarbonates M*CS*, or boar to disulphide of carbon the same 

relation that the carbonate M*CO* bewr to carbonic anhydride. Moreover by treating 
eulphocarbonato of ammonium with dilute sulphuric or hydrochloric acid, an oily, vejy 
acid liquid is precipitated, consisting of sulphocarhonic acid, 

PuoTostTLPHiDBOFCARBON. CS.— As already observed, it is doubtM whether 
this compound, tho analogue of carbonic oxide, has yet been obtained, though there 
can be no doubt as to the possibility of its existence. Bandrimont (Compt rend, 
xliv. 1000), states that it is obtained tolerably pure by passing the vapour of the di- 
sulphide over red-hot spongy platinum or pumice, and washing the resulting gas with 
solutions of acetate of lead and cuprous chloride, to free it from sulphydrie acid and 
carbonic oxide, resulting from the action of air and moisture remaining in the 
materials The gas thus obttiined is described as colourless, smelling somewhat likd 
the disulphide, not liquefiable at the temperature of a mixture of ice and salt; soluble 
in its own bulk of water; decomposed by lime-water into sulphide of calcium, and a 
volume of carbonic oxide equal to its own t Ca‘‘*0 + CS Ga% -r CO ; and yielding 
when exploded with oxygen, equal volumes of CO* and SO*. 

Bau^mont likewise obtainea the protosulphido, but mixed with sulphydrie acid and 
car^nic oxide, by passing the vapour of the disulphide over red-hot charcoal ; by the 
action of sulphydrie acid on carlwnic oxide at a red heat (CO + H*S H*0 + CS), 
and by several other processes. 

Play fair (Chem. Soc. Qu. J. xiii. 248) endeavoured to prepare tho protosulphido 
by |)ai}sing the vapour of the disulphide oyer red-hot pumice, but obtainea nothing but 
a mixture of carbonic anhydride, carbonic oxide, sulphydrie acid, and nitrogen, satu- 
rifwl with vapour of disulphide of carbon ; he observil no deposition of sulphur in the 
ml-hot tnbe, though Baudnmont states that it choked up the exit-tube of his apparatus. 
Playfair attributes the formation of these gases to air and moisture retained by the 
pumice, though it bad been prerionsly ignited, or introduced into the tube together 
with the disulphide. He is of opinion that Baudrimont's gas, which yielded eiplo- 
sjon with oxygen, equal volumes of SO* and CO*, was a mixture of equal Tofumes of 
CO and vapour of CS*, which at common temperatures, and under the diminished 
pressure existing in the eudiometer, would have sufficient tension to difihse itself ill 
vawmr through fiie carbonic oxide. 

In fiice of these contradictoxy results, the question as to the actual formatioii of pro* 
tosolphide of carbon must for the present be considered as undecided. 

smEdPXOOHMSXIia or. CSCl*.— This compound, the analogue 
1 discovered ^ Kolbe ^Ann. Ch. Fharm. xlv. 63), and is product: . 

VI ? action of dry chlorine on disulphide of carbon at ordinaiy tempemturMj^ 
chloride of sulphur being formed at the same time : CS* + Cl* SCI* ^ CSCI*. A few 
femmes of the disulphi^ are left exposed for a few days to the action of perfectly dipr 
chlonne in a closed flask, either in the dark or in sunshine; the resulting liquid qi 
Jlig^ed with water to decompose the chloride of sulphur, and the ^maitiiog oily 
liquid is freed foom the aeid products thereby forme<b by repeated ^stillation with 
water and a small quantity of magnesia. It is essential to the prodnetion of ibis cotn* 
that the materials be perfectly diy, as if moistors is present, another compound^ 
tnchlm-inethyl-solphurottii a<^ is obtained (p, 776). At a beat, s (uffei^. 



action takes pJae^ and tetraeblorida of earbcp is prodaeed. — 2, Bv pMdng a 
of sulphydric acid and Tapour of tetradiloride of carbon throngn a tube kem m* » 
moderate led beat: Cd^ + H*S - 2H01 + CSCI* ^ w t 

Suljphocbloride of carbon is a yellow liquid, not misciblo with water, harioir 
peculiar and powerful odour, very irritating to the eyes. Spedfic grarity Hj, 
Jioiling point 70° C. These numbers probably require correction, as it is very difficult 
to obtain the compound free ftom sul^nide of carbon. It is not decomposed by water 
, or a^ds, not even by fuming nitric aci^^ Caustic TOtash decomposes it slowly, form, 
ing carbonate and sulphide of potaasiunf, and tetracnloride of carbon : 

2CSC1* + 3K*0 » K*CO* + 2K*S + Cd*. 

OAimpVAT&B. The carbonates form a numerous and important class of salti^ 
nmny of J^ich occur as natural minerals. They are usually divided into normal^ batie^ 
and ac^^l^bonates, the normal or neutral salts having the composition 


M*CO* « M*O.CO* 




O*. 


The basld carbonates, however, all contain water, and by regarding the whole or part 
of this w&ter (or hy^gen) as basic, the carbonates, like the borates, phospliates, and 

silicates, may be divided into ortho-carbonates, M^CO^ — audmetaeaz^ 

bon ate 8, M*CO*, — or more generally orthocarbonates « andmetaear- 

bonates » the latter including the salts usually regarded as neutrul 

carbonates. Kearly all the precipitates obtained by adding a solution of an alkaline 
carbonate to a salt of a heavy metal, contain water, and may be represented by one or 
other of these formulae. It is difficult to say whether the ortho- or the meta-carhonates 
are the more numerous ; but the carbonutes of the stronger bases, viz. the alkali-metals 
and alkalme-earth metals, are certainly meta-carbonates. Only a few acid carlionates 
are known as definite salts, viz. those of potassium, sodium, and ammonium, and these 
are metacarbon ates containing hydrogen, c.y. monopotassic metacarbonate, or diaciil 
carbonate of potassium, (KH)CO". 

Carbonates are formed by the action of carbonic acid, or the joint action of water and 
carbonic anhydride, on metallic oxides or hydrates, not in any case by the union of 
carbonic anhydride with an oxide without the intervention of water. Lime-water, or 
milk of lime, absorbs carbonic anhydride rapidly, forming carbonate of calcium ; but 
perfectly dry carbonic anhydride may be passed over anhydrous lime without ab- 
sorption. Even diy hydrate of potassium, KHO, absorbs carbonic anhydride but 
slowly, and soon becomes covered with a crust of acid carbonate of potassium (KHO + 
CO* « KlICO*), which protects the rest from alteration ; but the moist hydrate, or 
tJic aqueous solution, absorbs it with the greatest avidity ; similarly with other bases. 
The carbonates of the earth-metals proper and heavy metals are most easily obtained 
by jirecipitating a soluble salt of the metal with an alkaline carbonate ; but the pre- 
cipitate, us already observed, almost always contains water, and very rarely has the 
composition of an anhydrous metacarbonate M*CO*. The sesquioxides, alumina, 
ferric oxide, chromic oxide, uranic oxi^f, &c., do not absorb carbonic anhydride even 
when moist, and their solutions, when mficed with alkaline carbonates, yield precipitates, 
not of carbonates, but of hydrates. Metals like zinc and iron, which readily replM 
.hydrogen in add solutions, may bo converted into carbonates by simply immersing 
them in water oontaining carbonic acid. 

Carbonates are also formed in the decomposition by heat of organic salts of the 
Utronger bases, viz. of the ulkali-metals and of the alkaline-earth metals. Oxalates are 
resolved into carbonates and carbonic oxide, without separation of carbon ; 

cm*o* » CM*o* + CO 

formates into carbonates, with evolution of carbonic oxide and hydrogen, and slight 
separation of carbon : 

2CHMO^ - CM*0» -I- CO + H*. 

The salts of most other organic acids yield a considerable quantity of free carbon 
besides combustible g^es ; acetates and the salts of other fatty adds, and a few others 
are resolved by dry ^tillntion into carbonates and acetones (pp. 31, 32). 

The carbonates of ammoniu^ potassium, and sodium are easily soluble in water ; 
carbonate of lithium dissolves in about 100 pts, of water ; the carbonates of all other 
metals- are insoluble, or nearly so, in water ; but all are slightly soluble in water 
containing free carbonic*add. Add carbonates are doubtless formed in this case ; 
but none of ''these, excepting, the add carbonates of the alkali-metals, can be ob- 
tained in the solid state, as tl^ solutions, when boiled or evaporated, give off rar- 
bonic anhydride and deposit neutral carboilate. All metallic carbonate^ exceptiitg 
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jttfboiut f t ammonfnitt, ate liUK^Ua In aleolioh GHTbo]iat4^s of oifpinfc alkalia nre 

mOBt part soluble hk water and in alcohol; , carbonates of alcohol-mdiolsfv in- 

•olttble in water, soluble jn aleohoL » 

Most carbonates are easuy decomposed ^ heat The carbonates of the heary nielals 
M all decomposed at a low red heat giving off carbonic anhydride, and leaving a 
^duo of metal or of oxide. The carbonates of the earth-metals proper, and of calelum 
and strontium, require a stronger red heat to decompose them ; carbonate of bariifp is 
dccompos^ only at a white heat ; and the wbonates of the alkali-metalsi whsii dr:jL 
Ksist theaction of the strongest heat exeepffiig when a corrent of dry air or other gas 
iTnawd over them; in that case carbonate of sodium yves up a small quantity of 
wlwnic anhydride, and carbonate of lithium a considerable quantity. (H. Bosa.) 

Nearly all carbonates are more or less decomposed by water, with the beat 

those of the weaker bases even at ordinary temperatures, so that 
lK>nates are very apt to undergo' partial decomposition during wasbinj^pKreil tlie 
carbonates of barium, potassium, sodium, and magnesium are converted Hirbydrates 
when heated to redness in a stream of aqueous vapour; partially in g stream of 
moist air or hydrogen gas : the carbonates of barium and potassiuihmo suffer any 
decomposition in a current of dry air or hydrogen. (H. Hose, Pogg* Aillfi Ixxxv. 90, 
279; Jahresber. f . Chem. 1862, p. 809.) ^ j* .j i n 

Carbonates are decomposed, with evolution of carbonic anhydnde, l^<aearly all 
acids, even at ordinary temperatures, and at a red heat by mon^r acids whcoe salto m 
tliemselves decomposed at ordinary temperatures by carbonic acid, e,ff. by bone, silicic, 
and several metallic acids. The effervescence which accompanies the decom^tiou 
affords a ready indication of the presence of a carbonate. Any of the stronger sci^ may 
be used to effect the decomposition, but, generally speaking, hydrochloric ormtncacia 
is preferable to sulphuric acid, lojcause tlie latter often forms insoluble or apanngly 
soluble salts, the presence of which interferes with the reaction. If carlxmate la 
in solution, the liquid should be concentrated before adding the acid, as m a vsw 
dilute liquid the carbonic acid may remain dissolved instead of escaping as gas. 
decomposing acid must also be added in excess, otherwise an pcid ^Iwnate of the 
alkali-metal will be formed, and no effervescence will be obsewed. If the mbswee 
to be examined is a mineral, it must be finely pulverised, and the F»wdcr should be 
soaked in water before adding the acid ; otherwise the escape of air-hubblcs might be 
mistaken for an evolution of carbonic anhydride. Many other volatile aci^ 
effor^ esconce when eliminated from these compounds, c.^. hydrochlonc, hydnodic, 
sulphurous, sulphydric acid, &c.; but they may all be distinguished iwm carbonic 
acid by their colour or their odour, also bv passing the evolved gas into lime-water oi 
baiyta- water, and proceeding as described at page 768. ^ 

Carbonatb op Aluminium (?) It is doubtftil whether such a compound exists. 
Raussure stated long ago that alkaline carbonates throw down from whitions of alu^ 
minium, a compound of hydrate of aluminium with a small quantity of the alfcahne 
carbonate, and that the hydrate is partially soluble in aqueous carUnic acid, but it 
completely separated on warming the solution or exposing it to the air (O^ iiL 
Other chemists have, however, <S)tained different r^ulta. According to M 
(Chem. Soc. Qu. J. ii 206), the precipitate filmed by alWino w 

3Al*0».2C0* + 16H»0. Lnnglois (Ann, Ch. Phys. [8] xlriii. 602) found 8\1 O^. 
3CO* + 40H*0 ; and Wallace (Chom. Gas. 1868, 410) gives, as tho^mposition of 
the precipitate, 8A1»0*.2C0» + 91PO. H. Rose, on the contrary (Pogg. Ann. xli. 
462). states that the precipitate formod by carbonate of 

trihydrate of aluminium with carbonate of ammonium. Al H O* + NH .3.OT » t e 

ammonia-salt not being removable by washing. 

l>r. Muspratt’s laboratoiy by Mr. James Barratt (Chem. N^s, l 

that the precipitate formed by carbonate of sodium m a wlutbn of chlon^^ 

minium, after being, washed and dried, then triturated wi^ water, again washed, an 

dried over sulpharie add. consists of pure hydrate of alummiom. 

Carbonate OP Alltl. See Cabbonic Ethbrs. 

Carbonatbs OF Ammonium. These salts liave alre^y been dasenbed (p. 190> 
They ate all metacarbonateB, and may be formulated as follows . 


db } 


o* 


Kentral carbonate, (NH^)*O.CO* 

Add carboiiate^ | O.CO* • ^ 

8«i9nMMiban«t«. . 2(NH‘)«04KX)* + 8 aq. - 



Cabj^okatb ov Au'fu See Cartokio IBhrtms. 

Gabbohatb of Babium. Ba"00* -i Ba''O.CK)^.‘^-Tliii salt oo^vm abiud^ 
111 nature as Witherite^ a mineral which freqaentlj|r aaoompaiiiciH iesd-ozes. It ei^ 
tallises in the trimetric system, isomorphously witik arragomte, the ci^tala. be^ 
frequently prismatic, from predominance of the &ces oo P, w P od, and r oo. The 
blnation P.2Poo.oopQo.aoP, is also common, forming a six-sided prism with 
pyramidal summits. Batio of axes, a : 6 : c » 0*5^81^0 : 1 : 07413. In^atiou of 
fiices: «P : wP-eiojO’; Pa> -. Pa-n^ir; 2P« : 2Poo- HOO 42 '. Cleit*,, 
imperfect parallel to^ob P oo, qo P, al|d J? od (Xopp). It oBcurs also in globular, tuberose, 
and botiyoidal lbras^^Btrtt^*tare eitj^ coljamnar or granular; also amorphous. Speci0c 
graTity « ^ to 375. Xustre vitreous, inclining to resinous 

on fracture4t|iGib(^ Colour white, or often yellowish or greyish. Streak white. 
Subtinnspaieht to^aaslucent. fracture uneven. Brittle. Witherite is found on 
Alslbn Moor in Cumberland, and in splendid crystals at Fallowfteld in NorthumbeN 
land. It occurs alsq in many places on the continent of Europe, in the Altai, near 
Coquimbo, Chilly ico. It is sometimes found altered to heavy spar by the action of 
soluble sulphates. 

Carbonate of barium is rabidly formed when baryta, either in the anhydrous state, 
or in crystals, or in solution, is exposed to the air, and is easily prepared by precipi* 
mating an aqueous solution of the chloride or nitrate with carbonate of ammonium, or 
a solution of the sulphide with carbonate of sodium ; the salt obtained by this last 
.method is liable to be contaminated with a sulphur-compound. It may bIbo be pre- 
^red in an impure state by igniting in a crucible a mixture of 10 pts. of native 
sulphate of barium, 2 pts. of charcoal, and 6 pts. of carbonate of potassium (pearl-ash), 
A mixture of sulphide of potassium and carbonate of barium is then obt^ed, from 
which the sulphide of potassium may be extracted by water. The impure carinate 
thus produced maybe used for the preparation of other barium-salts, but the salts thus 
obtained will contain iron. 

Carbonate of barium artificially prepared is a soft white powder. It is poisonous, 
and is used as rat-bane. It is very slightly soluble in water, about 1 pt in 4000, 
rather.more (in 588 pts. according to Iiassaigne) in water saturated with carbonic Mid. 
It dissolves easily, even in the cmd, in chloride, nitrate, and succinate of ammonium, 
and when boiled with chloride of ammonii^ it is completely decomposed, yielding 
carbonate of ammonium and chloride of barium. When shaken up with aqueous sul- 
phate of potassium or sodium, it yields sulphate of bmum and carbonate of the alkali- 
metal. It bears a strong red heat without decomposition ; but at the heat of a forge- 
fire it gives off carbonic anhydride and leaves baryta. The decomposition is greatly 
facilitated by the addition of charcoal. Carbonate of barium is decomposed by vaMur 
of water at a red heat, and veiy easily if mixed with an equal weight of chalk or 
slaked lime. 

An acid carbofiate^ 2Ba''0.3CO^ or 2Ba''CO*.CO^, was said by Boussingault (Ann. 
Ch. Phys. [2] xxix. 280) to be obtained by precipitating chloride of barium with ses- 
quicar^nate of sodium. H. Bose, on the other hand, t>y mixing chloride of barium 
with diacid carbonate of sodium or potassium, obtained nothing but neutral carbonate 
of barium, and is of opinion that acid carbonates of barium cannot exist excepting in 
solution. 

Gabbonatb of Bismuth. — ^When nitrate of bismuth is dropt into a solution of 
alkaline carbonate, a white precipitate is formed, consistingof Bi*0*.CO’ (Berselius). 
The precipitate formed with alkaline carbonates contains BiKP.CO^ -i- j-aq., the water 
escaping at 100^ C. (Lefort.) 

Gabbokatb op Cadmivic, Cd^CO*, occurs in small quantity, associated with 
native carbonate of sina Cadmium-salts yield with carbonate of ammonium, a White 
precipitate, containing Gd''0O* ^ aq., which gives off its water between 60^ and 120^ 0. ; 
at a higher temperature, carbonic anhydride goes off, and brown oxide of cadminm is 
left, which when exposed to the air is mdually reconverted into carbonate (Lefbr^ 
J. Pharm. [31 xiL 406). According to H. Bose (Pogg. Ann. Ixxxv. 304), the preet- 
pitates formed by alkaline carbonates in solutions of cadmium, contain very little wsten 
and approach very nearly to the formula Cd*CO*. Hoist hydrate of cadmium absorbs 
carbonic acid from the air, and at 300^ gives off all its wat«r,.and is oonTsrted into 
20d''O.Cd"CO». or Cd"O.Cki*CO'. 

Gabbokatbs of Caaoium. — ^T heiNs^ocar5onato,Ca*'00*»Ga''O.CO*,ooeaniinost 
abundantiy in all parts of the world, in tho forms of calcspar, marble, limestone of various 
kinds, and chalk ; also in egg-shells and the shells of molluscs, and, together with pho^ 
phate of ealciuth, in bones. .It is formed when lime, either anhydrous or hydrat^ is 
expeW to the arr in its ordin&iy stote of moistnre, but i|ot by the action of carbonic 
anhydride on anhydrous limih It may be obtained pure by dissolving calcined oyster 


maiMe, lijrdvof^iiic yad, adding ammonia or milk of lime to pi»* 
cipitttte alnra^l^ oawl^fiPG% and eiuM phosj^hatea, then dlteriag, precipitating the 
hot filtrate With camnata of immoxunm^ waahmg thoroughly, and drying at a heat 

ghortofredne^ / ^ " v . 

CJarhonate of caloium la dimoiphous, cxystalham^ in the hexagonal system as ealespar 
(p. 721), and in the twmetnc system as amronite (p. 368). The specific gravity of 
the former varies fipom 2*6987 to 2*75 ; of the hitter, generally from 2*92 to 3'28. Tho 
artificially prepared salt is a white powder, consisting of small crystals, which usually 
take the form of amimnite whim precipitated from hot solutiimsi, of culcspiir when 
precipitated fh>m cold solutiotiK especially if dilute; The micrasogmc crystals of arra- 
gonite gradually change into rhombohedronaof ttfloapM if left forifomjrfime under the 
cold liquid (p. 369). The precipitate formed in hot solntioniii 

character at once ; that from cold solutions is amorphous at first, audip^lldlj hmmea 

crystalline. ^ '' -jf 

Carbonate of calcium is tastelefia, and has a slight alkaline reaotion to test-pfipier. 
It is very sparingly soluble in water, requiring, according to FiwSenius (Ann. Clu 
Pharm. hx. 117), 88*34 pts. of boiling, and 10,601 pts. of cold water ^dissolve it; the 
solution is slightly alkaline. Water containing free carbonic acid dissolves it much 
more fifeely. When recently precipitated, it dissolves easily in aqueous carbonate, sul* 
pltate, byarochlMute, nitrate, or succinate of ammonium : but when it bus assumed the. 
ciystalline form ny long standing, it dissolves but sparingly, forming a turbid h'quid,: 
The clear solutions sometimes become turbid on standing, but do not deposit the \riiole 
of the calcium which they contain. Hence calcium can never be completely precipS* 
hited ss carbonate from solutions containing ammoiiiucal suits. Carbonate of calcium* 
boiled with solution of sal-ammoniac, the water being renewed as it evaporates, dis-»* 
solves almost completely as chloride of calcium, with evolution of carbonate of am-' 


monium. 

Carbonate of calcium heated to frill redness in open vessels, is resolved into lime and 
carbonic anhydride. The decomposition commences oven at a low red heat, so that in 
estimating calcium as carbonate in analysis, the ignited precipitate shoiUd, before 
weighing, be moistened with carbonate of ammonium, and again heated, just sufficiently 
to drive off the excess of that suit ; by this means, any carbonic acid that mc^ have 
been driven off will be restored. In a current of air or any other gas, and especially of 
hteain, the decomposition takes place at a lower U^mperatiire. on the other hand, 
the carbonate of calcium be ignited a closed iron tube, so that the carbonic anbydride 
raiiiiot escape, it fuses to a fine-grained mass, consisting of crystals of calcspar, and 
having the appearance of marble. 

Htfdritii d N.uiral Carbonate of Calcium, Il^drocalcite, (^TO*.6aq. — This salt ifl 
obtained in small, very acute, rhombohodral crystals, of specific gravity 1*783, by boil- 
ing lime in a concentrated solution of sugar, milk-sugar, starch, or gum, and leaving 
the solution for some months in a cold place (Pe louse, Ann, Ch. Pliys. [2] xlviii. 301), 
Becquerc‘1, by exposing a solution of lime in sugar-water, to tho action of a 12-i>aie 
voltaic battery, obtained crystals having the same composition, but the form of a 
rliombic prism with dihedral summits, like arragonite. Crystals of the same form and 
composition were found by Scheerer (Pogg. Ann. Iviii. 382), in a running stream, 
^alm-Horstmar found sia* sided prisms of tho same composition, deposited from spring- 
water in the copper tube of a pump. 

The cTystals remain unaltered lielow 19® or 20® C., either in tho air or under 
water, but crumble to a white powder at a somewhat higher temperature, and if quickly 
heated to 30®, they are converted into a pasty mass, which dries up to a powder. In 
ether at 30®, they crumble to a white powder ; also in hydrated afcobol : but boiling 
absolute alcohol extracts from them only 2 at. water, rendering them opaque, but with* 
riiange of form. The remaining crystals with 8 at. water, effloresce very qnilJdy 
In air, but may be kept unaltered at a temperature below 10®. (Gm. iii, 188.) 

OrtkoearhoiMU, CaK70^, or 20a'O.CO*. — ^This, with 1 at. water (sometimes regarded 
un1iydrooBrbonalte,Ca*CO*.2CaUO), is, according to Fuchs (Po^. Ann. xxvii. 601), 
the composition of the slaked lime produced by exposing quick Inne to the sir. in its 
oMinaiy state. At a strong red heat, it gives off water ao<l carbonic anhydri^f and 
yields a quick lime which slakes in water, not with violence, but slowly and with only 
nioderote rise of temperature. A t a low red heat, the hydrated orthocarbonate off 
^y water, leaving the anhydrous salt^ Ca^CO*, which,* according to Fuchs, IslUEewite 
produced when ormnary carbonate of calcium is exposed to a moderate red heat^ 
half of the carbonic anhydride being then expelled, and leaving a residue, which in 
contact with water does not slake buthaxdens, being in fact eonverted into the hydrated 
®*^lu>carbonateL 

Acid Carbonate, — ^This salt, whleh perhaps has th4 cairi|idsition Cs*H*(CO*)*,iskiiouvi 
in soluUon, and may be obtained in Aat stafo by passing cariKinic anhydride Ifito 



oold water !ii which the neutral carbonate is suspended Watw satnratod with 
home acid dissolves part of the neutral carbonate, at 0® C,, and at 10® 
(Ltfssaigne, J. Chim. m^d. 1848, p. 312). In consequence of this sparing stability 
solutions of calcium-s^ts are precipitated by alkaline biwbonates even m the ottVi 
The solution of the acid salt has a slight alkaline reaction if ^uite saturated, but if the 
carbonic acid is in excess, it exhibits an acid reaction. It is decomposed, with sepa. 
ration of the neutral carbonate, on exposure to the air, or more quickly when heated. 
It plays an important part in the economy of nature, being formed wherever carbonate 
of calcium or other calcareo^ formations, especially silicates, come in contact with 
water containing carlmnic acid, and thus entering in gteater or smaUer quantity into 
the composition of almost all natural waters. Waters whicli contain it in considerable 
quantity, form deposits of carbonate of calcium on their banks or on objects inunersed 
in them: hence the formation of calcareous petrifactions, of calcareous tufa and 
sinter, of stalactites, stalagmites, &c. To the same cause also is due the turbidity 
which appears in river or spring water when heated, and the incrustation or furring of 
kettles and boilers. The formation of this incrustation may to a certain extent be 
prevented, by the addition of sal-ammoniac to the water, whereby, us already observed, 
the carbonate of calcium is converted into soluble chloride. 

Cabbonxtii op Cbrium, Ce^CO* + 3aq., or 06^*00^ + 2aq., formed, on ex- 
posing hydrated cerous oxide to the air, or by precipitation, is a white powder, which 
When ignited the air, is nartly converted into lemon yellow coroso^ceric oxide. It 
occurs native, with fluoride of calcium, as Parisite {q, v.) 

Ghromous Carbonate, is obtained by adding a solution of protochloride of 
chromium to carbonate of potassium. The precipitate is red or reddish-brown, if the 
solution is hot, but has the form of dense yellow or bhiish-grecn flakes, if the solution is 
cold : it appears, however, to have the same composition in all cases. (Mob erg.) 

Carbonates op Cobalt. The anhydrous carbonate Co"CO*, is obtained by 
heating chloride of cobalt with carbonate of calcium to 150<^ C. in a sealed tube for 
eighteen hours, or by decomposing the chloride with a solution of acid carbonate of 
sodium supersaturated with carbonic acid, and heated to 140° in a strong vessel dosed 
with a cork, through which the carbonic acid escapes slowly. It is light rose- 
coloured, sandy powder, composed of microscopic rhombolicdrons, and is not attacked in 
the cold by acids, not even by nitric or hydrochloric acid. (SAnarmont, Ann. Ch* 
Phys. [3] XXX, 129.) 

The precipitates formed by adding cobalt-solutions to alkaline ciirbonates, are all 
hydrated carbonates, or double carbonates of cobalt and the alkali metal. The fonn< r 
may bo represented as ortho- or meta-carbonates, combined in various proportions with 
iiyarate of cobalt, the composition varying according to the temperature and concen- 
tration of the solutions. 

The precipitate formed on adding sulphate of cobalt to neutral carbonate of sodium, 
the solutions being concentrated or moderately dilute, and either hot or cold, is rose- 
coloured, and when dried at 100° C. consists of 2Co"CO*.3Co"H*0* + aq. or 2Co*C0*. 
Co"H®0* + 3 aq. (Setterberg, Pogg. Ann. xix.55; Winkolblech, Ann. Ch. Plinrm. 
xiii. 148; H. Rose, ibid. Ixxx. 237). But very weak solutions mixed at the lK>iIing 
hoiit, yield a blue {precipitate, consisting of Co"CO*.2Co"lPO* + aq. or Co’CO^CoH*0* 
-I- 2 aq. The precipitates are very difficult to wash. Heatefl above 150° C, in contact 
with the air, they grodually give off water and carbonic anliydride, and are converted 
info aitequioxide of cobalt (H. Rose). The first-mentioned prwipitatoispartly converted 
into sesquioxide by boiling with water (Field, Chem. Soc. Qu. JT xir. 50). The 
mima precipitate digested with solution of diacid carbonate of sodium or of ammonium, 
is graduadiy converted into 30o''CO* + aq. (H. Deville, Ann. Ch, Phys. [3J 
xxSiL 75.) .. . 

. A hydrated carbonate of cobalt called Remingtonite, whose precise composition li 
not known, occurs as a W3it^ earthy, rose-eoloure<l incrustation, on thin of ser^ni' 
tine, at a oopp^mine uearlFuiksburg, Carroll County, Maiyland. (J. C. Booth, SilL 
XV. 48.) ^ 

Obmwte of Cmit and Potassium. — Nitrate or sulphate of cobalt forth* with ezeesi 
df diacid narbonatem/^tassLum a rose-coloured precipitate, which gradual^ ^ang^ 
to a network of roue-colonred crystals, easily decomposed by water, and eoimsting of a 
meto-«rbonate, (Co''KH)C=0- + 4aq.. [or 2(Co''0.CO3f) + K*0,2C<;^^ -»- 9B*Oj 
(H. RaM, H. Deville). Nitrate of cobalt and sesqira^bonate of pCtamifNim yield 
distinct teystals, containing Co'^*(CO*)* + 4aq, (DeTllle.) ? " . *■ 

Cdrhonate of Cobalt and iShdiam.— Nitrate of eobut and sesquicarbonaj^ll^f sodium 
yield mixture of small prii^natic crystals, Co"Na*(CO*)* + 4 aqi* and dark^V^ctystalSf 
apparently cube-like rhombtAedrons, containing X)o"Na*(CO‘’)* + lOaq. (Deville.) 



CoPBBB.— Two of tiiese oompooiids occur >■ ufnnl ■ 
^ MalaekHeaiAjMurite. They may be n>06t rirng!^ rennwant^ .. 

MatackUe as dicupric oriAocarb&nate, C3u*CO« + aq. 

Ajmrii9 as Meuprio oHhoearhofMte, ^*|c*0*. 

They may also be regarded as metacarbonates combined with cnpric hvdnite ria. 
mulihit; .8 Cu''CO*.Cu"H*0»; wurite » 2Cu“CO*XVHH)«. Ac ^ 

enpric salt is formed artificially by precipitation. The anhydrous motucarbonat© 
Cu"CO*, is not known. ’ 

Dicuprie Orthoearbonatt, C?u*CO« + aq. M<Uaehit 9 , Green Carbonate of 
Copptr^ Mountain gretn^ Atfaa ore, — This minerai forms prisnuttic crystals belonging to 
the inonoclinic system, in which the lengths of the orthodiagonaJ, clinodiHgonal, and prin- 
cipal axis are to one another as 1 *273 ; 1 : 0*^3d8. The inclination of the clinodia^^nal 
to the principal axis does not differ.much from 90^. The crystals are generally reduced 
to thin prisms by predominance of the faces ooP and ooP qd, and terminate by oP, P, 
— P GO. Cleav^ perfect parallel to — P oo and ooP (Kopp). More frequently, how- 
erer, it occurs in laminar, fibrous, compac^ or earthy masses. Specific gravity •» 3*7 
to 4 0. Hardness « 3*5 to 4. It varicss in colour from emerald to grass-green, and 
exhibits all degrees of transparency down to perfect opacity. It takes a high polish, 
and when in la^ masses is cut into tables, suufir-l>oxes, vases, dec. Malachite usually 
accompanies other ores of rapper. Perfect crystals arc very rare. The fibrous variety 
occurs abundantly in Siberia, at Chessy in France, at SandlcHlge in f^hetland; thecom- 
[uw-t varietur at Schwartz in the Tyrol, in Cornwall, and in Cumberland. At thecoppf^r 
mines of Nischne Tagilsk, a bod of malachite was opened which yielded many tons 
the Malachite is also found on the west coast of Africa, and in scvoral 

l(H*aHties in North America. (Dana, ii. 458.) 

Cupric salts treated with alkaline carbomites, yield at firat a greenish-blue preci- 
pitate, consisting, according to Brunner, of Cu*C6* + 2Hq. ; which, however, when left 
in cont^t with the liquid, and whsIumI, becomes compact and green, and iicriuires the 
composition o# malachite. Wlien heated to 200® C. it is slowly converted into black 
cuprio oxide, which obstinately retains a small quantity of water. Mnhichito slowly 
dt'compuses in the same manner at 220®. The ciicuprie salt, either native or precl- 
ia decomposed by boiling with water, giving up carbonic acid, and being entirely 
converted into black oxide of copper. (H. Ro s e ; F. F i e I d, Chem. &>c. Q,u. J. xiv. 71.) 
By digestion with neutral carbonate of sorlium at 120® F. (48*8® C.^ it is cimvertod 
into GCuO.COVor Cu*CO'.4CuO. Boiled with sesqui carbonate of soaium, it dissolves, 
fiirming a blue liquid, which is not decomposed oven by long boiling ; but when siilphnto 
of copiHir is boilM for a vexy long time with 8e8<^|uicarLonAtoof sodium, a green precipi- 
tate of dicupric carljonute is obtained, and on filtering from this and atlding more sul- 
phate of copper to the filtrate, the basic salt just mentioned is precipitated, as a dense 
black powder (Field). According to Bevillo, dicupric carb<jnate digested with 
neutral carbonate of sodium is partly converted into 8C'u"C).CO* + 5IPO. 

Anhydrous dicupric carbonate, Ou*CO\ or 2Cu"0.(.'0®, occurs, according to 
Thomson i. 801), ns mymrin^ a mineral fn»m Mysore in Hiudostati, 

containing also ferric oxide and silica. Dana suggt^sts tinit it may be only an impure 

malachite. > v. 

“ ^ 

Pri'cwprfc OrthocaThonair.f dii*H*C*0* (or 3Cu''0.2C0* -f IPO). 
iMurite^ £lue Carhenate of Copper ^ Blue Malachite^ Cheesy Coppir^ Cht'^Hte^ 

‘This mineral occurs in fine crystahi, belonging to the monoclinie systen^^fi^^ 
which the orthodiagonal, clinodingonAl, and principal s^s are to one anothiiiPM 
: I : 2*076. Inclination of axes 87® 89'. Obsertwd. faces ooB , oP. ^ 

together with others of less frequent occurrence. The srysta^iirtr 
often prismhti^ilj elongated in the direction of the orthodihgonal. CleaV ^ 

to JPpo ] (Koj^S KryeteUlographie^ p. 303). The mineral occurs ahio ma 
imitative shm^ ha^nga columnar composition, also dull andeaxi|||^ 

8*5 to M61. Hardness «« 3*5 to 4*25. Lustre vitreoumitwSSort 
^lour, vsrifnut'shadeB of azure, passing into Prussian-blue. Htreak bluCpTj^tof Urtih ' 
the coloOap^ ^^^^ to sub-translucent. Fracture c^mchr^Tdal, Brittle^ 

^ Mendli W Mfl lilttrions a^aesay near Lyons, in fine crystals also In 
^<d<]awa^te^ art^^Kd Buller, near Redruth in ConiwaJl ; at Por^ MWf/ 

ir j t ttE^ at Alston Moor. Wanlockhead, It if 

found POnn^^ York, and New Jersey. (liana. B- ^4 

Amnnte vrhett gimmd to fine powder forms n bright blue pigment ; but it fs M 
***®*ft nafi aa It is a^ to ttum green by exposure. Wheji hoiieJ with walsiji' jlrdeooiii- 
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poses like Tnalacbite, yielding blaek oside of copper. Heated with a concentrated so- 
fuiioii of diauld carbonate of sodium, it yields a blue solution, which, after prolraeted 
boiling, deposits a green precipitate of malachite (Field). According to Phillip« 
(Ann. £!h. Fhys. [2].Tii. 44) a cupric carbonate, called him verditer^ haiing the biuim 
composition as azurite, is obtained by a i^ret process. 

Potaasio-cupric Carbonate. — Nitrate of copper forms with diacid carbonate of potas- 
sium, a deep blue liquid, which after a few hours deposits a silky mass, consisting of 
^C)u O.K 0.5CO* + 10 aq. or (Cu‘K*H*)C*0«‘ + 6 aq. (Deville, Ann. Ch. Phya. 
[3J xxxiii. 76.) 

Sodio-citpric Carbonate^ Cu"Na*(CO*)* + 6 aq., is obtained by adding an acid solution 
of uitrateof copper to carbonate of pobissium containing soda, anddeavingthe precipitate 
in the liquid for a considerable time ; also by the action of diacid carbonate of sodium 
on dicupric carbonate at 40® — 50° G. It forms rhombic prisms, having the angles of 
the obtuse edges ~ 123° 14', and acuminated with four faces resting on the prismatic 
edges. (Deri lie.) 

Cuprous Carhonatel — The yellow precipitate obtained by adding carbonate of sodium 
to a solution of cuprous chloride in hydptwhloric acid was said by Colin to be a cuprouR 
carbunalo, but according to L. 0 m el in {Handhook^x. 414), it is merely cuprouH 
hydrate. 

Carbonate of Cuprammonium^ (N*H*Cu"y^CO*, is obtained in largo deep blue crystnU 
by dissolving tricupric or dicupric carbonate in carbonate of ammonia, and pouring 
the solution into alcohol. It is rapidly decomposed by water into carbonate of 
monia and a basic carbonate of copper, Cu*C0^.Cu"JI*0* + 2 aq. (Fa vre, Traiti de 
Ckimiepar Pelmize et Fretny^ iii. 201.) The same ammoniacal compound appears to 
be formed when cupric oxide or finely divided metallic copper is digested in ammonia 
with access of air. 

Carbonatk of DinvMiUM is obtained as a white, slightly rose-coloured precipi- 
tate containing Di'OO® -l- 2aq., on adding an alkaline carbonate to thAsolution of a 
didymium-salt. At 100° O. it gives ofif two-thirds of its water ‘an^d a sn^aU quantity 
of carbonic acid. (Marignac.) ' , . 

Carbonate of Ethyl. See Carbonic Ethers. 

Caubonate of G lucx kuh is produced when the hydrate is exposed to the air, 
also by precipitating glucinum-salts with alkaline carbonates, noh in 'excess, and by 
boiling H solution of earbonato of glucinum and ammonium. It appears to vaiy in com- 
position ; the pi*ccipita.te obtained by the last-mentioned process has, according to 
Schalfgatsch, the composition &GrO.CO* + 5aq. or 01*00 *. 30 2aq. It appears 
to bo decomposed by boiling with water. It dissolves in alkaline carbona^v forming 
double salts. 

Carbonate of Glucinum and Ammonium. — When a solution of gludna in aqtthous W- 
bonato of aihmonia is heated to the boiling point, till the liquid begins to show tutbidity, 
then filtered, and the filtrate mixed with alcohol till it becomes milky, white faiens- 
IJiiruut cr^^stils are gradually deptisittHl, containing 4G1"0.3CO*,H*0 + 3f(NH^)^.COf} 
or perhaps 0rH*O*.3Gr(NlI')'-(CO*)*. They become dull on exposure to 
Inblo in a^ulute alcohol, but dissolve readily in cold water, and are^lQeeoimtoed by 
hot water, with evolution of carbonate of ammonia. (Debray, Anni'^lwJrays. [3] 
xliv. 6.) , 

Cardipiate qf Glucinum and Poia^um, GrH*0®.3GrK*( CO’)*, is obtained in the 
eamo manner as the ammonium-salt, which it resembles in its propertipi^ (jpebrny.) 

Carbonate of glucinfim likewise fbrms a double salt witii cari^onate of sooiumk. 

Caxwonatbs of Jron. — Ferric carbonate does not app^ to axist. The 
formed by alkaline carbonates in solution of ferric nitrate, consurte, oelb^ing to 

L; 0mel4ii {Handbook, v. 222), of ferric hydrate without a trace of elrbonie acid. 
According toSoiibeiran (Ann. Ch. Phys, [2] xliv. 326), the precipitate thrown dmsi'n 
3>y, iflkhlino earbonates from ferrous salts, contains, aft^ thorough washiiig^jand exp<> 
Bcitn ih thin , layers to the moist air of a cellar for six months, 71*4 cent, ferric 
oiilde (quitfviree from ferrous oxide), 8'3 carbonic anhydride, and 20*0 wttber ; hut it 
is doubtful #hether a definite carbonate is formed. ^ ^ . 

Double carbonates of ferricum and the alkali-metids appear to be cajM^to of ex^iolr 
in. solution, though not in the solid state. When a salt is 1;^ 'con* 

carbonate of ammonia, the precipitated ferric hydrate rodissmteii 

again on diluting with water. WeU hydrate, ^ 

not dissolve in carbonate of ammoxda, so that the jSiin^ii^of ;th0 ajpATnO' 
iiHMiai 4itlt fkKralkhd' in the decomposition appears to baneceseaiy to ff 

Ih^c hydrate. Similar reactions are obtoinsd with strong smittoiia 
potil^iitm ^ soditm. ' ^ rV 

* 'Perrons Cartoon ate^The anhydrous metaearl^ate F^O0*'"dX 
abmadaatiy as a naturfi] mineral, viz. Spathic or Sparry iron ow; alro^hallwCMi^ 



hitr, mderiU, wri^Sp^rondenie, JmketiU, StnMUein, mMmipatk, 

^puthxdmMUin, OlmonapatK This mmer^ forms rhombohedrol ciystuls, haviiig Ihr 
their primaiy form a rhombohedron, in which the principal axis is to the 8r<y>ndHiT 
as 0*8117 • li and the inclination of the faces meeting in the termiaal edges 
« 107® 0*. this form being either solitary or predominant, and often with curSS 
faces; sometimes in twin-ciystals. It also iiccurs in botryoidal and globular forms (as 
sphanmdtriUy occasionally i^silky fibrous masses; often cleaviible massive, with cleav- 
age planes undulate ; also coarse or fine granular. Specific gravity ■» 3*7 to 3’9. . Hard- 
^88 *» 3*6 to 4*5. Lustre vitreous tp pearly. Streak white. Colour ash-grey, yellowish- 
grey, greenish-grey ; also brown and brownish-red, rarely green ; sometimes white. 
Translucent to subtranaluccnt. Fractm uneven*. Brittle. (Dana, ii. 446.) 

Pure ferrous carbonate would contain 37 93 per cent, carbonic anhydride and 6*2*07 
ferrous oxide. The mineral always contains more or less of the carbonates of manga- 
nese, magnesium, and calcium. A black variety from Babbowsky gave 36*61 CO*, 
67*91 FeO, 1'61 MnO. truce of MgO, 0*69 CaO, ami 0 60 gaiiguo. A specimen 
from the neighbourhood of Durham yielded 36*90 CO*, 64*67 FcO, 1*16 MnO, 3*18 
CaO, and 2*63 water ( = 97*43). ^ The variety called oligonspar contains 26*31 per 
cent manganous oxide ; other varieties contain 12 to 15 per cent, magnesia. 

Ferrous carbonate is a veiy abundant mineral, occurring in gneiss, mica slate, day 
blste, and in connection with the coal formation. At Freiberg it occurs in silver mines. 
Ill Cornwall it accompanies tin. It is aUo found accompanying c^per and iron py- 
rites, galena, vitreous copper, dee. In New York, according to Beck, it is almost 
always associated with Sj^nlar iron. Occasionally it is found in trap rocks as sphis- 
rosiderite (Dana). A siliceous or argillaceous variety called clai/ iron stone, which 
occurs in tne coal measures, is one of the most abundant and valuable ores of iron. 


Very laige quantities of it are found and worked in South StaiTordshire, at Merthyr 
Tydvil in South Wales, and near Glasgow. 

Anhydroos^fsrrous carbonate may be prepared artificially by processes similar to thfvse 
already desenfeed for carbonate of cobalt (p. 782). It then forms a greyish-white crys* 
talline «>si|Qd» composed of minute rhombohedrons, scarcely attacked by dilute acids, 
nearly unabsarable in dry air, cradually assuming a light red tint in moist air. It is 
of a dwker grey colour and less alterable in the air in proportion as tlio heat em- 
ployed in its prsipamtion has been greater and longer continuoa. (S 4 n ar m on t, Ann. ' 
Ch. Phys. 129.) 

Hytirafed/erf^sus parbonate is precipitated on mixing a ferrous salt with an alkaline 
carbonat^ in tUck white'fiakes, which, on exposure to the air, absorb oxygen and give 
off ^bonio first assuming a dirty ^on colour, and ultimately changing to yel- 

lowuh-browaiiexK^ hytbrate. Hence it is difficult to obtain the precipitated fei^us 
carbonate ia and definite state. The best mode of proceeding is to precipitate 

ferrous .fidphale quite free from ferric sulphate, with alkaline monocarbonate or 
bicarbonate ^th salts being dissolved in water which has been thorotighly freed 
fropi air by boiluqk wash the precipitate out of contact with the air, c.^.^y decan- 
tation with thoroagbly do-%6rated water, keeping the vessel quite fhll and closSA 
dry it in An Atn^t^phere of carbonic anhydride. The salt thus prepared is a 
tastelea4j^i|gi|^wEi«h is used in medicine; it is tolerably permanent if tlioronghfy dried; 
but if mout i^AZidises quickly in the air, becoming hot, and jplvii^ off wiinr and car- 
bonic ac^ Tt inay be rendered more permanent by mixing it ..with iugaip while 
moist 

Acid Aqueous carbonic acid dissolves ferrous carbonate; alib msAittl% Hba 

with evb]iitioh.iQf hydrogen. The solution, which exists in manjff natural wate^ eiilj|ed 
is eolourlesB, has a sightly ferruginous taste, is decomposed, with * 
sepmtill^fiisnc hydrate, hj contact with the air, andgi^oH a htlu*k precipitate wi%, 
f^lph^^^e^B fcfc N^^ogen. To preserve chalybeate water in veesels.^ they first h§ti 
filled ^th dSnsonic anhydride, then opened and filled below the surfae^APGb# Hidbsry 
and lastly <^r^ wnder water. A less efficient mode of preservation is 0ie 
tion of i few grains of sugar, 

on La nxs - 4 . 1 ( 1111 , La*CO* 4' 3 oq., is found native as 
mineral (ffiliB|iiaiy mistiiken for carbonate of cerium) occurring in four-8ii|l4 plsts^Wr 
mittute taraii&dr the Itimetrie system, with bevelled edges ; also fine-gfAqoUtf, And 

Hardnee^2'6 to 3. It has^a or Itt i^gl^ 


ml 


minnC 




yellowish colour. It is found 

ftlBii»b in unestone^ with the sine, oivs of the Ban 
Thn '^kmeiioan mineral was found byJ. 
with oxide of didymium, 22*68 CO^aod jN-O^ S 
[nixlilft LaO, 21*11 CO* and 26*96 wi^. Witlil 

A glsaA lidTtng so amethystine coloar,''arismi|[ ^ 

' 8 E 
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CABBOHiTES. 


Carbonate of lanthanum obtained by precipitation forms a whito gelatinous mass 
which gradually changes into shining crystalline scales. 

Cabbonatbs of Lead. — The anhydrous metacarbonate, Pb"CO* or Pb'^O.CO* ii 
found native as white lead ore or cerueUet in crystals of the trimetric system, isomoN 
phouB with arragonite, witherite, and strontianite, and in which the brachpr^agoiu^ 
macrodiagonal, and nrincipal axis are in the ratio of 0*61 00 : 1 ; 0'7236. Ordinary eoia* 
bination P . oo P . P oo . 2 ]^ oo , co P with 2]^ oo predominant. Inclination of faeei, 
wP : »P = ez® 46'; P 00 ; 1 00 = 71® 47'; 2t » ; 2P« » 110® 42*. CleaviM 
moderately eaiy parallel to ooP, less so parallel to 2p oo. It is sometimes found u 
twin-crystals, the face of combination being oeP (Kopp’s KryetaHk^raphley p. 261); 
rarely fibrous ; often granularly massive and compact. Specific gravity 6'466 to 6*480, 
Hardness 3 to 3*5, in some earthy varieties as low as 5*4. Colourless when pure, tran- 
sparent or translucent in various degree and with adamantine lustre. Fracture conchoi- 
dal. Very brittle. White lead ore is found in Cornwall and Cumberland, at Leadhilh 
and Wanlockhead in Scotland, in Siberia, in the Harz, in Bohemia, and many other 
localities. It sometimes occurs altered to phosphate of lead by the action of water 
containing phosphate of calcium ; to galena by the action of sulphuretted hydrogen, 
and to minium by oxidation; also more or less to magnesite, malachite, and chtyso* 
colla. (Dana.) 

Hom-lead or eeraaine is a compound of carbonate and chloride of lead. 

Hydrocarhonatee , — ^The precipitate formed in solutions of lead-salts by alkaline 
carbonates varies in composition according to the temperature and concentration of the 
liquids. According to Berzelius, the anhydrous metacarbonate is obtained by treating 
nitrate of lead with excess of carbonate of ammonia; according to Lefort (J. Phann. 
[31 BY. 26), by precipitating with alkaline carbonates in the cold, whereas from hot 
solutions a hydrated salt, 3Pb''0.C0’.H*0, is obtained. Acconling to H. Rose (Ann* 
Ch. Pbarm. Ixxx. 235), the precipitate always contains hydrate of lead. Equivalent 
quantitiesof nitrate of lead and neutral carbonate of sodium in cold strong solutions yield 
the compound 6Pb”CO*.Pb^^H*0*+ a^., which gives off some of its water at 100® C., 
and takes up more carbonic acid ; with cold dilute, or hot concentrated solutions, the 
compound 6Pb"CO*.Pb"H®0^ is obtained, and with hot dilute solutions SPb'^OO*. 
Pb"H*0*. When the carbonate of sridium is added in excess, the precipitate consisU 
chiefly of 2Pb"CO^Pb"U«0* or Pb"H*C*0“, but contains a small quantity of soda.^ 

Hydrated carbonates of lead are also formed by the direct action of cu^nic acid on 
hydrate of lead, and the compounds thus obtained differ from the precipitated carbo- 
nate, in being amorphous and perfectly opaque, whereas the precipitated carbonate is 
an aggregate of minute transparent crystalline grains. Hence the carbonate formed by 
absorption of carbonic acid is much better adapted for a pigment, and is extensively used 
as such under the name of white lead or certiee ; its great opacity gives it that quality 
which painters call body, enabling a small quantity of it to form a brilliant white coat- 
ing over a considerable surface. 

There are two methods of preparing white lead. In the older, called the Dutch 
method, because it was originally practised in Holland, thin sheets of lead are placed 
over gallipots containing weak acetic acid (water with about 2 J per cent of the strong 
acid), the pots being embedded in fermenting tan, the temperature of which varies from 
140® to 160® F. The action is often very rapid, the metj disappearing in a few weeks 
to the centre of the sheet. In this process from 2 to 2^ tons of lead (4480 to 6600 lbs. 
are converted into carbonate by a quantity of vinegar containing not more than 60 lbs. 
of strong acetic acid. It is evident, therefore, that the metal is neither ozidis^ nor 
carbonated at the expense of the acetic acid. The oxygen is derived from the air, and 
the carbonic acid from the fermenting tan; the acetic acid merely serves to dissolve the 
oxide of lead and convert it into a basic acetate, which is easily decompo^ by car- 
bonic aeid, the acetic acid being thereby set free to act upon another portion of oxide 
of lead. Thst this is really the mode of action, is show by what ti^es place in the 
more modem process, in which oxide of load (litharge) is mixed with water and about 
1 percent, of neutral acetate of lead, and carbonic acid is passed^ over it: ^ 
ma-nnay the oxide is quickly convert^ into excellent white lead. Nitrate of lead has 
also been used in this latter process in place of the acetate. 

White lead is a mixture or compound of carbonate and hydrate of lead, in vaneus 
proportions. Mulder (Ann, Ch. Pharm. xxxiii. 242), frj)m the analyais of numerow 
samples, concluded that there are three varieties of it, viz.: 2Pb"'CO*.Pb"fl^O ; 
5Pb^C0».3Pb"H*0*, and 3Pb"CO*.Pb"H'*0*. J. A. Phillips (Chom. Soc. Qu. 1. 
lfi6) found the composition of four samples to agree with the first of these formula^ 
one with the third, and anotlier to contain 5Pb"CO*.PbII^O^ 

White lead is often mixed with heavy spef and gypsum, the addition of wiot 
nndars it iesa liable to be blackened by the action of sulphuretted hydrogen. Oxids 
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of “ UkewiM added^ (On*. W. Vr^s ^Hiotiarv »/ 

ArtSf AfanM^^tures and AitneSf iiu 1016 ; Graham 9 Chemistry^ 2iid edition, ii, rio.) 

Acid CarAona^e;— Car^ttte of lead diwiolves slightly in water containing c«r}>onic 
acid ; the solution oontoms TOm to of lead-oxide, ia rendered turbid by alka- 

line carbonates, and coloured brown by sulphuretted hydrogen. (See Lbau.) 

Carbonate of Lead and Sodium. ^PbW^.Na^CO’.— IVoduced, according to 
Bersceliua (Po^. Auu, xlvii, 199), when nitrate of lead is precipitated by carl^onate 
of sodium, Uie precipitate boiled in the alkaline litjuid, then washed and dried at 
160'^ C. 


Carbokatb op IjITHIUIK, Iji^CO*. — ^This salt, which ia slightly soluble in water, 
exists in the waters of Carlsbad, Franzensbad, and others. It is prepared by dissolv- 
ing an excess of carbonate of ammonia in a concentrated solution of cJiloride of lithium, 
and washing the reacting precipitate with alcohol ; or by precipitating sulphate of lithium 
with acetate of barium, evaporating the tiltrate, and decomposing the residual acetiite 
of lithium by ignition. The salt melU at a low red heat, and solidillea to a vitreous 
mass on cooling. It is not decomposed ^ heat. It dlHsolvos in 100 pis. of cold 
water (Vauquelin); in 130 pts. at 13® < 5 ., and in 1‘28*& pts. at 100° (Kremeni 
.Ishresber. d. Ohem. 1866, p. 276). The saturated solution boils at 100® (Kreiners 
tb/d. p. 294). The solution ia alkaline, and deposits the salt by slow ovaporutiou, in 
small prisma. It decomposes the salts of ammonia, and gives up its carbonic acid 
to caustic baryta and lime. 

Water saturated with carbonic acid dissolves carbonate of litliium more frt^ely than 
pure water. 

Cabbonatbs op Maonbsivic. — The anhydrous metacsrboimte, Mg^CO*, or 
Mg^O.CO**, occurs native as magnesite ^ associated with serpentine and other magnesian 
rocks. It is found in rhombohedral crystals, isomorphoiiH with calcspsr. Ratio of the 
principal axis to the secondary axes « 0*8117 : 1. Angle of the U^rminsl edges 
107 ^ ‘is. Cleavage perfect parallel to the rhomboiiedral faces. It also occurs maasive, 
granular, or fibrous, sometimes in radiating groups; also very compact. Specillc 
gravity » 2*8 to 3. Hardness = 3*6 to 4*6. It is white, or with various shades of 
yellow, grey, and brown, has a vitreous or silky lustre, and exhibits all degrees of 
transparency, down to complete opacity. Fnicture fiait, conclioi'dal. It is infusible 
before the nlowpipe, and dissolves slowdy and w'ith little effervesetmoe in acids. It 
occurs nearly pure, with only small quantities of water and the carl)onates of 
iron, manganese,^ and calcium, in Moravia, 8tyria, Silesia, Piedmont, Spain, and at 
several localities in the United States. Carbonate of magnesium occurs also associated 
in various proportions with the carbonates of iron, manganese, and calcium, forniing 
the minerals sphaerosiderito, diallogite, dolomite, bitter spar, 

Anhydrous metacarbonate of magnesium cannot l>e prepared by precipitating a so- 
luble ina^esiumosalt with an alkaline carbonate, as the precipitate thus formed always 
contains hydrate of magnesium ; but by suspending the washed precipitate in water, 
passing carbonic acid gas througli the liquid till the precipitate is dissolve^ and eva- 
porating the solution by heat, the anhydrous salt is obtained as a crystalline powder, 
which when examined by the microscope, exhibits the form of arru^nJte (H. Rosa, 
l*ogg. Ann. xlii. 366). It is likewise obtained by beating sulphate of magnesium with 
carlionate of sodium, to 160® C. in a sealed tube, or by enclosing a soluble magnesium- 
salt. together with an alkaline dicarbonate supersaturated with carbonic acid, in a 
strong vessel closed by a cork, through which the carlwmic acid can escape slowly. 
Ry this last method, it is obtained in microscopic rhoml>ohe<lrous, like native magnesite 
(S^narmont, Compt rend. xxviiL 693; Ann. Ch. Phys. [3] xxx. 129). Anhydrous 
carbonate of magnesium is therefore isodimorphous with carbonate of calcium. Wlien 
moistened with water, it gives an alkaline reaction with litmus and violets. If the 
solution of carbonate of magnesium in excess of carbonic acid be left to evaporate 
Bpontuneously, or kept fer some time at 60® C., it deposits small hexagonal prisma, 
contaiuing 3iiq. : they give up their water in warm air, beoomtng opaque, 

but retaining their form. The same hydrated crystals ure obtained by mixing the 
solutions of sulphate of magnesium and sesquicarbonate of potassium and sodium, and 
leaving the muture to stand. ^A saturatra solution of carbonate of magnesium in 
aqueoue carbonic aci<^ exposed* for some time to a winter temperature, deposits 
transparent oblique prismanc crystals, containing 6 at, water ; Mg^CO* •¥ 6aq. They 
Bre converted into the preceding, with loss of transparency, by expc»ure to the air, 
more quickly in sunshine, and by immersion in water at 60^ 0. If tailed with water, 
wey give np part of their carbonic acid, and are ultimately converted into 3Mg^OO*. 
MgH*0» + 2aq. (Pritzsche) 

^LydroeatbonaUs. a. 5Mg^O,4CO* r 6aq. « 4M^'CO”.Mg^E>0* -f 4aq. * 
(J1«‘H*)0*0“ + aq.— Pndiieed, as just mentioned, by the action of water on BUfifCO* 
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6^. t better bv boiling with water containing ammonia (Fritzsche) ; alao by pnd- 
pitating sulpnate of magnezinm with carbonate of sodium, and drying the precipitate 
at 100^ C. (H. Rose, Ann. Ch. Fharm. Ixxx. 234); also, according to Berzelius, by 
boiling a solution of acid carbonate of magnesium for a long time. It is a white 
granular powder. 

b. 4Mg’^0.3C0* + 4^. = 3Mg'^C0*.Mg''H»0* + 3aq.««(Mg«H*)C»0‘> + 2aq.— Found 
native as Hi^dromagnaite^ in small white, brittle, or acicular crystals, of the monoclinic 
system, or in chalky crusts. Specific gravity » 2*146, to 2*18. Hardness of the crys- 
tals « 3;6, It is found at Hrubschitz in Moravia in serpen tine; in Ne^ponte near 
Kumi ; and crystallised with serpentine and brucite (hydrate of ma^esTum), in Lan- 
caster county, Pennsylvania. Lancasterite is a mixture of brucite and hydromagnesite. 
(Dana, ii. 466,) 

A substance of the same composition is obtained by mixing sulphate of magnesium 
with excess of a hot solution of carbonate of potassium, and boiling the precipitate 
with fresh quantities of water, as long as any acid carV»oiiate dissolves out (Berzelius) ; 
also, according to Fritzsche, by boiling a saturated solution of the acid carbonate, and 
twice boiling the resulting precipitate with fresh quantities of water. It is a white 
powder, slightly soluble in water, and forming an alkaline solution. When dried at 
100^ C. in the air, it absorbs carbonic acid, and is converted into 6Mg"0.4C0^ -f 6aQ. 
(H. Rose.) . . 

e. 3Mg''0.2C0* + 3aq. (?) Obtained, according to Fritzsche (Pogg. Ann. xxxvii, 
310), by precipitating sulphate of magnesium with a very large excess of carbonate of 
sodium, boiling the whole till the precipitate passes from the fiocculent to the granular 
condition ; then washing and boiling rapidly with water, pouring off the liquid, and 
twice boiling the residue with fresh water. It consists of small grains mixed with a 
small quantity of the original fiocculent precipitate. According to Berzelius, the pre- 
cipitate obtained as above may contain carbonate of sodium. According to H. Rose, the 
precipitate formed by carbonate of sodium with sulphate of magnesium always contains 
6MgO to 4CO*, whatever may be the tempt^rature and strong^ of* the solutions. 

The pharmaceutical preparation known as Magniifia is a mixture of the several 
hydrocarlwnafes of magnesium, the proportions depending on the relative quantity of 
the precipitant, the degreo of dilution, and the temperature at which precipitation 
takes place. It is prepared on the largo scale hy precipitating sulphate, nitrate, or 
chloride of magnesium with carbonate of potassium or sodium. Various mineral 
waters containing sulphate of magnesium, sucii as the Epsom water, are used for the 
purj^iose, also the inutner-liquor of sea-water, of many salt- springs, nnd of many kinds 
of saltpetre ; most of these liquids, however, contain lime, which must be previously 
separated by sulphate of potassium or sodium. After being well washed with hot 
water, it forms a very light, and bulky powder. The utmost degree of lightness is ob- 
tained by allowing the precipitate to freeze while still moist. (Gm. iii, 228.) 

Acid Carbonate. — Magnesia alba jbaken up with aqueoms carbonic acid, forms a 
solution havinj^ a hitter taste and alkaline reaction, and containing, according to Sou- 
beiran, just twice as much carbonic acid with the same quantity of magnesia as the 
normal salt (probably Mg It becomes turbid at 76" C., but recovers its 

clearness on cooling. When heated to 50*^ C., or evnpomted in vacuo, it deposits the 
trihydnitwi metacurbonate, Mg"CO’ + 3aq. (Berzelius, b^itzsche.) 

Carbonate of Maqneeium and Ammoniuin, Mg'(UiH^)’C’0* ciys- 
tallisos ill translucent rlitimlNjhotlrons from a mixture of the cold aqueous solutions of 
sulphate or chloride of magnesium nnd sesquicarbonato of ammonia, the latter in 
excess, or from a solution of hytlrate of miignesium in sesquicarbonato of ammonia. 

Carbonate of Magnesium and Potassiu m, (Me*K*ID)C<0'»-|.8aq.. h de- 
posited after a few days in largo crystels from a cold aqueous mixture of chloride or 
nitrate of magnesiuni with excess of diacid carbonate of pota.s8ium. The crystals become 
opaque and lose water at 100® C., and are decomposed by water, which dissolves the 
acid carbonatos of potassium and magnesium, and leaves a residue consisting of the 
hydrocarboiiate 6Mg"CO*.Mg"H'''0'-* + 6aq. (Berzelius.) 

H. Devil le (Ann. Ch. Phys. xxxiii. 76) obtained the salt by tho same process in 
microscopic crystals, apparently having the form of oblique rhombic prisms. By using 
sesquicarbonato of potassium instead of the diacid carbonate, he obtained, together with 
the preceding, another double salt, containing Mg"H®C*0* + 4Rq, The latter is obtained 
separately in small rhombic prisms by digesting magnesia alba for twelve or fifteen 
hours at 60® or 70® C., with diucid carbonate of potassium. « 

Carbonate of Magnesium a^td wm, Mg"Na*C*0*, is obtained in anhydrous 
microecopic crystals by digesting magnesia alba in like manner with diacid carbonate of 
sodium. A fntxture of a magnesium-salt with diacid carbonate of sodium yields no 
double salt, but only Mg^CO* + 3aq. 

Cabbomatb or Hanoanbsb. — T he anhydrous carbonate occurs native as 
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mttegiUy also oftUed Bid Mangtmeft Bk:^doekro9ite, Bnwn Spar, Manffanifnak, It 
forma x^ombohedral crystala, isomorphoua ^th calcite, in which the principal is to 
the aeeondaiy axes as 0*8117 : 1, and tne inclination of the faces meeting in the terminal 
edg«8 106^ 51^ The ciystals are tabular, exhibiting the faces R . ~|R ce R . OR. 
ttoecurs also in globular and bo^oldal forms ; likewise granular massive ; occasionally 
as an impalpable powder. Specific gravity 3*4 to 3 6 ; of a variety from Kapnik, 3'fiOi. 
Hardness 8*6 to 4*6. It is translucent, of rose-red or brownish colour, and vitreous lustre 
inclining to pearly. Streak white. Fracture uneven. Brittle. It is found in tlio Suxou 
mines, at Nagj4y and Kapnik, in Transylvania, near Elbingcrode in the Hart, &c. At 
Glendree in the county of Clare, Ireland, it forms a layer of yellowish-^y colour, 
two inches thick, below a bog. It also occurs in the pulverulent form, coating triplite. 
at Washington, Connecticut. It is generally mixed with the carbonates of calcium 
and magnesium, the proportion of carbonate of manganese varying from 97 to 76 per 
cent. A sample from Ireland, analysed by Grunor (Ann. Min. [31 xviii. 61), giivc 
97 1 per cent. Mn"CO*. 0*7 Fe“CO\ 10 Ca''CO*, 0 8 and 0*1 Mn*0». 

Annydrous carbonate ot manganese may be obtained artificially as a very fine 
amorphous, faintly rose-coloured powder, by heating chloride of manganese in. a sealed 
lube vrith carbonate of sodium to 160*^ 0., *or with carbonate of calcium to 140® — 170® 
from 12 to 48 houi«. (S^narmont, Compt. rend, xxviii. 693.) 

By precipitating manganous salts with carbonate of potassium or sodium, a white 
precipitate is formed, which, after washing with boiling water, and drying in vacuo 
over oil of vitriol, is a snow-white tasteless powder, containing, according to tJie 
analyses of Ure, Turner, John, and Forchhammer, 2Mn*CO* + aq. (Qm. iv, 214). 
According to H. Rose (Ann. Ch. l^harm. Ixxx. 236) equivalent quantities of chloride 
of manganese and carbonate of sodium yield a precipitate containing 6Mn^CO*.2MiiHO. 

Carbonate of manganese, whether anhydrous or nydrated, is permanent at ordiuaiy 
temperatures, but when heated to redness in the air, assumes a ciark brown colour, and 
is converted into manganoso-manganic oxide. Ignited in an atmosphere of hydro^n, 
it yields greenish-grey manganous oxide. Ignited in chlorine gas, it yields, according 
to Wohler, a ciystalline mixture of chloride of manganese and manganoso-manganio 
oxide : 

4Mn''CO" + Cl» » Mn'^Cl* + Mn^O^ + 4CO». 


Chlorine -water or aqueous hypochlorite of calcium converts it, first into manganoeo- 
manganic oxide, atlerwards into peroxide. When recently precipitated, it dissolves in 
ammoniacal salts. It is soluble in 7680 pts. of pure water, and in 3480 pis. of aqueous 
carbonic acid. (John.) 

Cabbon ATBS or Mbrcuby. — Mercuric nitrate gives with neutral or acid car- 
bonate of potassium or sodium, a brown-rod precipitate, containing 4tlg"O.CO*, or 
31Ig"0,Hg'^CO*, (Sotterberg, Pogg. Ann. xix. 60.) From mercuric cliloride, alkaline 
bicarbonates precipitate, not a carbonate but an oxychloride. 

Mercurous nitrate yields with carbonate of potassium a black or yellow powder, 
consisting of mercurous carbonate, (Ug*y'CO*. It is very apt to give off carbonic acid; 
and the best way of obtaining it of definite composition is to mix mercurous nitrate 
with a slight excess of alkaline bicarbonate, sot the mixture aside for a few days, and 
stir it frequently, then wash as quickly as possible, and dry in vacuo over oil of vitriol. 
(Betterbergy cit,) It is converti^ into mercuric oxide by exposure to the air* 
Alkalis blacken it, soparatiiig metallic mercury. (Gm. vi. 16.) 

CABBOBATa ov Mbthvi.. See Cabbokic Ktkvbs. 


Caw. wo VI atw ov '^\cx.uv. — ssAt, ISV'CO*, \% oVAaatiwA by bwsWiMg 
chloride of nickel with alkaline carbonates in sealed tubes, in the same manner as car- 
bonate of cobalt (p. 782), is a grcenish-whita crystallino powder, composed of minute 
rhomlv>hedTon8, scarcely attacked by strong uids at ordinary temperatures. (S6nar- 
mont.) ^ ' * 


A hydrocarbon ate of nickel, Ni"CO*.2Ni"H*0*, called Emerald-nickel, occurs in the 
form of a stalactitic crust on chrorae-iron ore. at 'iVxas, IditK’aster County, Pennsylvania^ 
also atSwinaness in Unst, Shetland. It is amoiythous, with an uneven somewhat scaly 
fracture. Specific gravity =2*67 to 2 623. IlardDOKs 3 to 3*26. Colour, omersldf- 
green with strong vitreous lustre. Streak green. It gives off water when heated, and 
turns blackisb. (B. Silliman,' Jan. Sill. Am. J. [2] vi. 248.) 

Hydro-mickelmagnesii*', a mineral allied to the preceding, but containing magnesium 
as well as nickel, is found in the same localities in serpentine. (Shepard Udd, 266.) 

Nickel-salts tf^ted with alkaline carbonates, yield a pale apple-green, fiocenleiit 
precipitate, which, after washing and diyiiig, sometimes forma a loose, eartfav, pale- 
green mass having a faint metallic lustre, sometimes, especially after continuea wash- 
ing with boiling water, a thick blackish-green mass, having a conchpidal wavy frictnrs. 
The precipitates thus formed always contain water, their composition varying afxxHrding 

3 a 3 



790 CARBOIfATlS. 

to temperaturfi, strength, and propditions of the solutions emplojed. According to 
H. Bose (Ann. Ch. Pharm. Ixzx. 237), the precipitate formed in the cold with 6ix]{mate 
of nickel and neutral carbonate of sodium consists, when^ dried at 100*^ C., chiedy of 
2NrC0*.3Ni"H'0* + 4aq. ; if boiled with a large quantity of water, it appears u> 
take up water and lose carbonic acid. If heated in the air abore 100^, it gradually 
gives off carbonic acid and water, and is partly converted into peroxide of nickel. 
Precipitated carbonate of nickel does not appear to be altered by digestion with 
bicarbonate of soda, even at 60® to 70®. (H. lleville.) 

Carfionates of Nickel and Potassium. — By methods similar to those adopted with 
the corresponding cobalt-salts (p. 782), Dovillo obtained the salt (Ni"K*)C^O* 4 4aq, 
in shining apple-green microscopic needles, and (Ni 'KH)C*0* + 4aq. in light green 
ciystals, apparently having the form of oblique rhombic prisms. The last was also 
obtained by Rose. 

Carbonate of Niekd and Sodium, (Ni"Na*)C*0* + lOaq., is obtained like the cobalt- 
salt, in small ciystals, which appear to be cube- like rhombohedrons. (Dovillo.) 

Oabbonatss of Palladium. — On adding an alkaline carbonate to a solution of 
palladium, a light yellow precipitate is formed, at £rst without evolution of carbonic 
anhydride; but on continuing the precipitation, effervescence ensues, and the precipitate 
turns brown. It retains a small quantity of carbonic acid when dry. (Berselins.) 

Cabbonatbs of Potassium. — Three of these salts are known, all having the 
constitution of mctacarbonatos, viz. the dipota^sic or neutral carbonate, K*CO* or 
K'^O.CO*, the Tnonopotassic or di-acid carbonate, commonly called hicarhonate, KHCO* 
or K.*O.H*0.2CO*, and the Utrapotasmc or sesqui-aeid carbonate, K^H*C*0* or 
2K*0.3C0* + H*0. The last has not been obtained in very dednite form, and is 
perhaps only a mixture of the other two, 

Dipotassic Carbonate, or Neutral Carbonate of Potassium. K*CO*. 8uh- 
carbonate of Potash, Mild ot Aerated Vegt table Alkali, Salt of 2'artar, Purijied Potash. 
Pearlash. Alkali vegetabile fixum. Cineres clavellaii depurati.^ This salt is obtained 
chiefly ftom the ashes of plants. Living plants contain the potassium-salts of several 
vegetable acids, acetic, malic, tartaric, oxalic, &c.; and these salts, when calcined, are 
transformed into carbonate, which remains in the calcined residue mixed with charcoal 
and the various mineral salts contained in the plant, viz. sulphate, chloride, and 
silicate of potassium and sodium, besides carbonate of calcium and other insoluble 
matters. On treating the ash uith water, the carbonate of potassium is dissolved, 
together with the alkaline sidphates and chlorides, and a residue is left, consisting of 
carbonate and phosphate of calcium, silica, clay, &c. The solution is evaporated to 
dryness, and the residue is sold as crude potash. Sometimes lime is stirred in with 
the solution during the evaporation, and then the carbonate of potassium is partly con- 
vert^ into hydrate or caustic potash. The quantity of pota^m obtained from diffe- 
rent plants varies according to their nature, the mast succulent yielding tho largest 
amount, inasmuch as the alkaline salts are chiefly contained in the sap: hence herbaceous 
plants yield more than shrubs or trees. The different parts of the same plant also 
yield different quantities — the leaves more than the branches, the bark more than tho 
wood. 

The ashes of plants are used in all countries for the alkali which they contain, both 
as manure for the soil, and to yield a lye for the bleaching of linen ; but it is only in 
countries where wrood is very abundant, that potash can be advantageously prepared as 
a commercial product. Nearly oil the potash used in the arts comes from America or 
from Russia. 

Crude potash contains from 60 to 80 per cent, of carbonate of potassium, the re- 
mainder consisting of sulphate, chloride, and small quantities of silicate of potasssium 
together with organic matter which has not been completely burnt. This carbonato 
being much more soluble than the other potassium-salts, may, for the most part^ bo 
separated from them by digesting the crude potash for several days with its own weight 
of cold water, then decanting the liquid, quickly evaporating it, removing it from the fire 
as soon as it begins to show turbidity from the formation of small crystals, and leaving it 
to cool, stirring all the while to prevent the formation of large crystals, which would 
enclose mother-liquor in their cavities. The mother-liquor is then filtered oS, the 
crystals washed with a small quantity of solution of pure carbonate of potassiuin, then 
dried and heated to incipient redness in vessels of cast-iron, silver, or platinum. The 
product thus obtained, called pearlash, contains only 2 or 3 per cent, of foreign 
matter, which, however, is difficult to remove. 

Pure carbonate ofpotaseiuat may l>e obtained by i^iting add tartrate of potMium 
(cream of tartar) in a crucible. A black residue is thereby obtained, eonsisting of 
earbonate of poti^iam and charcoal, which is often nsed as a reducing agent, an<lcr 
Ui«f*iiiine of iSaak iux. The carbonate of potassium is separated from the charcoal by 
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Kolatfon IB water, flltration, and evaporation. If the aohttion haa a brown odoiir front 
undecovnpoeed organic matter, the salt mnat be again ignited. 

Carbonate of pot^inm ia sometime prepaid by throwing into a red-hot iron 
vessel, by small portions at a time, a mixture of 1 pt. cream of tartar and 2 pta. nitre* 
The earl^D of the cream of tartar ia then all burnt away by the oxygen of the nitre, 
and there remains a white mass (Med white consisting mmost wholly of carbonate 
of potassium. It frequently, however, contains small ouantitics of nitrite, — which may 
be avoided by diminishing the proportion of nitre use^—and always a little cyanide 
of potassium. 

jhire carbonate of potassium is, however, more easily obtained from the odd car- 
bonate or oxalate (binoxalute). The acid carbonate, KHCO*, is found in commerce in 
largo crystals very nearly pure. It may be further puridod by recrystallisatioii, ani 
when ignited in a platinum or silver crucible, yields the pure neutral carbonate. The 
aciil oxalate of potassium may be prepared by i^ing hydrate of (lotasaium with excess 
of oxalic acid, and purified by several crystallisatious. When ignited, it leaves pure 
cart>onate of potassium unmixcd with charcoal. (H c g n au 1 1.) 

The impurities which may occur in commcreiiu carbonate of potassium am the fol- 
lowing : Stdjfhaiit of potassium : detected by the turbidity produced on adding chlor^e 
of barium to tlie solution acidulated with hydrochloric acid and diluted. ChUtrid^i^f 
potassium: cloud produced by nitrate of silver in the solution acidulated by nitric 
acid. Phosphate of potassium : crystalliuo precipitate by sulphate of magnesium in 
solution treated first with hydrochloric acid, then with excess of ammonia. Nitrate or 
nitrite ofpotassiu?n : reddish brown colour by ferrous sulphate in solution of the salt 
in exci^ of sulphuric acid, Ci/anide of 'jMtasaiuni : Prussian blue, formed by fem»so- 
ferric sulphate and excess of hydrochloric acicL 8oda : crystaUiuo precipitate with 
acid inetantimonate of potassium (p, 327). Cartionate of calcium : rolaintHl in solution, 
partly through the meuium of tho carbonate of potassium: cloud with oxalic acid after 
iieutnilisation with acetic acid. Silica: remains undissolved on acidulating with 
hydrochloric acid, evaporating to complete dryness, and digesting tho rt»sidue in dilute 
hydrochloric acid. Oxide of copper : red-brown precipitate with ferrocyanide of potas- 
sium in acidulated solution. 

Carbonate of potassium is very soluble in water, 1 pt. of the anhydrous salt dis- 
solving, according to Osann, in 1*05 pt. of water at 3® C, (37*4® F.), in O’fi pt. at 12*1®C. 
(54® F.), and in 0*49 pt. at 70® C. (168®F.) The most concentrated solution, contain- 
ing 48*8 per cent, of the anhydrous salt, has a specific gravity of 1*54 ut 15® C., and 
boils at 113® C. (235*4 F.) (Dalton). It has a strong alkaline tast^ snd n>action, but 
is only slightly corrosive. A highly concentrated hot solution deposits on cooling 
rhombic octahedrons containing 20 per cent, of water, corresranding to tho formula 
KH:;0» + 2aq. 

Both the c^'stals and the anhydrrms salt deliquesce mpidly in the air, forming an 
oily liquid. Ttfe anhydrous salt melts at a red heat, volatilises at a white heat. It is 
not decomposed by any temperature in close vessels ; but at a red heat, not sufficient 
to melt it, it is partly decomf>osed and converted into hydrate by a stream of aqueous 
vapour or moist air ; it is not decomposed by diy air op dry hydrogen gas. Charcoal, at 
a bright red heat, decomposes it, with separation of ^tassium and formation of car- 
bonic oxide and other products (see PcrrAssiuM). The af 4 iieoas solution, contoinii^ 
not less than 10 pts. of water to 1 pt. of the dry salt, is de<x>mpoHed by lime at ofdir 
naiy temperatures, and more quickly at the boiling heat, tlio carbonic acid being re- 
moved and caustic potassa produced. With more concentrated solutions, the reverM 
action takes place, caustic i;>ota8sa abstracting carbonic acid from carbonate of calcium. 

Carbonate of potassium is much used in chemical manufactures, especially for the 
preparation of soft soap, in glass making, and in the preparation of cyanide of potas- 
sium, ferrocyanide of potassium, Prussian blue, &c. ; also for the preparation of nitrata 
of potassium from the nitrates of sodium, magnesium, and calcium. * 

Monopotassic Carbonate^ or DUacid Carbonate of Potassium, KHCO* m 
K*0.H*O.2C0* Bicarbonate of Potassa, BerlholU fs neutral Carbonate of Potassa,^ 
This salt is obtained by passing carlM3nic acid gas to saturation into a solution of 1 pt 
of the commercial neutral earl>onate in 4 or 5 pts. of water. Ciystals of the add car- 
bonate soon form, and may be purified by wasliing with a small quantity of cold water. 

If a flocculent precipitate should fonn at first, consisting of alumina or silica, it must 
be removed by filtration. The carbonic acid evolved in alcoholic fermentation, or tiiat > 
which in some localities escapes from the soil, may be utilised for this purpose. A 
very good way of preparing the acid carbonate is to expose the mixture of neutral oar- 
bonate and charcoal, obtained by calcining c:ream of tartar and slightly moistened J 
water, to the action of carbonic acid gas ; the presenco of the chared greatly hMisf 
U(es the absorption of the carbonic odd. The odd carbonate is cUasotved ONl Ihm 

3 « 4 
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the cbmrcosil by boiling water imd left to ciystallise (Wohler, Ann. Ch. Fharni. xxh. 
49). It must not be boiled in iron yesflele, an it would dusolye u small qiiantity of the 


Fig. 125. 


Acid carbonate of potassium ciystallises in large rbomboidal prisms belonging to 
the monoclinic system. Katio of orthodiagonal to clinddiagonid to principal nYia s 
0*3784 : 1 : 0*491. Inclination of clinodiagonal to principal axis « 76^ 35*. The 
crystals often exhibit the faces ooP.OP.ooPoo. —Poo. 'i- 2Pod (^. 125), the face 

— P 00 fluently predominating so £w as to obliterate 
the adjacent faces. ooP : ooP as 138^. Cleavage 
parallel to ooPoo, —Poo, and OP. l^e crystals con- 
tain no water of crystallisation. When heated to 
100 ® O,, they giye off water and carbonic anhydride, 
and are reduced to neutral carbonate : 2KHCO* - 11*0 

-CO* - k«co». 

Acid carboMito of potassium is much less soluble in 
water thatf the neutral carbonate. 100 pts. of water 
dissolve or It, according to Poggiale: 



0®0. . . . 19-61 pts. At50®C. . . • 37*92 pts, 

„ 10 . . . 23 33 „ 60 . . . 41*35 „ 

„ 20 . . . 26-91 „ 70 . . , 45*24 „ 


The aqueous solution when boiled gives off carbonic acid, and Ls gradually changed 
into neutral carbonate. The decomposition i^ sufficiently slow to admit of the puri- 
ilciition of the acid carbonate from a boiling solution without much loss. 

It dissolves but sparingly in boiling alcohol, only indeed to the amount of 1 pt. in 

1200. 

The aqueous solution of acid carbonate of potassium, mixed with the salts of other 
metalit, generally forma double carbonates (pp. 782 — 7 88). It does not precipitate mag- 
nesium-salts in the cold, a character by which it is readily distinguished from the neutral 
carbonate. 

Acid carbonate of potassium is much used in chemical operations where a pure 
potu8sium*salt is re(^uired, as it is very easily obtained in a pure and deEnite state. It 
18 also used in medicine, in cases of gout and uric acid ^avel. 

8e»auicarl>onnte df FotasBiii'm ? — A salt intermediate in composition between the two 
preceaing, was said by Berthollet to be obtained in crystals, by mixing 100 pts. of the 
neutral with 131 pts. of the acid carbonate (1 at. K^CO* witn 2 at. KHCO*), or by 
heating a solution of the di-acid carbonate as long as carbonic acid goes off ; but tie* 
coxding to H, Rose (Pogg. Ann. xxxiv. 149), the latter process yields almost pure 
neutral carbonate of potassium. The salt prepared by the first process should contain 
or 2K’'0.3C0* + H*0 ; but its existence does not apx>ear to have been satis- 
factorily proved. 

= Car DON ATE OF Silver, Ag*CO®, is produced by precipitating nitrate of silver 
%ith an alkaline carbonate. It is white at first-, but becomes yellow when the soluble 
salts are washed out-, and blackens when exposed to light or gently heated. It dissolves 
readily in strong ammonia, and the solution treated with absolute alcohol yields a pre- 
cipitate containing ammonia and carbonate of silver. (Berzelius.) 

At 200® C. it gives off carbonic anhydride, and leaves pure oxide of silver, which 
biggins to give off oxygen at 250®, By precipitating nitrate of silver with a large excess 
of alkaline cavbofiafe and boiling, a basic carbonate is obtained, having, when dried at 
1 00®, the comp^ition 3 Ag*O.CO*, or Ag*CO*. 2 Ag*0, perhaps only a mixture. (H. Bose, 
Ann. Ch. Pharm. Ixxxiv. 202.) 

Carbonates of Sodium. — ^Three of these salts are known, corresponding in 
composition to the potassium salts. 

Disodic Carhonatf. or Neutral Carbonate of Sodium^ Na*CO*. Bvhear^ 
honattof Soda. Soda. Mifd minered ^Jbaii. Alkali minerale fixum. — This salt exists in 
the soda-lakes of Egypt and Hung^|E^,.and in the volcanic springs of Iceland, &c. ; it 
also frequently occurs, mixed with sulphate of sodium, in the form of an efflorescence 
on walis, being formed from sodium-salts contained in the mortar. It is largely used 
in the arts, and was formerly obtained from barilla, the ash of Saleola soda and other 
plants growing on the sea-shore, and from the ash of sea- weed called kelp : but at the 
present day, nearly all the soda of commerce is obtained from common salt, by a process 
invented by Leblanc, towards the end of the last century, and perfected by D’Anfiret 
and D*Arcyc. This process consists of three stages : 

1. The conversion of chloride of sodium into sulphate hj heating it with salplmrie 
acid. 

'' 2. The conversion of the sulphate into carbonate by heating it in a neverberatoiy 
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with ehalk or limestone ind coal. The materinls me mixed in the proportion 
of about 3 pts. of dtr sulphate of sodium, 3^ pts. chalk, and 2 pto. coal The sulphate 
of sodium is reduced to sulphide, urith erolution of carbonic oxide ; and the sulphide 
of sodium is converted by the carbonate of calcium into carbonate of sodium ana 8al« 
phide of calcium, which, by taking up lime, is for the most part converted into an in* 
soluble oxjsulphide of calcium : 

2Ka*S0^ + SCa'teO* + C» « 2Na»CO« + Ca»B*0 + lOCO, 

Fart of the carbonic acid is, however, driven off from the lime by the heat, before it 
can act on the sulphide of sodium, and consequently, the fhsed mass contains, besides 
carbonate of sodium, a variable but always large amount of caustic soda. 

The crude soda obtained by this process, has the appearance of dark-grey, half- 
vitrified balls, — hence called "black balls, ’’-—being brought into this form by stirring 
while in the semi-fhsed state. It varied cos^dorably in composition, as the following 
analyses will show, one of a sample from Catsel analysed by Unger, another tcom New- 
castle, by Bichardron. 


OompoHtion 

of Black SalUf or Crude Soda^ 
Camel. 

Nearoutle. 

Carbonate of sodium 



23-67 

9*89 

Caustic soda 



11-12 

26*64 

Sulphate of sodium 



. 1-99 

3*64 

Chloride of sodium 



2-64 

0-60 

Carbonate of calcium 



• 12-90 

16-67 

Oxysulphide of calcium 
Sulphide of iron 



. 34*76 

36-57 



. 2*46 

1*22 

Silicate of magnesium 



4-74 

0-R8 

Charcoal 



• 1-69 

4‘28 

Sand • . • 



2*02 

0*44 

Water . 



• 2 10 

99*78 

2-17 

100*00 


3. PuriJhaHoh. — The crude or ball soda, after beinjj crushed under millstones aud 
sifteil, or loosened and disintegrated by hot vapour, is lixiviated Tkith warm water, which 
dissolves up the <^rbonate of sodium and the other soluble salts, leaving the oxysulphide 
of calcium undimlved. To effect the extraction with the smallest possible ejuanti ty 
of water, the crude soda is placed in perforated sheet-iron boxes, suspended just below 
the surface of the liquid, and is subjected to a continuous process of exhaustion in a 
series of lixiviating tanks, arranged somewhat like the pans for the evaporation ■1>f 
boric acid (p. 637). Each box containing the crude sods is first suspended ia.'^the 
lowest cistern, which contains a nearly saturated lye, then transferred U> the ndidh, 
which contains a somewhat weaker lye, and so on till it arrives at the highest, into wfi^ 
pure water is admitted from a cistern. When the lye in the lowest tank is saturate^^s 
It is transferred to the evaporating pan, its place being supplied by that in the next, ' 
whicli in its turn is replaced by the thinl &c. In this manner, each portion of liquid 
gets thoroughly saturated, and the ball soda completely exhausted of soluble salts. 
The concentrated solution is boiled down to dryness, and yielt^ a salt ^nsistingchiefiy 
of carbonate of sodium mixed with caustic soda and sulphide. This is called $odei^ 

4. To purify this product further, it is mixed with one-fourth of itf l^lk of sawdust, 
and exposed to a low red heat in a reverberatory furnace, for alwjlit rout hours : the 
carlronic acid produced by the combustion of the sawdust, then converts the caustic 
soda into carbonate; also the sulphide, with evolution of sulphuretted hydrogen. This 
product contains about 60 per cent, of alkali, and forms soda-salt of the fa^t qnali^. 

6. To obtain erystaUised carbonate^ the purified soda-salt is dissolved in und 

the liquid when churified is boiled down till a peljhcle forms on the surface. ^The solu- 
tion is then run into shallow ciystallising v^pseis^^nd after standing for a week, the 
mother-liquor is drawn off, and the czystals are drained and broken up for the market. 
The oystals thus obtained contain 10 at. of water. The mother-liquor, which contains 
the foreign salts is evaporated to diyness for soda-salt. 

The crystallisation of carbonate of sodium generally affords a safe guarantee of its 
purity; the ciystaJsalso dissolve in water much more quickly than the anhydrous salt, 
and are therefore more convenient for many purposes. But when the, salt is r4*quire<l 
in the anhydrous state, as for glass-making, or as a flux in metallurgic operations, or 
where huge quantities are want^ as in the soap- manufacture, tlie soda-salt is preferred, 
as the large quantity of water in the crystals (nearly 63 per cent.) greatly increases the 
cost of transfioit. For some jrarposes, the crude »oda as it leaves the furnace it siillh 
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dentlT pure. In pi«paring it to be sold for each poiposen^ ralpbate of ^ iodinni is used 
containing 10 to 12 per cent, of common salt ; this remains un<manged in the soda, and 
communicates to it the property of easily falling to pieces in damp air, thus obviating 
the necessity of grinding. 

For further details respecting the 8oda<manufacture, see MilUr^s Chemistry^ vol ii. ; 
TMs l>iciionary of ArU, Manufacturer^ and Miner^ iii 720; Chemical ZWjA- 
^ lUclmrdeon and Watte; Payen, Pride de Chimie induetrieUe^ 4^ dd. 

i. 296. 

Other methods of obtaining carbonate of sodium fiom the chloride have been pro- 
posed, but none of them appear to be able to compete with that above described. — 
1, Sulphate of iron produced by the oxidation of iron pyrites, is a cheap article, and 
has been proposed as a substitute for sulphuric acid in the first sta^e of the process : 
sulphate of sodium and chloride of iron are formed, the latter volatilising ; or the two 
salts are dissolved together in water, and the solution is exposed to a low temperatare, 
whereupon sulphate of sodium crystallises out, while chloride of iron remains in solu- 
tion ; or the sulphate of sodium may be made to crystallise out by raising the liquor 
to the boiling point. — 2. Sulphate of sodium may be formed by roasting iron pyrites 
- In a reverberatory furnace with common salt. — 3. Sulphate of sodium is decomposed by 
a solution of caustic baryta or strontia, these earths being procured by decomposing 
the native sulphates with steam at a red heat; the sulphuric acid thereby set free 
might bo used for converting the chloride of sodium into sulphate (Tilghmann). — 
4. Chloride of sodium is decomposed by hot steam in presence of alumina, whereby 
aluminutc of sodium is formed; and the solution of this suit is decomposed by a 
current of carbonic acid gas (Tilghmann). — 5. Ammonia gas is passed into a solution 
of chloride of sodium ; then carbonic acid, whereby chloride of ammonium and acid 
carbonate of sodium are produced : 

NaCl + NH* + CO* + H*0 = NaHCO* + NH'CL 

The acid carbonate of sodium being the less soluble salt of the two, ciystalHses out ; 
it is converted into neutral carbonate by heat, and the carbonic acid evolved is used 
again. Tlie mother-liquor containing the sal-ammoniHC is boiled, to drive off any car- 
bonate of ammonium that it may contain, and this salt is collected ; the solution is then 
boiled with lime, to liberate the rest of the ammonia. In this manner the operation 
may bo conducted with but little loss. (Schloessing and Roland.) 

The impurities found in commercial carbonate of sodium are, su/phidef hypoedphite^ 
sufpkaUt chforide and ferrocyanide of sodium; also potassium-sedts^ carbonate of 
eahium^ and carbonate of magnesium. It may he purified by repeated crystallisation, 
or by washing the commercial crystals with cold water, dissolving them in hot water, 
stirring and cooling rapidly, to prevent formation of large crystals, then draining 
off the mother-liquor, and washing the crystalline powder with cold water. (Ga/- 
Lussae.) 

Neutral carbonate of sodium in the anhydrous state, is a white powder composed of 
translucent particles. It has a specific gravity of 2‘4669 (Karst in). It melts at a 
moderate red heat, more easily tlian carbonate of potassium. It is quite undecom- 
posible by heat in close vessels, but is easily decomposed when heated to redness in a 
current of steam or moist air, less easily in a current of dry air or hydrogen (H. Rose). 
It is decomposed by charcoal at a bright red heat, yielding carbonic oxide and sodium. 
In contact with water, it becomes heated, and fonns a hydrate which disaoLvea It 
has an alkaline taste and reaction, but is even less caustic than 
carbonate of potassium. 

Hydrates, — There are several hydrates of neutral carbonate of 
sodium. — cu The ordinary crystal's which separate from a mode- 
rately strong solution at ordinary temperatures, contain 10 at. 
(62*69 per cent.) water, Na*CO* -i- 10H*O. They belong to the 
monoclinic system. Orthodiagonal ; ciinodiagonal : principal axis 
bbO' 7049 : 1 : 1*0462. Inclination of ciinodiagonal ^ 67*40^. Or- 
dinary combination + P, qoP,[ooPoo] {fig. 126) ; ooP : oo P *■ 
100® 20'. Cleavage tolerably distinct pai^lel to oo P oo, less dis- 
tinct parallel to [ oo P oo]. Specific gravity » 1*423 (Haidinger). 
They effloresce in moderately dry air, crumbling to a white powder, 
and giving off 5 at. water at 12*6® C. and 9 at. at 38® (Schindler) ; 
9 at, also m vacuo over oil of vitriol (B 1 ti c h er). The lO-hydrated 
salt Occam as a natural product called natron^ together with the 
mono-hydrate, at the so^-lakes of Egypt and Hongair, at Vm- 
vius, Etna* and in various parts of Asia, Africa, and America. 
(Dana, ii. 455.) 

a. Na*CO* + I5aq. is obtained in crystals, when a solution of the 
neufral salt is axposel to a temperature of — 20® C., and the frosen water is afterwards 


Fig. 126. 
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•nowed to liquefy ; and Ka'CCi- hf zejmtedfy d^tallwing a solution which at 
fixflt contains a portion of acid carbbnate. (Jacqnelain, Compt rend* xxx. 106.) 

h. NaK20* + 8 aq. d^taUisea in right rhombic prisms wit h four-Rided summits, when 
the 10-hydrated salt is melted and left to cool, or from a hot-sjiturated aqueous solu- 
tion, apparently at a temperature lower than the cryatalliaing ()oint of tlie mono- 
hydrated, and higher than that of Uie deca-hydrated salt. (Thomson, Annah t\f 
PkiloeophVt 26, 44.) * 

r. Na*CO* + f aq. — ^This hydrate mystallises in two forms, (a) rhombohedral ; (6) in 
trimetrie crystals of the same form as Thomson’s salt (which, according to Loowel, 
contains, not 8 at. hut 7 at. water). When a solution saturated at the houing heat is 
enclosed in a dask, which is corked immediately after the boiling has ceased, no crys- 
tals are deposited from it for a long time on cooling down to between 26® and 18‘^ C. ; 
but on cooling below 8® it deposits cbiedy the trimetric 7-hydratt‘d suit. Between 16® 
and 10®, it yields the rhombohedral salt (a), which rcdissolvcs between 21® and 22®, 
forms again at 19®, and on cooling from 10^ to 4® b(M}om«'s opaque, and passes into 6. 
Alter cooling to a lower temperature and for a longer time, when the state of super- 
saturation ceases, the whole is converted into a mass of crystals of the dcctt-hydrutcd 
salt (H. Loewel, Ann. Ch. Phys. [3] xxxiii. S34.) y 

rf. Na®CO* + 6aq. crystaHisefl from a solution of protosulphide of sodium expose<l to* 
the air, and frequeutW also from a mixed solution of carbonate of potassium and 
chloride of sodium. (Mitscherlioh, Pogg. Ann, viii. 441.) 

f. Ntt*CO*+6aq. is formed when the 10-hydratod salt effloresces at 
(Sch indler), also when tlio same salt is melted in its water of crystallisation, and alter 
the mono-hydrated salt haA crystulliswl out between 70® and 80® C., the remaining 
liquid is kept for some time at 34® ; it is also formed from the mono-hydrated salt by 
eK[K)sure to the air (Berzelius). It was once accidentally obtained at the Buxweiler 
soda works, in tran8|iarout rhombic octahedrons, which effloresced slightly in the air, 
and when dissolved in water and evaporated at 30® 0. yielded the same salt. (Persos, 
Pogg. Ann. xxiii. 303.) 

/. Nu*CO* + aq. is formed from the deca-hydrat© by efflorescence, and is found native 
as thitrrnonatritc^ in the same localities as natron, and is indeed the more common salt 
of tlie two. It forms rectangular tables of the triraotric system with bevelled edges. 
The same hydrate separates from a solution of the neutral carbonate conceiitruted 
by ©vHjxiration at the boiling heat, a circumstance which is mail© available in the soda 
manufacture for the puridcation of the salt, the ciystalline powder which sepamtes 
from the boiling solution being taken out and drained ; if lofb to cool in the solution, it 
would redissolve. It does not undeiw the aqueous fUsion when heated, but gives off 
its wat4*r and becomes opaque at 87® C. It absorbs water from moist air, and is con- 
verted into the pentahyorate. In a warm atmosphere, it absorbs carbonic acid and 
Ibmis seaquicarbonato. 

Stjlution of CarhonaU of Sodium. — ^According to Poggiale, 100 pts, of water dissolve 
of the anhydrous salt, 7'08 pts. at 0® C., 16’66 at 10% 26*93 at 20®, 30*83 at 26®, 36*90 
at 30®, and 48*6 at 104*6®, which is the boiling point of the saturated solution. Ac- 
cording to Anthon, the 10-liydrated salt dissolves in 2 pts, of cold, and much less than 
1 pt, of hot water. According to Loewel (loc. cii.) 100 pts. of a saturated solution con- 
tain of tho 10-hydrated salt, 7 pts, at 0®C., 12*1 pts. at 10®, 16*2 pts. at 16®, 21*7 pts. 
at 20®, 28 6 pts. at 26®, 37*2 pts. at 30®, 61*7 pts. at 38®, and 46*6 pts. at 104®. Hence 
it appeim that there is a maximum solubility at 38® C. 

Solutions of carbonate of soilium are capable of assuming the state of supersatura- 
tion, like those of the sulphate. A solution saturated at the l>oiling heat and imme- 
diately enclosed in a sealed tube or a well corked flask, remains supersaturated at 
common temperatures, and frequently even when cooled several donees below 0® C. 
Keeping the air in contact with the lu^uid from agitation, as covering the hot solu- 
tion with a glass shade, is often sufflcient to prevent crystallisation at ordinszy tem- 
peratures ; but access of air then causes immediate solidification, attended with rise of 
temperature. Tlie supersaturatcHl solutions, as already observed, defjosit the 7-hy- 
drated salt in two diflerent modifleations, according to temperature {vid. sup.) 

JBdonosodie Carbonate* Di-ueid Carbonate of Sodium. Picarbonate of Soda, 
NaHCO* or Na*O.H*0.2CC>®.— This salt exists in elution in alkaline mineral wnti‘rs. 
It is prepared : 1. By passing carbonic acid gas into a solution of the neutnii carbo- 
nate as long as it is ab 80 rDed.-^ 2 . By expot^ing the effloresced neutral carlionnto 
placed on trays in a wooden cas^ to an atmof^>here of carbonic acid.— -3. By adding 
commercial carbonate of ammonia (which is chiefly bicarbonate) to an ecjual weight of 
chloride of sodium, dissolved in three tiroes its weight of water, stirring the whole 
well together, and leaving it to stand for several hours. Monosodic carlmnati* rhen 
separates in ciystalline grains, while chloride of ammonium rt'mains in solution (p. 794^ f 
Naa -r NU%H.CO* « NaHCO* r NHH:L 



The precipitate is separated from tile p^move/ in Imt it 

always retains a portion of chloride of soditmiv 

Monosodic carbonate crystallises in oblique four-sided tabh», and is sometimes ob- 
tained by the flrat method in crystals of considerable the second and thiid 

methods yield it in the form of a ciystallinepowdeh It has a sUght alkaline taste sad 
reaction, and is permanen t in diy air at ordmaiy temperatures. At a red heat^ it giTse 
off water and carbonic acid, and is reduced to anhydrous neutral carbonate. 

100 pts. of water dissolve of monosodic carbonate, 8*95 pts. at 0® C., 10 04 pt«, 
at 10®, H’15 pts. at 20®, 12-24 pts. at 30®, 14*45 pts. at 40®, and 16*69 ,pts. at 70® 
(Poggiale). The solution gives off carbonic acid slowly at ordinary temperatures, 
more quickly at 70® C., rapidly at the boiling heat, and is ultimately redii^ii^ to nen- 
tral carbonate. It does not precipitate magnesium-salts in the col^ but at |lie boiling 
heat carbonic acid escapes and a precipitate of carbonate of magnesium is fordM; this 
character distinguishes it from the neutral carbonate. Acid carbonate of so^urn is used 
for the preparation of effervescing powders, and as a remedy in certain calculous ditiordent. 

7'etrasodic Carbonate or Seaquicarbonate of Sodium, Na^H*C*C)» v 
2nq. 2Na®0.H*0.3C0* + 2aq. — This salt, which may be regarded as a compound 
of the mono- and di-sodic carbonates (2NaHCO* + Na*CO®), is found in Africa, in the 
province of Sakenna, two days’ journey from Fezzan, where it is called trona; it 
occurs at the foot of a mountain, forming a crust, varying in thickness from an inch to 
that of the back of a knife ; also as urao at the bottom of a lake in Maracaibo, South 
America ; efflorescences of it occur also near the Sweetwater River, Rocky Mountains, 
mixed with sulphate and cliloride of sodium (Dana, ii. 454). * It is produced artifi- 
cially : 1. By mixing the mono- and di-sodic carbonates in the proportions above indi- 
cated, melting them together, frying, and exposing the dried mass to the air of a 
Cellar for some weeks ; it then absorbs water, becomes crystalline, and contains spaces 
filled with shining crystals of tetrasodic carbonate. From a hot solution of mono- and 
di-sodic carbonates, the two salts crystallise out separately on cooling (Hermann, 
J. pr. Cliem. xxvi. 312). — 2. A solution of the monosodic salt, concentrated by boiling, 
but not boiled long enough to reduce it to the disodic salt, deposits the tetrasodic salt 
on cooling. — 3. If 4 oz, of alcohol be poured on the top of a solution containing 100 
grains of the disodic and 162 grains of the crystallised monosodic carbonate in 4 oz. of 
water, fine clear noedle-sliaped crystals of the tetrasodic salt form, after some days, at 
the surface of separation of the two liquids, while at tlie bottom of the solution, large 
crystals of the disodic carbonate are found covered by a crust of the monosodic salt. 
(Winckler, Gmcfin'a Hajidhook^ iii. 83.) 

The crystals of the native salt belong to the monocl in ic system. Orthodiagonal: 
clinodiagonal : principal axis = 0'3552 : 1 : 1*282. Inclination of eliiiodiiigonal to prin- 
cipal axis ss 53 60'. OUserved combination ooP.oP. ^ P oo, prisinatically elongated 
in the direction of the orthodiugonal. oo P ; oo P = 132® 30'. Cleavage very perfect, 
panillol to + P oo. They are colourless, transparent, or translucent, with vitreous 
lustre. Specific gravity 2*112. Hartlness 2*5 to 3. Structure foliated, radiating; 
fracture conchoidal. The artificial crystals are small, and of the same form as the 
native crystals. The salt has an alkaline taste and reaction, and is not efflorescent. 
At a red heat, or when its aqueous solution is boiled for many hours, it is reduced to the 
neutral carbonate. It is intermediate in solubility between the two preceding salts. 
According to Poggiale, 100 pts. of water dissolve of it, 12*63 pts. at 0® C., 18*30 pts. at 
20®; 38-95 pts. at 40®; 29 68 pts. at 60®; 36-^0 pts. at 80®; and 41-59 pts. at 100®. The 
solution is not rendered turbid by 1 pt. of sidphate of magnesium dissolved in 10 pts. 
of waU‘r. Evaporated in vacuo over oil of vitriol, it yields a mass of crystals composed 
of the mono- and di-sodic carbonates together. (II.^Rose, Pogg. Ann. xxxii. 160.) 

Carbonate of Sodium and Potassium, KNaCO* + 6aq, — Separates from 
a solution containing equivalent quantities of the component salts, in monoclinic crystals 
exhibiting the faces ooP , opPoo . [ ooPoo] . odP 2 . [ ooP2] . OP . + P . + P2 . + 
P oo . + 2P oo [P op] . -f 2P oo. Inclination of faces; ooP : ooP in the clinodiagonal 
principal section =» 108® 34'; OP: ooPoo * 131® 48'; OP: ooP « 122® 46'; OP: 
H- Poo =» 124® 48'; op : + 2Pc» — 84® 19' (Marignac, Compt. rend. xlv. 660). 
Nearly the same angular values were observed by R^narmont. The crystals are per- 
manent in the air. A salt containing K*NaH)*0* + 18aq. is mentioned by Margue- 
pitte (Ann. Ch. Pharm. Ivi. 220) as crystallising from the mother-liquor of ferro- 
cyanide of potassium, and from a concentrated solution of the simple salts; but 
Marignac was not able to obtain this compound, and is of opinion that the formula is 
deduced from an incorrect analysis. 

A mixture of the neutral car^nates of sodium and potassium in equivalent propor- 
tions, fiises at a much lower temperature than either of the salts separately, donbt- 
^8 in consequence of the formation of the double salt. Satii a mixture ia very useful 
in the fusion of silicates, 5cc. 
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CarhonaieBojiinbtidiu^ lOaq*— -OoeimabuiidaDtlT» 
as Oaj-Liissite, Ht XB||tt)dtis nw iti^Maitoiibo, e^enng wroo; found also at 

Saogerhaiuieii in Tliufitigia. T^^ystali^ are moiK^nic. Inclination of axes 
» 78^ 27' ; ^ Cleavage perfect parallel to ooP : leia perfect 

pai^lel to OP. They alS^yeUdwieh^white, translucent, double refracting, extremely 
with concboldal fraohire, and ^ exhibit a vitreous lustre on the br<^en surface. 
Specific gravity » 1*02— 1*9IL Hardline 2-^3. The mineral decrepitates when 
• heated, and becomes opaque from loss of water. In the hydrated state it dissolves 
sparingly in water, witnout de(X)mposition ; bnt the anhydrous salt is resolved by water 
into carbonate of sodium and carbonate of calcium. CSystals of Gay-Lyssite, altered 
to calcitc, are sometimes called naerocafeit^'. (Dana, ii. 453). 

The salt Aiay be prepared by fusing the anhydrous carbonates of sodium and calcium 
together iiMiitoinic proportions. 

The doifole salts of carbonate of sodium with other metals, magnesium, cobalt, 
sine, & 0 ., are described with the carbonafes of those metals. 

CxBBONATB OF Stbontium. St'^CO* — Occurs native os Stronfianite, at 
Strontian in A^gyleshire, where it was first observed; also in Yorkshire, -at the Giant's 
Causeway, at Clausthal in the Harz, at Braunsdorf in Saxony, Leogang in Saltzbuig, 
and other localitiw. It forms ciystals of the triraetric system, isonioqilious wiw 
arragonite and witherite. Katio of brachydiagonal to macrodiagoiial to }>rlncipal 
axis =• 0-6026 : 1 : 0*7237. The ciyatals are often prismatic from predominance of 
the faces obP . ooP o& and P oo. Cleavage tolerably perfect parallel to ooP, less perw 
feet parallel to 2P oo. Specific gravity 3*605 — 3'713. Hardness 3*5 to 4. Colour 
white with various shades of gr<% green, yellow, and brown. Streak white. laintre 
vitreous. Transparent or translucent. Fracture unoven. Brittle. Before the blow- 
pi|>e it melts on the edges and swells up, emitting a brilliant light, and when strongly 
heated in the reducing fiame, imparts to it a reddish tinge. Strontianite oeciirti 
altered to coelestine by the action of soluble sulphates. Unryto-strojitianitef from 
Stromness in Orkney, appears to be a mechanical mixture of the carbonates of strou- 
lium and Vjarintn. 

Carbonate of strontium obtained by precipitation is a white substance, smooth to 
the touch and has but little cohesion. It dissolves in 18045 pta. of coto water, and ia 
66515 pts. of water containing ammonia or carbonate of ammonium (Fresanius); 
in 300,000 pts. of wafer, whether cold or hot (Bineuu, Compt. remd. xli. 509); in 
833 pts. of water sjiturated with carbonic acid at 10® C. (Lussaigne), and in thii 
stiite it ocenra in some mineral waters, whence it crystallises by evaporation in needIo> 
si 1 aped crystals. When heated in close vessels, it docs not give off carbonic anhydride 
jit any temp^'rature short of that of a foi^e fire ; but in a stream of aqueous vapour or 
moist air, the decomposition takes place at a lower temperature, with formation of 
hydrate of strontium. It is not decomposed by solutions of alkaline sulphates at 
any temperature. (H. Ros e, Pogg. Ann. xcv. 284). 

Cabbonatb of Thobinum. — Alkaline carbonates, added to solutions of thorU 
num-salts, throw down a basic salt, with evolution of carbonic acid. Moist hydrate of 
4horinum absorbs carbonic acid from the air. The anhydrous earth is not soluble in 
Witter containing carbonic acid. ^Berzelius.) 

Cabbonatbs or U ran These salts do not appear to exist in the separate 
state. Alkaline carbonates throw down from uninous chloride a precipitate of 
uranouB hydrate-; from uranous sulphate, a basic sulphate ; from uranic salts, precipi- 
tiitcs consisting of double carlwnates, 

Ammonio-urantc Cardonaie, 2L(RH<)*O.CO*] + U*0*.CO» or Carbonate of Uranf/l* 
amd Ammonium, C*0*.— On digesting the precipitate thrown down byammonta 

or carbonate of ammonia firom a uranic salt in a solntion of carbonate of ammonia 
at 60® — 80® C., till the liquid is saturated, then filtering hot, and leaving the filtrate 
to cool, this salt separates in small transparent yellow crystals. It decomriosoa 
■lowly in the air at common temperatures, more quickly when heated, ultimat^ lead- 
ing a residue of brick-red uranic oxide. It dissolves in 20 ots. water "at 16® C., more 
easily in water containing carbonate of ammonia. The solution, when boifed, gives 
off carbonate of ammonia, and deposits the whole of the uranium as a yellow precipi- 
tate, consisting, according to Arfvedson, of uranic oxide with small qi^titics of am- 
monia nnd carTOnic acid; according to Pdligot, of uranate of ammr)nium ; according 
to Ebelmen, of nnuuc bydrafh containing 2 per cent, ammonia, Init no carbonic ociu. 
(Bbelmen, Ann. Ch. Phys. [3] v. 189; Delffs, Pogg. Ann. Iv. 229.) 

Poia$9io~uranic Carbonate, K*(UK))*CH>* — Obtained by dissolving in arid carbonate 

potasrinm the precipitate thrown down from uranic salts by the neutral carbonate, 

• ITrsayl. U*0*. It » dUtemle ridicle which may ha tuppotad to aalrt In the uranic Mitt, e.g. 
siirme, UHP UaaatUM.) 
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evaporating at a gantla heat, and recrjratalllsiiig. It forma a bngbt.7ellow eirstamna 
crust, which gives off carbonic anhydride at 300® O., and when heated to redueesSSS 
a red-b?ick mixture of uranate and carbonate of ^tassinm. It dissolves in 13>5 pu 
of water at 16® C. without decomposition, but is partially decomposed by boiling 
which throws down uranate of potassium. The same compound is deposited after a 
while from a cold solution of the double carbonate, if very diluteand not containiMeaeoi, 
of c:trbonate of potassium. Caustic potash precipitates the u^le of the p, 

uranate of potassium, even in the presence of a largo excess of dirbonate of potaMium. 
Acids, if not added in large excess, produce the same light yellow precipitate as is ‘ 
produced by carbonate of potassium in uranic salts. The double salt is insoluble in 
alcohol. (E b e Ime n, loc. cit.) 

Sodio-uranic Carbonate, Na*(U*0*)"C*0*. — Prepared like the preceding, which it 
resembles. 

Calelo-uramc Carbonate, Ca"(lT*0*)"C*0* + 20aq.— Found native as LkbigiU, in 
amorphous rounded niassts, having a distinct cleavage in one direction, transparent, 
of a beautiful apple-green colour, and vitreous lustre on the fractured surface. Hard- 
ness 2 to 2-5. ■ (lives off water when gently heated and turns blackish-grey ; dots not 
fuse at a iieat, but turns black, and acquires an orange-red colour on cooling. 
Occurs, with Medjidite, near Adrianople, also at Johanngeorgenstadt, and in the 
Joachimsthal. (J. L. Smith, Ann. Ch. Pharm. Ixvi. 253.) < ^ 

A. calcio-uraTUius carbonate, Ca"U"C*H* + 6aq., occurring in siskin-green scaly aggrega- 
tions on pitch-blende at the Elias mine near Joachimsthal, has been examined by Vogl 
and Lindacker (Jahrb. k. k. geol. Keicheantalt, iv. 1853, 221). A carbonate of ura- 
nium, copper, and calcium, called Voglite, which, maybe regarded as an orthocarbonate 
+ lOaq., occurring in the same locality in aggregations of green 
dichroic, crystalline, pearly scales, has also been examined by Lindacker {loc. cit.). 

Oauhonate of Yttrium, Y"C0* (containing also erbium and terbium).— Precipi- 
tated from yttrium-salts by carbonate of sodium, with 13 at. water in the cold, with 
2 at. at the boiling heat. It is not easily decomposed by heat ; dissolves sparingly 
in water containing car1>onic acid ; decomposes ammoniacal salts and dissolves in the 
liquid. Its soliitiou in carbonate of ammonia deposits, after a time, if concentrated, a 
white crystalline double salt, which does not redissolve in carbonate of ammonia. 
Carbonate o^yttrium dissolves also, tiiough less easily, in the carbonates of potassium 
^d sodium. (Berzelius.) 

OaRTioNATfis OF ZiNC. — The neutral carbonate, or metacarbonate, Zn"CO*, occurs 
native as calamine (p. 713). It is doubtful whether this Vknhydroua salt can be ob- 
tained by precipitation. According to Schindler (Gnielin's Handbook, v. 16) it is 
produced by precipitating a solution of 1 at. sulphate of zinc in 10 pts. water with 
1 nt. diacid carbonate Of potissium or sodium ; but, according to Berzelius, the pre- 
cipitate thus formed is 2Zn"CO*.3Zu"IHO*. 

Ilt/drocarhonales. Zmc-bloom, which occurs i n nature as an earthy incrustation 
and in reriiform mu8sc.s, has, accorvUiig to Berzelius, the composition 5Zn''O.CO*+ 3aq., 
or Zn"(?0*.Zn''().3Zn'Tr‘*0^ ; according to the analyses of Smithson and Bonsdorff, it 
is 3Zn"O.CO’* + 3aq., or Zn"CO* 2ZnH'*0' -l- aq. It is dull and optique, with white,* 
greyish, or yellowish colour, and makes a shining streak. Specihe gravity = 3*68 to 
3*6. Hardness *= 2 h) 2*5 (Oni. vi. 16). Anrirkafate, or grem calamine (p. 476),— 
fiiuud in the Altai, and at Matlock in Derbyshire, may be regarded as 2Zn"CO*. 
3Zii"H in which the zinc is pjvrtly replaced V)y copper, liuratite (p. 686) is a 

hydrocarbonate of zinc containing copper and ciilcium, perhaps a mixture. 

The precipitates formed by alkaline carbonates in solutions of zinc-salts all appear 
U) couttiiii water, their constituthm varj'ing with the strength and temperature of the 
solutions, and with tlie nature and proportion of the precipitant. The results obtained 
in individual cases arc variously stated by diffcnnit authors; those obtained by 
H. Rose (Pogg. Ann. Ixxxv. 107 ; Ann. Ch. Pharm. Ixxxiv. 210) are as follows: 

a. With 1 at. Snlj^hate of Zinc and 1 at. Heutral Carbonate of iiodium. — W hen the 
solutions are cold and concentrated, the precipitate consists mainly of 2Zn"CO*. 
3Zi/'H**0* + 3aq., it remains unaltered at 60® C., but, after drying at 100®, is com- 
posed of 4Zn"C0*.7Zn''H‘''0* + aq. Voiy dilute cold solutions and concentrated 
boiling solutions yield a precipitate consisting mainly of 2Zn**C0*.Zn*H*O* or 
Zii*HHl®0», combine<l with variable quantities of waUr. 

h. With excess of Neutral Carbonate of Sodium* — The precipitate from cold solutions 
contained, when dried at lOO® C., 5Zn"C0*.9Zn"H®0* ; from moderately warm solutions 
3ZT\"C0*.5Zn''ll=0^ (^ 100®), but if very Urge quantities of liquid were used, it con- 
sisted of Zn"CO».Zn'WO*. 

c. WUh I at. Sulpkate of Zinc and 1 at. Acid Carbonate of Sodium (NaHCO*). — 
The precipitates contain more carbonic acid than the preceding. When they are dned 



in nmo, a laiga ^ «oia tepaa, and 

jlZii%'0».aZoTl“0» + < - 

a, WUh 0 ifiom i^f Aoid Omrbomat^ of lipdhm*-^'Ftom cold adiilioDa a faMiab^ vm 
sewal tinieB formed oontaining 42;ii''GO*.dZn*HH)* + aq.(at \00% A 
oa the large ecale, with lathet wajnn aolntioaa, yielded 2Zn*'G0*jE&''H*0^ Tke |»a« 
cipitate obtained with cold aolutioiwi, afttf atanding for some time, had, when idr* 
dn^ tfot not waahe^lhe compoaition a(4Zii'^00*^11^0*) <f 6aq. ; aftes drying at 
it became 4Zn*OC^»Zn*TtlH)*. 

«. Wit^ excess ijjT Aeid Catbonaie pf Potaesium . — The precipitate not wilhed, but 
dried between filtering paper, had the compoaition 2Zn''CO* + 2H*0. After waahing 
with cold water and dr^'ing in the air. it became iZn^CO* + 6aq. ; at 100® it waa 
z^uced to 4Za''CO* + aq. ; and at 200® to 6Zn"CO* -*• aq. 

According to Schindler, baaic ealta having the compoaition SZn^O.GO* 4* 2aq., or 
Zn"CO* 7Zn"0.2H“0 and 4Z»"O.CO*. 211*0, or Zn"C0>.3Zn"0.2U*0, are obtained by 
precipitating the correapuiiding eulphatea of zinc with carbonate of aodium. Acooid- 
ing to Bouasingault, ordinary sulpliato of zinc precipitated with aetMuicarlmnate of 
aodium at ordinary temperatures, yields the salt 2Zn"O.CO* + 2aq., or (Zn")*CO* + 2aq. 
According to Schindler, hot aoiutions of these salts yield a precipitate of the same 
composition as zinc-bloom. (0 m. v. 15.) 

All the hydrocarbonatcs of zinc give off their water and carbonic anhydride at 
200® 0., and are reduced to zinc-oxide, Zn"'0. The native carl>onate romaioa unaltered 
at 200®, but slowly gives off carbonic anhydride at 300®. (H. Kose.) 

Anm&nio^rhonate of Zinc, Nll*.Zn"CO*,or Carlionate of Zinc and Zinc^ammattitm, 

Zn" (^H*Zn)"(^*‘ — in crystals from a solution of precipitated carbonate 

of zinc in a strong solution of carbonate of ammonium. (Favro, TVaif^ de Chimie 
par l^louce et Fremy, 2"* Ad. iii. 47.) 

Carbonate of Zinc and Potassium^ fZn*K*H*)C*’0“ + 7aq. — Deposited in crystals 
from a solution of chloride of sino mixea with sosquicarbonate of potaiwium. (D e v i 1 1 e, 
Ann. Ch. Phys. [3] xxxii. 75.) 

Carifonate of Zinc and Sodium, (Zn*Na*)C*>0“ + 8aq. — ^mall shining crystals, 
upparuntly tetrahedrons and ocUihedrons, obtained in like manner. fDeville.) 

C'aKiioNATB OP ZiucoKivif. SolutioBB of zirconium-salts, treated with excess 
of alkiiline carbonate, yield a precipitate soluble in acid carbonates of alwi -metal, Itlld 
contiiiniug. according to Hermann, 76'6 per cent, zirconia and 20*39 per cent, wfitir, 
agreeing with the formula 2Zr*0*.CO* + 6aq. According to Klaproth, however, it 
contains 5r5fM’r cent,, and, according to Yatiquelin, 55*5 per cent, zirootiia, ^ * 

caJtBoarxo acxb and AjrsnmxBB. See Cabbov, Oxidxs gr (p. 770). 

CAJtBOVXO BTBBBS. Carlxmatee of Alcohol^radiclce . — These compounds art 
nn'tacarbonates, M»CO*, in which one or both atoms of base are aleobol-ndioles. 
Those whicli contain 2 at. of alcohol-radicle, the neutral carbonic rf Arrs, are obtained : 

1. By the action of carbonate of silver on the iodides of the alcohol-radicles — 2. 
the action of potassium or sodium on the anrresponding oxoJates. This reaction is 
attended with I'yolution of carbonic oxide, and probably takes place in the manuer 
represented by the following equation : 

2(C*II‘)*C*0« + K* - (C*H*)*CO* 2C*H*KO + 3CO. 

UsaUie of ethvl. CarbiMiHls of Kthyliiin of 

fthyl. potsbtitim. 

8. By the action of water on the cblorocarbonates of the alcohol-nidicles (^dufjed 
by passing oxychloride of carbon into the alcohols), and by the dry distillation of 
these same products. In presence of water, the action is such as is represented by 
the equation, 

+ H*0 - (C*H*')»CO» + CO* + 2HCL , 

\C*11 CartHmute of 

Chlorocarbo- smjrl. 

nate of smyl. 

The decomposition of the cblorocarbonates hj dry distillation is more complicated, 
a considerable quantity of charred matter remaining behind ; hut the [>riDGipH] reaction 
is dioubtlesB the splitting up of 2 at. of the chlorocarbonate into a carbonic ether and 
oxychloride of carl^n, e, g. : 

2(CaO*.0*lI‘*) - {C*H»)*CO» + COCl*. 

The neutral carbonic ethers are ethereal oily liquid^ insoluble in water, soluble in 
alcohol and ether. They are decomposed hy alcoholic potash, yielding carf^nate of 
potaas^ and the eorresponding alcohols. Two volumes of the vapour of (tach of theae 
ethers contain two volumes of alcohol-radicle, a fiict which tends to establish tlie di- 
hasicity of carbonic acid. (See Aciimi, p. 4fi.) 
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hydrete of baring yieL^ carbouiEte bf 1 
Oabboitatb of Aktl. C“BP®0* * I 
amylic alcohol Bfith oxychloride of earboi^ 1 
Ing it with oxide of lead to remove chlorine^ I 
tifying (Mie4jltt!0]^"'Chem. Soc. Qu. J. i 368). — 2. By decomfiosing 
with potaii^m or eodium. The action be^ns immediatefr^ Ipt heat is xeqiL..»i ^ 
complete iti" By distillation, a yellow liquid is obtained^ wlldl beguu' to btAat 180^0,, 
yielding amylic alcohol ; afterwards carbonate of amyl passes orer at the quantity 
amounting to about three-fourths of the original distvllata The residue oontahisa 
strong-smelling riscid matter. (Bruce, Ohem. Soc, Qu. J. v. 132.) - - 

Carbonate of amyl is a colourless liquid, having an agireeable odouFi and Specifie 
gravity as 0*9144; it boils at 224^ — 225°C. ' 

0A.BBONATE OP Ethyl. Curbomc Ether. C*II**0* « (C'H*)^60*vt**This ether 
is prepared : 1. By the action of potassium or sodium on oxalate of ethyl, we materiids 
beingheated in a retort to 130^ 0., and fresh potassium or sodium adde<i, as loim as car- 
bonic oxide continues to escape. On cooling the residue, and treating it wiw water, 
carbonate of ethyl rises to the surface : it is dried with chloride of calcium, and rectified 
over a small quantity of sodium, then heated alone till the boiling point becomes 
stationary, the portion which afterwards passes over being collected apart (Ettjlihg, 
Ann. Ch. Pharm. xix. 17). — 2. By distilling a mixture of ethyl-carbonate and ethyl- 
sulphate of potassium. (Chancel, Compt rend. xxxi. 621.) 

CPKKK.CO* + C*H»K.SO* - K®SO< + ((yR^yCO*. 


Carbonate of ethyl is a colourless limpid oil, having a sweet ethereal odour, and 
burning taste. Specifle gravity *= 0*976 at 19® C. Boils at 126®, and volatilises without 
decomposition. Vapour-density *= 4*243 (Ettling); 4*09 (Cahours); by calculation 

for a condensation to 2.vol. it is ^ x 0 0693 =a4’089. It is inflammable, 

and burns with a blue flame. It is insoluble in water, but dissolves easily in alcohol 
and ether. With alcoholic potash, it yields alcohol and carbonate of potassium. Heated 
with sodium, it gives oflT carbonic oxide, and fonus ethylate of sodium, together with 
oarbonate y) (Lowig, Pogg. Ann. 1. 122). The reaction is perhaps : C*H'®0* + Na=» 
+ Co (Gm. ix. 393). Chlorine decomposes carbonate of ethyl, abstracting 
hydEofaw, t^sd forming the two following substitution-products : 

Tei^kaiioi^carbonio Ether, C*H"Ci*0*, commonly called Bichlorocarbonk ether. 
—.ObteiDBd by passing chlorine through carbonate of ethyl in diffused daylight, heat- 
ing the4iquid to 70® — 80® C. in the latter part of the process, and expelling the excess 
of chlorine by a stream of carbonic anhydride. It is a colourless liquid having a sae- 
•harine odour, much heavier than water, and insoluble therein ; soluble in alcohol. It 
is decomposed by diy distillation, (Cahours, Ann. Ch. Phys. [3] ix. 201.) 

Perchlorocarbo7iic ether, C^CI'®0*. (Cahours, /or. ; Malaguti, Ann. Ch. 
Phys. [3] xvi. 30.) — Produced by the continued action of chlorine on the preceding 
compound in direct sunshine. The resulting crystalline mass must be purified by 
pressing it between folds of bibulous paper, washing it rapidly witli small quantities of 
ether, again pressing, and leaving it for some days in a diy vacuum. It cannot be 
purifiEHl by crystallisation from alcohol or ether. 

It is a white mass, composed of small needles, and having a faint odour; melts 
between 86 and 88® C., and solidifies between 66® and 63®. At a higher temperature 
it partly distils unaltered, and is partly resolved Into carbonic anhydride, chloride of 
trichloracetyl, and trichloride of carbon : 

C*C1«0® - CO* + C*Cl*O.Cl + C*C1* 


When dissolved in alcohol, it changes to an oil which is a mixture of carbonate and 
trichloracetate of ethyl, a large quantity of hydrochloric add being produced at the 
same time : 

C*C1'*0* + 4C»H»0 - (C’H»)*CO* + 2(C*fl* C*C1*0*) + 4HCI. 

Heated with potaah-lev, it yields formate, chloride and add carbonate of potasnum, 
together with hydrocucric add : 

CK31'®p* + lOKHO - 2CHKO* + 6KC1 + 6HCI + i^KHCO*. 

With gaseous ammonia, it forms sal-ammoniac, ehldOirbethas^idia^trichloracetamlde, 
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formate^ a^ diloride of amnioniuin, and pnd^bly also other f 
gutiX ■ _ 

CsanoiraTa akh 7p^faink. Car^iHnai0 

t\f PoMitwst aiuVPiHgot;";Anh. Ch. ftiya. [2] 

I'xaiTk C) — Obtained b^ passing anhydride into a soUition of perfectly dry 

hydfitCk o# p^busium in absolute ftJtMlipl, the liquid being carefidLy kept cool, which 
^ l>y introducing from time to time suntll portionir oJ^-jl^hydrous etlier. 

A l^stailine deposit tlipn forpis, consisting of etby heart lonate of powemm^ together 
with ueotenl and a^d oai^pHte. The ethyl-carbonate *is formed as r^reaeuteil by 
tho equation : _ 

. 5C*H«0 + KUO + CO* - C^H*K.CO* + H*0 ; 


the arid carbonate results from tlic act ion of the water thus formed on a portion of the 
ethvl-carbonate, and the noutwl carbonate from that of the excess of pota**!! on tho 
aci^ carlmnaHe*. To sepantte ^the ethyl-carl^onate, the mass is treated with an et^ual 
volume of ^athPr, which dissolves the excess of free potash, and leaves tlio two other 
salts undi«alTed : the ethyl -carbonate is then <lissoived out by alcoliol, pn»cipitnted by 
ether, and rapidly dried. It might doubtless be more easily prepared from atibydroua 
ethylate of potassium, C-'Il^KO. 

Ethyl-earbonate of potassium is a white nacreous salt, which burns with fltime on 
platinum-foil, leaving a curbonacciuts rcsitlue, and yiehls by distillation an inflain* 
Hlablo gJis, a small quantity of ethereal liquid, and a residue of carboimto mixed with 
chaWoiil. Water transforms it into alcohol and acid carbonate of potassium : 


C*ll*K.CO» r 11*0 - cniMl.O + KHCO*. 


Ethf/l' carbonic acidf C^IIMI.CO* bus not yet been obtained; neither has Carbonate 
of mdhi/l^ {CIV fCO\a^Mdh(/l^cavboin€ avid, CUMl.CO*. 

CarwonM'II op JVlETiivr. a no Bariuh. Ml thfl’-carltonate of Barium, 
(CU*)*.B t".(C'0*)* (Dumas and P61igot, Utv. A solution of anhydrous baryta 

in atihydrous metbylic alcoliol, sub)«‘ctod to the action of carbonic anhydride, yielcts I 
whits precipitate, which after washing with mol hylic alcohol, consists entirely ol 
metbyl-carbotialo of barium : 

2(CH*.U.0) + 2Ba'0 + 2C0* = (rJl«)*.Ba"(CO*)» + Ba''H»0* 

The salt is insoluble in metbylic or ctliylic alcohol, but dissolves easUy^m wi^|K 
The solution soon however becomes turbid, de|>o»iting a considerable 
Vjonate of barium and giving off carlajiiic anliydridc. The action 
by a gentle hcat^ and at the boiling-jaiiiit it is instiinbincoiiH. 

Caiihonatb of Methyb and Kthvi.. CMIW CID.O’HMSO^ f0ft anech 
Comnt. rend. xxxi. 621). -Obtained by <listilling a mixture of methyl- Wbtoto and 
etiiyi-sulphate of potassium : 

CH'.K.CO* + C*H*,K.SO« - K*.S0‘ + CII*.0 ID. CO*. 

f’ARBONATR OP PiiKNYT. A N i> II vi» RooKN. f^^lIMbCO* — Salicylic acid V.J 
m.ay be regarded as constituted in this mann«T. When subjected to dry distills tion, 
it Kplit.s up into carbonic anhydride and hydrate of plienyl, 

(>AH«oNATK or Tuthyi.. Carbonate of Jiut i/I , (?*1I'*0* *«» (C*ID)*.CO*.— Pro 

dticed; 1. By the action of iodide of tetryl on cjirbonate of silver, tho raaterialf 
f 12 grammes of each) being enclosed together in a sealed ttiisk, and heated for two days 
in tlic water-bath, — distilling the product, collecting apart that which passes oror abovo 
18(1° C., and rectifying (l*h. dc Clermont, Ann. Oh. Phys. [3] xHv*. 336 ><-—2. By tho 
action of chloride of cyanogen, either gaseous or liquid, on tetrylic alc/diol, in presemw 
of water. (Hum an n, ibid. xliv. 340): 

2(C*ID.H.O) CNCl + 11*0 « (C*II*)*CO* -k NIPCL 

It is a colourless limpid liquid, lighter than water, and having an agreeable odour like 
that of eurlKinate of ethyl. It bijils at 190® C. Aqueous ammonia oonrerts U into 
tetrydic alcohol and carbonate of tetryb 

CiLSBOIfXTAOTO&inrxXC ACXB, also called Nitrodrac^lu: acid. — An acid 
cry^stallisiiig in white slender necilles, obtained by trtAtlng ^ilucne with excess of stn)ng 
nitric acid. Glcnard and Boudault (Compt. rend. xix. ^05\ who discaver»'d it, 
assigncHi to it tha foilhiula C‘H*NO*; it is more probably isomeric with nitrotoluylio 
acifl CJH^NCH; or'Vrbapo. •• imgg^ed by List (Gm. xin. 24), the product was 
merely nitrobenzo^ contaMmg nitrwt^rol 


CAEtdNTl— CARBOVINIC ACft). 


OAJiBOWIL* CO. — ^The diatomie radicle of tlie carbonates, carbamates, eai^ 
aiides, &c. 

OAmaoimmoUO AOn. CPH'NO* - NH*(C*^) | (SchwaBert, 

Ann. Ch. Fbarm. cxiv. 63.) — An amic acid, obtained by heating Malaguti's pyromucB- 
mide, C*H“N*0 which Schwanert regards as carbopyrrolamide, N*.H^.(C*H*0)'', 

with baryta*water in sealed tubes. Ammonia is then formed, together with carbopyrro- 
late of barium, C‘®H"Ba"N®0^, which crystallises in nacreous laminae, aud is notcf^m- 
posed by heating with potash-ley. The concentrated aqueous solution Seated with 
hydrochloric acid, deposits carbopyrrolic acid as a white crystalline precipitate. The 
lead-Boltf C‘®H*Pb"N'‘'0*, forms sparingly soluble nacreous laminse. 

When the aqueous solution of carbopyrrolic acid is heated to 60® 0. or aboTe, pyrrol, 
C^IPN, separates from it as a brown flocculcnt substance. 

CAJtBOBT’ntZXi. C®IPNO = N(C'*H')(CO)". — Produced by the action of sul- 
phide of ammonium on nitrocinnamic acid. Probably an acid, is first pro- 

duced and afterwards converted into carbostyril by loss of 1 at. water^thus ; 

C8H®(NO0O* + 2H*S « C®H®N0* + 2H®0 + S* 

NUroctnnainic 

acid. 


and C®H®NO*- H*0 - C®H»NO. 

Carbostyril. 

The liquid is supemturated with hydrochloric arid, filtered, and eTaporated. It then 
deposits crystals or carbostyril, coloured brown by a resin, which may be removed by 
recrystallising the product several times from boiling water. 

Carbostyril forma beautiful colourles.q silky needles, moderately soluble in boiling 
water, easily in alcohol and ether ; melts when heated, and at a higher teniperatnn* 
«ul>limes in shining needles ; dissolves in hydrochloric acid, also in Ijoiling potash, 
not in ammoniji or in sulphuric acid. Heated with solid potash, it yields nn oil wliirli 
n.p pen ivs to be a peculiar nlkaloid (C"IPN ?) Boiled with oxide of silver, it f«»rms a 
compound insoluble in boiling water, from which it is separated by acids in its orighial 
state. (Chiozza, Coinpt. rend, xxxiv. 698.) 

Cii»BOTHXil.CSTON3:»r]B. C'®II'®N-S*.— The sulphydrate of this ba.se is de- 
posited in yellow crystals on mixing acetone with ammonia and sulphide of carbon : 

3C=‘R«0 + OS- + 2NI1» = + 3H-0. 


(Stiidelor, Pharm. CJentr. 1853, p. 433; see also Acetonb, p. 28.) 

CAltBOTKXB.X.3>mB. C*I1'®N‘"S® - A colourless crystalline body, produced by 
adding sulphide of carhon to an alcoholic solution of aldehyde-ammonia. It is iii.so- 
luble in cold water and in ether, sparingly soluble in cold alcohol, easily in boiling 
alcohol. Di-ssolveS in hydrochloric acid, and is reprecipitated by ammonia. Boiled 
with excess of hydrochloric acid, it is resolved into sulphide of carbon, sal-ammoniac, 
and aldehyde. On adding oxalic acid and then ether to the alcoholic solution of car- 
bothiaWino, ciystals of oxalate of ammonium are formed. The alcoholic solution 
forms, with nitrate of silver, a greenish-black precipitate, which gradually changes into 
sulphide of silver; with mercuric chloride it forms a thick white curdy precipitate, and 
with copy er salts a green precipitate. (Kedtenbacher and Liebig, Ann. Ch. 
Pharm. Ixv. 43.) 


OBRBOTBZAiaXXnS. 


N® j — Guanidine, a base obtained by the action of 

oxidising agents on guanine, may be viewed as a triple molecule of ammonia 
in which 4 at. H are replaced by the tetratomic radicle carbon. Several substitution 
derivatives of carbotriumine are also known, viz. : 


Carhomethpltriamine, N*.C,(CH®)H®, — ^This constitution may be ascribed to me- 
thyluramine, a base resulting from the action of oxidising agents on creatine. 

Carhctricth^Hriamine, — ^Produced by heating eyanurate of ethyl 

with ethylate of sodium. (Hofmann, Proc. Roy. Soc. xi 282.) 

CarbodipKenyttriamine, N®.C.(C®H*)*.H®. — ^This is the composition of melaniline. 

Carhatriphenyltriamins, N*.K(C*H®)®.H*.— This base is prodneed by the action of 
tetmchlorioe of carbon on phenylamine (p. 766). 

All these bases may likewise be regarded as diamines containing 1 at. cyanogen in 
place of 1 at. hydro^n; thus, carbotriamine > cyan-diamine » N®(C^).H®. (See 
Rthtl-, Mkthtiv-, and PHEinn-DiAMiNBs and Tbiaminbs.) 

CJkBSOVXirxc ACIB. Syn. with CABBOMAim or Ethti. and Htobooxh. (See 
Cauuo.ntc Kthkbs, p. 801.) 



CARBOVINOMET HYLIDE -> CAREX. m 

CMUMOVlVOMSnnrUDS. CARSONAn or Btutl and MfruTL (p. 801), 

CABSmro&a. A gem highly prized by the ancients, probably the aluiandm 
or noble garnet* 

CAJtBfnUXO JLetMm Syn. with Aixopuanio Acid. 

CBBSTBp 8 VI 1 YSATB Ol*. C*H^S^O« ^-Syn. with Bteionio AvUXDBmm, 

CAJSBBMXara A IBABA * The dried herb of this plant containa an azotieed 
and sulphuretted organic acid, ei^er identical with or very similar to themyronic acid 
of black mustard seed, in combination with am organic (probably basic) compomiA 
Moreover this acid, either free or in combination with basea, developa, under the in- 
fluence of myrosyn, but not under diat of the emulsion of bitter ahnonds, an acrid 
volatile oil, very inucli like oil of horse-radish or scurvy grass. The decided bitterness 
aud lower degree of pungency of the fresh herb appear to bo duo to the absence of 
myrosyn or of some analogous compound capable of developing the pungent oil, 
(Wineklor, Jahrb, jpr. PharJii. xviii. 8 S).) 

CABBAMiOMC OgSk An essential oil extracted by distillation iVom the seeds of 
severaikinds of cardamom, esjiccially A/j/inia cardumomum and Anwmum repeM, It is 
pale, aromatic, and has a burning taste. Specidc gravity, 0*946. Soluble in ether, 
alcohol, and oils, also in acetic acid and caustic jxiijish. It detonates with iodine, and 
is set on tiro by strong nitric acid. The oil amouuta to 4*9 per cent, of the seed-kernels 
of amonium repens. 

Crystals dci»osited fi'oih o^d oanlamom oil were found by Dumas and Peligot 
(Ann. Ch. Phys. [2] Ivii. SU4} to have the formula of a Iiy^ate of camphons, 
C«**ll'*'.3ll-0. ^ 

Cardamom also contains a fixed nou-drying oil, which has a rancid bitter taste, and 
Ba 2 K)nifies by boiling with potash. 

CABBOXi. An oily liquid contained, together with anucardic acid (p. 200), in the 
pericarp of the cusliew-nut {Anacardium or Camtuvinm orndu^tah). To obtain, it the 
pericarp is exhausted with ether, the ether distUhnl off, the rosiduo washed with water 
to rtunovc tannin, then dissolved in 16 t-o 20 pts, of alcohol, and digested with recently 
precipitated hydrate of lead, wJiich takers up the anucardic acid, while the cardol re- 
mains in solution. The greater part of tho alcohol is removed from the Bltcrcd liquid 
by distillation, water added to tlie remaining liquid till it becomes turbid, and afaei*- 
wards acetate and subacetuto of lead till it is decolorises] . Lastly, tho load is precipi- 
tated l»y sulphuric acid. 

("arilol is a yellow oily liquid, insoluble in i^atcr, very soluble in alcohol and ether; 
the solutions are neutral to litmus. It is not volatile, but decomposes when heated. 
It blisters the skin strongly. According to Stadeh^r, it contains 60 per cent, carbon 
and 6*8 or 8*9 hydrogen, whence he deduces tho formula should perhaps 

he 

Cardol precipitates basic, but not neutral acetate of lead. StJ«ng sulphuric acid 
difisolvi!s it with red colour. Nitric acid apjjcars to form with it under certain cii^ 
cumstances, tlte same products as with anucardic acid. Strong ^tash-ley eoloiini it 
yriiow, and ultimately dissolves it; and the solution, in conta(;t with tho air, acc|aires 
a deep red colour, and then forms re<l or violet precipitates with most metallic salts. 
(Stiideler, Ann. Ch. Pharm. Ixiii. 137.) 

CAABA* Tlie ashes of C’arex renwta aud C. ocuta have been examined hy 
Witting. (J. pr. Chem. Ixix. 149.) 

The fresh plants contained in 100 pts. : 


Wnter. 


Oritanle 

matter. 


Carex remota 



62 76 

46*18 

a-oT 

„ acuta 

. 

• 

69*00 

29*28 

1‘12 

The ash contained : 

Kd 

NaCl 

K»0 

Na*0 

CaO 

t 

MgO 

C, renutia . • 

2*81 

ll>*23 

23*62 

0*72 

7*86 

922 

C, acuta 

4*90 

7*28 

37*94 

0*36 

7*90 

7*36 


Fe^O* 

HnO 


SO* 

CO* 

SiO* 

C. ftmeia 

2*23 

1*46 

4*96 

1*93 

4*76 

80*83 

C, acuta • • 

1*39 

2*02 

7*66 

1*36 

4*86 

16*98 


The qttentities of soluble and insoluble constituents of the ash were ss fbUows : — 

actable In Soluble In 

water. nltnc add. 

4916 20*46 

67'66 31*69 

3r 3 


liMoluble. 

21*40 

10*86 
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CARICA— CABMIXE 


CJLRXOA 9AVAS A. Papaw Eveiy part of the papaw tree, except the 

ripe fruit, affords a milky juice, which is used in the Mauritius as an effectual remedy 
for the tape-worm. In Europe, however, whither it has been sent in the coucrete 
state, it has not answered. The milky juice is said to make meat washed in it very 
tender, and the leaves and fruit are said to have the same effect upon the flesh of old 
hogs and poultry which are fed with them ; the flesh, however, soon becomes putrid. 
The juice yields a substance resembling the flesh or flbre of animals. U. 

CARXBS. 8ce Bonb (p. 623). 

■ CAJUEaVTBUSr. A sub-species of au^te. Colour black. Occurs massive and disse- 
minated. Internally splendent. Reaino-vitreous. Distinct cleavage of 124® 34'. ]?raeture 
coiichoidal. Greenish-black variety: translucent on the edges, velvet-black, opaque. 
Occurs on the Saualp in Carinthia, in a bed of priinitivo rock, associated with quartz, 
Ityanite, garnet, and zoiaite. {JainesorCs Minerahtgi/.) U. 

Dana (ii. 172) enumerates it as a variety of hornblende. 

C AAMZDXBS. An organic base produced by passing lutidino over red-hot litne. 
Its composition has not been ascertained. It produces a flue red colour with pine- 
wood and hydrochloric acid, and pale green with bleachiiig powder ; hence it is pro- 
bably a mixture of pyrrhol and vertidine. (Gr. Williams, Chera. Soc, Qu. J. 
vii. 97.) 

CABBKXIBrAPKTSA* C’*H*0* (?) — A red colouring matter obtained by heatiiii; 
naphthalene witli a solution of acid chromate of potassium, and adding sulphuric or 
hydrochloric acid. It is dissolved by alkalis and precipitated in its original st.ate by 
Kcrids. (Laurent, Rev. sciciit. xiv. 560.) 

CARnxxXflTlinr. A product which Laurent obtained by the action of ammonia on 
dibromisatin. (See Isatin.) 

CARMZKB. CARMIWXC ACXX>. (Pelletier and Caventou, Ann. Ch. 
Phys. [2] viii. 250, li. 194 ; Warren de la Rue, Ann. Ch. Pharm. Ixiv. 1, 23 ; Gerli. 
iii. 750.) — The colouring matter of cochineal {Coccus cacti). To separate it, ooclnneal 
is exhausted with boiling water ; the extract is precipitated by subacetate of b*iid 
slightly acidulated, care being taken not to add the lead-solution in excess ; the 
precipitate is washed with distilled water till th? wash-water no longer gives a preci- 
pitate with a solution of mercuric chloride, then decomposed by sulphuretted hydrogen; 
the filtrate is evaporated to a syrupy consistence and dried over tlie w'ater-bath ; and 
the dark purple product thus obtained is treated with alcohol, which extracts the car- 
niinic acid. 

This acid forms a purple mass, fusible and soluble in all proportions in water and in 
alcohol. iSulphuric and hydrochloric acid dissolve it without alteration. It bears a 
heat of 136® C. without decomposition. It is A^ery hygroscopic. Its solution foriniml 
precipitates with the alkaline eJirths, also with tho acetates of lead, zinc, copper, and 
silver. 

According to De la Rue’s analysis, carminic acid contains 64*1 per cent, carbon and 
4*6 hydrogen, agreeing nearly with tlie formula 

Schiitzenberger (Ann. C!i, Phys. [3] liv. 62) regards De la Rue’s carminic acid 
as a mixture, and assigns to pure carminic aidd the formula C'lPtP; be suites also 
that it is mixed in cochineal with an oxycurminic acid, C*H*0\ and perhaps also with 
other acids of intormrdiato composition. These statements do not appear, however, 
to be borne out by the results of his analyses. 

Ciirmixiic acid is decomposed by chlorine and bromine. The bromine-compound is 
yellow and soluble in alcohoL 

Carminic acid treated with nitric acid yields nitrococcrmc acid ; a compound which 
is isomeric with trinitranisic acid, and ciystaUises in yellow rhomboidal tables, soluble 
in cold but more soluble in hot water ; soluble also in alcohol and ether. All its salts 
are soluble in water. 

Tlie mothiVr-liquor of tho preparation of carminic acid contains a crystalline sub- 
stance, insiduble in alcohol and ether, soluble in ammonia, and identical with tyrosine. 
(Warren de la ftue.) 

Tho colouring principle of cochineal (carmine) was previously obtained in an impure 
state by Pelletier and Caventou (Ann. Ch. Phys. viii. 260), by treating the cochineal 
with ether to extract the fatty matter, and digesting the residue in alcohoL 

The fine red pigment known in commerce us carmine, is prepared by treatii^ a 
solution of eochiuoal with cream of tartar, alum, or acid oxalate of potassium, 
fatty and albuminous matters then coagulate and carry* down the colouring matter 
with them. 

By treating a solution of cochineal with an alkaline carbonate and alum, a compound 
gf the colourmg matter with alumina is obtained, known by the name of carmifieddku 
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For tbU purpoie, the courser sedimciit deposited firom a decoction of eoehineal, after 
the finer particles have been :^paratcd by decantation^ is generally used. For cheaper 
•orta, extract of Brazil wood is sometimes mixed with the cochineal. 

Cochineal colours are used for dying wool and silk crimson or scarlet; but the 
colours it produces are remarkable more for brilliancy than for duralulity. and are easily 
stained by water or alkalis. The mordants used are alum, crt‘am of tarttir, and tin- 
salt^ (See Uri^a Dictionary of Arts^ Mamtfacturcit and Minv8^ i. 616.) 

CAXMXmrSt or Carmim-s^r . — A mineral, probably consisting of anhydrous 
arsenate of lead and iron, from Uornhauseu in Saxony, where it occurs, with Beiuhui- 
tite, in quartz and brown iron ore. It occurs in clusters of fine needles, and in spho* 
ro'uial forms with columnar structure, cleaving parallel to the faces of a rhombic pinsm. 
Hardness = 2’5. Lustre vitreous, but pearly on the cleavage faces. Colour carmine 
to brick-red ; powder roddisli-yellow. Translucent. Brittle. Before the blowpipe i| 
gives the reactions of arsenic, lead, and iron. (Dana, ii. 410.) 

CAIUtCDHPlIXiUO ACZ1>» An acid obtained by Muspratt and Panson (Phil. 
Mag. [4] ii. 293), by the action of nitric acid on the aqueous extract of doves. It 
sepuratcH from the concentrated solution in yellow micaceous scales; and by precipi- 
tation with acotiite of lead, decomi>osition of the lead-precipitata with SttlplmretU>d 
hydrogen, and evaporation, it may be obtained in white crystals. It is insoluble in 
afoohnt. ether, and cold water, soluble in hot water, ammonia, and potash. Wlien 
heated, it yields a yellow oil and emits an odour of burnt sugar. Strtmg sulphuric 
acid does not act upon it in the cold, but carbonises it when heated. A moderately 
concentrated solution of the acid precipitates the salts of the alkaline earths, forming 
a vei^ thick gelatinous nmss. With cMpiwT-Halts it forins a green, with silver and 
ferrous salts a white, and with ferric salts a yellow precipitatt*, nil of fioi'yculunt cha- 
racter. — Musprutt and Danson assign to the barium and leaci-salts of this acid, th# 
doubtful formula, 

CAJUr A&:bZTB. KCl.Mg"OP.6lPO. — A salt which sometimes separates in coarse- 
graincnl innaseR, often coloured by oxide of iron, from the mother-liquor of nxik-salt, 
also of certain brine-springs ; it may also bo obtained by careful evaportdion of tha 
mother-liquor of sea-water. (Jahresber. f. Chem. 1856, p. 884 ; 1868, p. 789.) 

CAJUTAITBA VAJL A wax which coats the leaves of the Corypha cofiftfo^ a 
palm growing in Brazil, and is olitnined by drying the leaves and melt lug the coating, 
which separates in scales. It fontis hard, l)rittle lumps of yellowisli-white wdour, in- 
clining to green, and has an odour of mclilot, but no taste. It melts at 97® C., or uceord- 
ing to Lewy (Ann. Ch, Phys, [3 | xiii. 438) at 83‘6®. According to Brundc (Phil. 
Trans. 1811, p. 201), it is insoluble in cold, sparingly soluble in hot alcolxd, forming a 
gretmish solution. Similarly with ether. With fix(^ oils it mixes in all proportions. 
With caustic potash it forms a palo roH«-eoloure<l mass without actually sajwnifying. 
Nitric acid converts the wax into a yellow friable mass. Chlorine bleaches it. In 
other respects it behaves like beeswax, Acconling to Lf*wy, it contains 80*8 per cent, 
carbon and 13’0 hydrogen. (Handw. d, Chem. 2** Aufl. ii. |2] 807.) 

CAJrarA.V. A variety of lithomargo from Rochlitz. (Breitbaupt.) 4 

CAUrXXiZA.ir« A subspecies of chalcedony, of white, yellow, browQji^ and ^ 
colour. It has a concho’wlal fracture. Specific gravity 2‘6. Semitransparent, with 
glistening lustre. The fine.st specimens cotrie from Cambay and Surat in lu^ia. U is 
fo\ind in p«*culiar strata, thirty feet below the surface, in nodules of a biackish-olire 
colour, passing into grey. These, aftfjr two years’ exposure to the sun, ore lK>iled for 
two days, and thereby acquire the lively cfdours for which they are prized in jewellery. 
C'amebiin is softer than common chalcedony. It consists mainly of silica (about 94 
percent.) with alumina, and a small quantity of sesquioxido of iron. According to 
(iauthier de Claubiy, the colour proceeds, not from oxide of iron, but fropi on orgaliiic 
sul>t4tance. This, however, is denied by Ueintz. (Pogg. Ann. lx. 619.) 

OAJiOlhATBlW* A mineral containing organic matter, found is a coal-mine in 
Upper Silesia. It has the aspect of houey-stonc ; colour, }*oney-yellow to wine-yellow: 
translucent on the edges; has a faint unctuous lustre; veiy brittle. Hpcdfic gravity 
1*615. Hardness 2-6. It is decomf»oikd by hydrochloric acid. It contains about 15‘1U 
per cent, water, 47'25 alumina, 29-62 silica, and 1*33 carlxin. Tho water is not com- 
pletely given off below 290‘^C., at which- temiieraturf; the organic matter liegins to de- 
compose. The organic matter appajars to be allied to humic acid, (lyonnenshein, 

J. pr. Chem. lx. 268.) 

CAJtOmr. C *11**0. — The colouring matter of the carrot (Daveut Carota), It 
was first isolated by Wackenroder in 1831 (Geiger’s Mi*g. xxxiii. 144), afterwards 
examined by Zeise (J. pr. Chem. xl. 297), and recently with greater exactness by 
Hasemann (Ann. Ch. Pliarm. cxvii. 200). 

3 r 3 



806 CAROTIN— CARPHOLITR 

Girrotfl also eontam a colourless substance, hydrocarofcin, eontuiniag 

6 at. H more than carotin ; and as they are coJourJess in the early stages of their 
growth, Huseniann considers it probable that they at first contain only hydrocarotiu 
which gradually changes to red carotin by oxidation. ' 

Prejmration, — The expressed juice of bruised carrots is precipitated with sul|>hiiric 
acid, to which a STnali quantity of tincture of galls is added ; the half-dried coaguluni is 
repeatedly boiled with five or six times its volume of 80 percent, alcohol, wliich extracts 
tlie hydrocarotin ; the residue, after drying at a gentle heat, is exhausted with suipliido 
of carbon ; and the filtrate is mixed with an equal volume of absolute alcohol The 
solution, when left to itself, deposits the carotin in crystjds of the dimetric system, w'hioli, 
while in the liquid, exhihit a golden-green lustre by reflected light ; if, hoAveyiT, the* 
sulphide of carljon was mixed with much alcohol, or if the solution Wiis too much con- 
centrated, the crystals art) microscopic, and of a ruhy-eolour. The crystals are waslicd 
on a water-bath funnel with boiling 80 per cent. aleoIioJ, afterwards wdth absolute al- 
cohol, till the wash-liquid exhibits only a faint yellow colour, and when evaporated ou 
a watch-glass, leaves small octahedral crystals. 

The pure carotin w'hich remains, exhibits, after drying in the air at mean tempera- 
ture, a red-brown colour wdth velvet lustre, becoming briglit red when dried at 100° C, 
It smells like Florentine violet-root, especially when heated. It is rjvther heavier than 
water; dissolves sparingly in alcohol, ether, and chloroform, easily in sulphide of car- 
bon, benzene, and volatile oils ; fixed oils dissolve it slowly, W'ith red colour. It be- 
comes soft at 126^ C., and melts at 168^ to a thick dark red liquid. 

Carotin forms at low temperatures a colourless crystalline liydrate, which may bo 
obtained by placing a concentrated solution of carotin in sulphide of carbon (not anhy- 
drous) in a watcl\,rgla.ss, over a freezing mixture proilucing a tenipemture of — 10*^ C. It 
then separaU^s as a white efiloresconce made up of small n«*e«lh's; hut as soon as it is 
taken out of the freezing mixture, it gives up its water, and is converted into red carotin. 
The same phenomenon is exhibited i>y a solution of carotin in benzene, exetspting that 
the hydrate is then slightly yellow. Another liydrate is sometimes foriTH*d hy adding 
to a dilute solution of carotin in sulpliide of car]>on, so mucli absolute alcohol, tliattlie 
turbidity at first produced shall disappear, at letvst on heating tho litjuid. It separates 
in thin, iridescent, six-sided 1 ami me, and appears to be more staldc than the tlrst-inon- 
tioned hydrate. The composition of these hydrates has not hetm th ti rinine»l. 

Carotin is very unstable; during the cvaporjition of its solution, it often scp:iratcs in 
a light yellow amorphous modification, which is hut sparingly soluble in siilpliide of 
carbon. The rod crystals gradually become <H)lourless from witliout inwnirds, wlim 
exposed to daylight, and more quickly in sunshine; the new substance thus formctl is 
inodorous, dissolves readily in alcohol or etlicr, but with difficulty in sulpliide of carbon 
or benzene, and separates from these solutions in the amorphous state, Tho sama 
ehuiigc takes place when carotin is exposed for a long time to a heat of 150*^0. 
Whetlicr the new substance thus foniunl has the sanic comjsjsition as carotin, is not 
yot made out. Carotin heated to 260"^ C. forms a mobile liquid, wliich on cooling soli- 
difies to a soft yellowish-red mass. At higher temperatures, it carbonises and gives off 
enqiyreumatic vapours, 

Pumin^ nitric add dissolves curofin with yellow colour, and water separates from 
the solution a yellow iiitro-compound, iStrnny suffthuric add dissolves carotin with 
purple colour ; and on carefully adding water, the colour disappear.s, and a .somewhat 
modified carotin separates in dark green fiocka, which, like carotin altered by light, are 
coloured brown by sulphuric acid. — Sulphurous anht/dridr changes the colour of carotin 
to darl(. indigo, but does not alter it further; the blue substance crystallises from ben- 
zene in red cubes, and is also converted into red carotin by boiling with potash, 

Drp chlorine gas converts carotin into tetrachloro-carotin, a white substance 
soluble in ether and in sulphide of carbon, becoming soft and durk-re<i at 100'' C., 
melting at 120^. Another substitution-product containing less chlorine api>ears also 
to be formed. ' 

Bromine and iodine likewise decompose carotin, forming substitution-products wliicli 
are more fusil'le than carotin itself. 

Carotin is not deconifioscd by dilut«> acids, by hydrochloric acid gas, sulphuretted 
hydrogen, sulphide of ammonium, or by alkalis, either in aqueous or in alcoholic solu- 
tions. Solut ions of carotin are not precipitated by metallic salts ; the alcoholic solution 
is coloured greenish by ferric chloride. 

A substance having Ihe same colour and composition aa carotin, is obtained by treat- 
ing tribromhyilrocarotin, C'*lI'‘''llr*C), with fiotash; but tlie identity of the two has not 
yet been completely established. (See HTDHocAKOTrs.) 

CAJtPBOXitTX. A silicate of manganese, aluminium, and iron, found near 
Schlackenwald in Hohemia, in ratliated and stellated tufts, sometimes also in rhombic 
prisms of Hi® 27', and 68® 33', with the lateral eilges truncated. fSpecitic gravity * 
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2 - 935 , Hardnesa — 5 to 5*5. It itt opaqtta, with Btmw>yellow or wax-yollow colour 
(hence the name, from ledppos^ Btraw), and vitmmti lustre/ Its analysis gives 

SiO* Al*0* Mn*0* Fe«0* Ca'^O H*0 F 

37-63 26*47 18*33 6*27 — 11*36 — » 99*961 (Steinmann). 

36*16 28*67 19*16 2*64 0*27 10*78 1*40 « 98*97 (‘Stromoyer)* 

36-16 19*74 2076 9*87 2*56 11*36 — =100 43 (llauor). 

Hence the formula 2ll*0*.3Si0* + 3aq., the sesquioxirles of aluminium, manganese, and 
iron being snpptvsod Uj rephioo each other isomorphously. 

By reducing the sesquioxitles to protoxides (substituting r « fK), the formula be- 
comes that of an ortlioailicate, 2r"O.SiO* + =* r*SiO* + luj. According to Kobell, 

tlie manganese and iron are in the stato of protoxides, and the formula is (Mu"O.Al'‘*0*) 
+ 2(lIH).SiO*). {Ifivnmeisber^'s Minertdchemief p. 687.) 

CAJtPSOSZBBaZTlS. A hydrated phosphate of iron, containing small quantities 
of manganese and zinc, occurring in roiiiform masses and incnnstutions of straw-yellow 
colour and resinous lustre. Specific gravity 2*6 ; hardness 4 to 4*6. It is found ill 
fissures in mica slate, and was first distinguished by Breithaupt, among some specimens 
from Labrador. (Dana, ii. 431.) 

CA&PHOSTZXiBXTE. A straw-yellow variety of Thonisonito, from Bernfiord, 
Iceland, 

CABPOBAXiSAWloriMC. A eonimercial name of the volatile oil obtained from pi- 
mento, the fruit of Myrtm ^imenta. It is yellowisli, heavier than water, and smella 
like clovt'S. 

CABBOXiZTB. (W. L. Faber, Sill. Am. .T. (2) xiii. 418; Smith and Brush, 
ihUi, xvi. 366; Genth, i^nd. xxiii. 115.) — Asul])hideof cobalt and eopper, from Finks- 
burg, Carrtd County, Maryland, U. S. Forms homogeneous, veiy friable muHses, 
with indistinct cleavtigo; tin-white to steel-grey colour; metallic liistn*; iron-bhuk 
streak; uneven fracture, ai>proacljing to tho conchoidal. Hardness 6*6, Hpieific 
gravity 4*58. Tho mineral has not been found in distinct crystals, but appears to belong 
to the regular system. 

S As Cu Co Ni Fo Quartz 
27.04 1*82 32*99 28*50 1*50 5*31 2 13 = 00*30 (Faber). 

41*29 - 18*15 37*70 1*64 1*26 - -- 100 08 (Sinilh and Brush). 

41*71 - 17*55 38*70 1*70 0*46 0*97 100*19 (Ountli). 

Faber deduces from his analysis (after deducting tho nickel, arsenic, and iron, toge- 
ther with 3*468 per cent, sulphur re<jui red to form eopper-nickel and magnetic pyntes), 
the rurniula t 'o",S.( ru-)"S op i’o"(i*u'')^S*. Smith and BpuhK reganl ih« mineral as 
cobalt pyrite.s (<J(r‘S'), in wliich part of tho cohalt is ftsplactHl by ctqqwr. 

CajtBAOBBBM* XIXOSS. See Ca HiamacN Moss (p. 74 7). 

CARROT. Daw 'un Carota. — 3’he asln-s of the root, leaves, and seed of ll»e earrol 
have been analysed by Way and Og.sf on (.Jaliresbor. f. Cliem. 1849, Table K to page 
656, and 1860, Table B to p. 600) with the folb^wing pereonbige? results : 
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CARROT, OZB OP- The root of the carrot contains a very small quantity (0*01 1 4 ) 
per cent, of a volatile oil, of specific gravity 0*8863 at 12''-^ C., which may be obtainni 
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C ARTH AMINE— CARVENE. 


Vjy (liHtilling the fresh roots with wator. It has a very strong pungent taste anti smell 
dissolves sparingly in water, freely in alcohol and in ether. (Wackenroder, 
Pharm. xxxiii. 145.) 

CiATBAMZir. The colouring principle of safflower ( Carthamus tmctimns) 5rst 
examined by Chevreul, afterward more fully by Schlieper (Ann. Ch. Phann. 
Iviii. 362.) 

The flowers of Carthamus tinctorius contain two coloured principles, one 
soluble in water, and of no use in dyeing, the other red, soluble in alkiili.s and pmi- 
pitableby acids from its alkaline solutions: this is carthumin. To prepare it, salfln’.ver 
is first waslyed repeatedly with water, to free it from the yellow substance, then trciited 
with solution of carbonate of sodium ; the liquid is saturated with acetic acid ; and 
pieces of cotton are immersed in on whieli the carthamin is deposited. After 
twenty-four hours, tlio cotton is removed and treatt'd with solution of carbonate id 
sodium, which rodissolves the colouring matter; tht‘ solution i.s mixed with citric iw'u], 
whereby the carthaTiiin is precipitated in red flocks; and, lastly, these ilocks are dis. 
solved in alcohol. Tlic solution evaporattxl in vamio yields tlio carthamin in the tbnn 
of a powder, having a deep red colour with greenish iriilcsceiice. It is sparingly .s< dul U* 
in water, insolvible in ether, but easily soluble in alcohol, yielding a fine purple 
solution. 

According to Schlieper, cartliamin contains 56‘9 per cent, carbon and 5*6 hydrogt ii, 
agreeing with the formula 

The yellow colouring matter of carthamus is jicid. It has a bitter taste and gn'at 
colouring power. It comlunos readily with oxygen, and is eonvcT*ted into a brown 
substance. It unites with oxide of lead, forming the conipouml ( Pb'0)*.C"ll’“C)^. 

The red colouring matter of carthamus is used in dyeing, and for tlie preparation of 
rouge. TJie flowers, after beijig freed as much as possible from tlie yellow dye l>y 
repeated washing with water, are pressed and dined, and sent into the market in tlio 
fom of cakes, kuow'n.in commerce as .viJ/Wv r, 7V{/, or China vah\ 

For the preparation of rouge, the red colour is extracted by a .solution of carbonate 
of sodium, and precipitated by .sulphuric acid or by linnon juice previously depurated hy 
Btandliig. This precipitate is dried on earthen platc.s, mixo<l with tsilc or French chalk, 
reduced to a powder by lucan.s of tlie leaves of .shave •gra.s.s triturated witli it till tiny 
are both very tine, and then sifted. The fineness of the powaler and jiroportion of flio 
precipitate constitute the difFereiice between the finer and elieap<*r rouge. It i.s like- 
wise spread very thin on saucers, and sold in this state for dyeing. 

Carthamus Is u.scil for dyidng silk or cotton of a j'ojqy, eheny, rose, or bright 
orange-red. The eakes of safflower having been di.sintegrated ly .'<ti‘eping in wattT, 
the red fibre is wa.shed in sieve.s as long as the w'ater wdiich runs thi’ough ac<juir(‘S a 
yellow colour. It is then put into a deal trough, and sprinkled at ditfen*ut times with 
pearl ashes, or rather soda, w’ell jiowdered and sifteil, in the prtiportioii of Gibs, to 1<)0, 
mixing the alkali well us it Is put in. The alkali shouhl be .satiirateil with earboniii 
ficid. Th<3 carthamus is then put on a cloth in a trough with a grated bottom, placid 
on a larger trough, and cold W'ater poured on till the largtT trough is tilled ; and this 
treatment is repeated, with addition of a little more .alkali toward tlie end, till the car- 
thaiuus is exhausted and become yellow’. Lemon jn'ce or sulpliuric aeid is then |>f)un d 
in!^ the bath, till it is turned of a fine cherry colour, ami after it is well stirnal, the 
silk is immersed in it. Tlie silk is wTung, drained, and passed through fresh baths, 
washing and drying after every operation, till it is of a proper colour : after wliieh it i.s 
briglitened in hot water and lemon juice. For a poppy or fire colour, a slight aunotfo 
gnmnd is first given; but the silk should not be alumed. Fora pale carnation, a little 
soap should be put into the bath. All the.se baths must be used as soon a.s tliey are 
made, and cold, because heat destroys the colour of the red fccula. The colours |>ro- 
duced by carthamus arc very beautiful, but fugitive. (See Un's Dictiunary of Arts^ 
Manufactures and Mincs^ i. 624.) 

CAXIT1ULCI& The cartilages consist of a dry flexible tissue, which contains 
but a small quantity of inorganic matter, ami when boiled with water yields chon- 
drin (</. c.), a substance resemliling gelatin, but differing in certain reactions. 

According to Scherer, the cartilage of the rihs contains 40*5 to 50*9 per cent, carbon, 
7 0 to 7'1 hydrogen, 14*9 nitrogen, and 27'2 to 28*0 oxygen. (See Lone.) 

CBAVSirS, CBRVO&, and CBRVikCROXi. (Volckel, Ann. Ch. Pharm. 
XXXV. 308; Ixxxv. 246: Schweizer, ibid, 1. 829; Gm. xiv. 283, 414.^) — Essence of 
caraw'ay consists of two essential oils, curmip, C***!!*”, and carw/, which may 

be separated by fnictional di.stillation. The latter, however, is more easily prepared 
by agitating oil of caraway with an alcoholic solution of sulphide of ammonium : 
stdphydraU' af carvoi^ is then formed, and tliis c*onn.HUind, flecomposed 

by ammonia yields carvol. (Varrentrapp, Handw. d. Chciru 2** Aufl. ii. [2] 812.) 



CARYOPHYLLIC ACID— CASE-HARDEXING. 80 ) 

is a colourless mobile oil, %hter tlmn watiT. having a slight agm‘al>ld 
o<iour and aromatic taste. Boils &t73^C. It is nearly instduhle in water; very 
soluble in alcohol and ether; it absorbs hydna^hloric acid, and tbrnia tv crvstalline com- 
poundf which melts at 60*6 0. and consists of 

Carvol is a liquid boiling at 250'^ C. Specific gpavity 0 963. It is rosinised by strong 
nitric or sulphuric acid, and forms with liydroehloric acid an oily compound oontavining 
C‘*U**0.HC1. Sulphyrirotf of errrtW, 2C‘"ll'*O.Il-S, erystallisi's fivn* solution in alcohol 
in long needles having the lustr^ of satin ; they aro fusible, and whmt cautiously 
lieaUnl, sublime almost unaltered (Varront rapp). Sul ^thijdrote (f sulploHurtHf 
20’®ll'*S.ir*S, is prodiice<l by passing sulphurid ted hydrogi*n for a long time tbnmgh 
aliH^hol in which the pn.‘ceditig eompoiiiul is snspendctl. It then separatrs as a I hick 
oil, which dissolves in ether, and is ilept>sitcd therefrom in whili* flocks, 'the ethereal 
solution precipitates chloride of mercury and diehloriile i>f platinum ; hut the jn'tripi- 
tates have not a constant composition. (\'arreiitrapp.) 

Carvacroi, a substance isomeric with earvol, is obtained by treating oil of caraway 
w'ith jM^tasli, or again l)y treating the same oil with i.idiiie, eohobating several times, 
and washing the product with j»otash ; as thus obtained, however, it is mixed with 
earvene. Carvacrol is also found among the prodiu'ts of the action of i«>dine on 
camphor (p. 720\ + 2 1 2111 +• (’arvaerol when pure is a colour- 

less viscid oil lighter than water, and s«)lublo in wat«‘r to a small amount. It has an 
unpleasant odour, and an acrid very per.sisteiit taste. Boils at 232^0., giving otf 
vapours which irritate the organs of respiration. It burns with a bright very smoky 
ilame. 

CA&TOPBTZiXiXC ACZB. Syn. with KviniNic .\(ai>. 

CARYOPBYXiUlir. This substance, isnaierle with eommqjj <ramplior, 

is eontained in considerable (plant ity in riouis, tln^ driiMl tlowru'-buds of the eIove-tre«, 
Citri/ujihi/lhm which is indigenous in N(*w tluinea and the Moluccas, and 

cnitivateil in Sumatra, in the ish sof Mauritius and llimrl 'n. innl in Brazil. It may bo 
extraeteil l)y tr<‘ating (doves with cold alcohol: the lnjiiid in alamt fifteen days be- 
eotms covered wiili eryslahs, which may be purified with .S(dution of soda, 'flic cloveH 
may also be (*xliausted witli ether, and the earvo|tliy)lin Hcparatial by agitating the 
etln'ical 8oluti(jn with water. Crude oil of cdoves als() deposil.s <‘aryo]>liylliii on 
htniding, 

t.’arv'»phylHn fomis silky col(»url(*ss m'edles arrange<l in radi.ating groups, (lestiinfo 
of tasti* and smell. It nndtsvvith dilfieulty and willi partial decompifsition ( Dumas); 
suldimeH at about 2 6'^ 0, (Muspratt). It dissolves sparingly in e(»Jd alcohol, easily 
ill b(«i]ing ale(.)]!ol and in ether; also in hot (Muslie alkalis. Strong KiilphuTde jieid dis- 
solves it in tin* cold without blaekeniiig, but tin* bdpiid blaekens when heated. Nilrie 
acid converts it into a r('sin(jUH KuliHlaiiee. ((lerli. iv. 27H.) 

CASCAILBO* The alluvial soil, consisting of f(*rrugin(jus sand and clay, in wdiieh 
Brazil diamonds arc found. 

CASCB.BZX.ZiA BARK, 'fhe bark of CHHcarilhi, Croton iUuihirin and Cr. 
casroriHa^ shjobs indigenous in the West Indies. It (*fuit:iins ulhumin, LatmiM, a n*(l 
coliiuriiig matter, a fatty siilistuiice, an (*sHeiiti;il oil having an agn-eabh* od(»ur, wax, 
reun. a gummy siil»stance, standi, pecfic arid, wood, fibre, and ca H(*ari 1 1 i n, t.og(*iher 
with a ealciuni-salt and ehhjride of jKitassiurn. It pn.sscsses tonic and aromatic pro- 
jx*rf les. 

CASCABZZtBA, OZB 03F*. Casearilla hark coiiiains a volatilo aromatin oil, 
Rmounting to (^^'^7 per cent. (Bley), 0*87 (Trom m Hd(»rfj. It is dark yellow, some- 
times with a bluish tinge; rif specifo’ gravity O’OOO - 0 938; boils at 180*' C. or liiglier 
(Troni m sd orf). Aeeiirding to Vdlektd, fiie first distiilati; is ewltjurlcss, of speeitlc 
gravity ()*Hfi2. and boils at 173® C. (tiin. xiv. 303.) ^ 

CA8CABZBUV i.s obtained by treating the aqueous extract (tf casearill-t bark 
with acetat(» of lead, filtering, ami preei|»itating the exeesH of lead with Hnl[ihiiretie(l hy- 
drogen. 'i'lie li(piid evaporated at a geulli* heat deposits an ninorphoiis mass, from wliieh, 
aft(‘r washing with <-o|d alcohol, the easearillin may be ( xlraeNd liy bwiling alcofiol. 
It is pmrified by recrystallisiiig several limes, after (h-eidoi islng witii animal chiirei»;d. 
It ciystallises in neislles or in hexagonal jdates, wliiidi are eoloiirh'ss, hitter, fusihle, 
dwoTnjxjsihle by hiail. sparingly soluble in wat<‘r, nior<‘ soluble in aleoiiol, ether, hydro- 
chloric acid, and sulphiirie acid. The aqueous sobili^jn is not preeijtitaled by alkalis, 
tannin, acetate, or subacetate of lead. (Buval, J. I'harm. [3J viii. 91.j 

CASB-BABBZOrZWO. Hteel when hardened is brittle, and iron alone is md 
capable of receiving the harrlness w'hich steel may be lironglit Ut [Kmsess. 'fhere is, mv* r 
theles.s, a variety of articles in which it is de»irahl(' to obtain all the hardness oi slee) 
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CASEIN.. 


together with the toughnesB of iron. These requisites are united by the art of 
bsrdeningy which does not differ imm the making of steei, except in the shorter dm' 
tion of the process. Tools, utensils, or ornaments intended to be polished, are 
manufictnred in iron and nearly ^nished, then put into an iron box, fo^othor with 
vogfl table or anfmai charcoal in powder, and cemented tor a certain time. 
treatment converts the external part into a coatingof steel, which is usually vi*rv thin, 
]>ecaii.se the time allowed for the cementation is much shorter than when the wjiole il 
intended to be made into steel. Immersion of the heated pieces in water liunlpng 
the surface, which is afterwards polished by the usual methods. 31 ox on (Mul/auh 
Krrrcisps, p. 56) gives the following receipt : — Cow*s horn or hoof is to be baked or 
thoroughly dried, and pulverised. To this add an equal quantity of bay salt: mix 
them witli stale chamber ley, or white wine vinegar: cover the iron with this mixture, 
and bed it in the same in loam, or enclose it in an iron box: lay it then on the liearth 
of the forge to dry and harden : then put it into the fire, and blow till the lump have 
a blood-red heat, and no higher, lest the mixture be burnt too much. Take the iron 
out, aud immerse it in water to harden. 

The same end is now more effectually attained by heating the tool red-hot, and 
sprinkling over it ferrocyanide of potaasium (yellow prussiate) in fine powder, tlien 
quenching it in water. Some prefer smearing the surface of the bright iron witli loam 
made into a thin paste, with solution of the yellow prussiate, drying it slowly, then 
heating it nearly to whiteness, and plunging it into cold water, when the lieat has 
fallen to dull redness. (See lire's Dictionary of Arts, Manufactures and Mbits, L 
630.) ^ U. 

CA8BZXV constitutes the chief part of the nitrogenised matter contained in the milk 
of mammiferous animals. It takes its name from caseus, the Latin name of cheese, which 
is principally composed of casein mixed with fatty matters (butter) and decompose tion - 
pr<^ucts of casein (ciirbonato of ammonium and amnumiaeal salts of acetic, butyric, 
valeric acids, &c.). 

Preparation. — According to the views of Berzelius, Braconnot, and others, two modi- 
fications of casein ure sup]>oftcd to exist, the one soluble in water, tlie other coagulated 
and insoluble in water, tioluble casein has, however, never been prepared free from 
alkali, and is moat probably identical with albuminate of potassium or soilium 
(Lehmann). Insoluble casein has nearly the same propt rrns and comi^osition us in- 
soluble albumin. 

8tilubb‘ etts in may be prepared as frdlows : Fresh milk, froin which tlie cream has 
been reniovod, is evaporated at a gcntlo heat, a portion of the casein becoming coagu- 
lated, whiltt the rest remains dissolved. The residue is exhausted with ether, in onii r 
to extract fatty suhstanet's, and treated with water, whicli <lissoIvoH casein and lad in 
(sugar of milk); a little alcohol Ls next iukted to the aqueous solution, wliercdiy most 
of the Inctin is precipitated, the precipitate is washed with weak aleoliol, and a solution 
of casein is obtained w'liicli alwaiys contains lactin and alkali. (Oerh. iv. 481.) 

Insoluble casrin maybe obtained by simply heating creamed milk near to the boiling 
point, coagulating the liquid with a few drops of acetic acid, completely exhausting 
the coagulum with water, treating with alcohol and ether, drying and powdering the 
residue, and repeatedly digesting it with ether (Dumas and Cab ours). J\rhaps the 
best method is that of Bopp (Ann. Cli. Pliarm, Ixix. 16). hlilk is coagulated with 
hydrochloric acid, the coagulum waslmd, first with distilled water, and then with water 
containing 2 or 3 per cent, hydrochloric acid, and finally wnth cold distilled water. A 
^elly is thus obtained, dissolving at 40° C. in a large quantity of water. Tliis solutifm 
is filtered and carbonate of ammonium cautiously added, and the precipitate is w^ell 
washed and exhausted with etlier-alcoliol. Whatever acid be employed in the co- 
agulation, the casein, “when treated in the manner described, never contains any trace 
of acid, and has always the same composition. (Gerh. Ittc. cit.) 

Chemical Properties. — Soluble casein, wlien prepared in the manner described, 
leaves, after evaporation, an amorphous residue, inodorous, but having a sickly taste. 
It does not redissolve completely in water, nor does the solution c/iagulate by beat, but 
merely becomes covered with a film, which forms again as often as it is removed. 
Soluble casein is coag^ated by alcohol, a portion at the same time entering into solu- 
tion ; a larger quantity is dissolved by boiling alcohol. The coagulum produced by ab- 
solute alcohol is completely insoluble in water. Solution of casein is precipitated by 
all €u:ids (except carbonic acid) ; the precipitates redissolve in an exce.s 9 of acid, and 
the solutions become covered with a film when evaporated in an open vessel. Mineral 
acids precipitate casein from its acetic acid solution. After the coagula thus obtained 
have been well washed with water, they still redden litmus, although they do not 
impart an acid reaction to water, even on 1x>iUng. The spontaneous congnJation of 
miUc 18 due to the formation of lactic acid (product by the fermentation of lactin) the 
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tad neatralising tlie alkali in which the casein was dissolved, and tints rendering the 
ctaein insoluble. 

Soluble casein always contains a large amount of mineral matter (when coagulated 
by alcohol, 8 to 10 per cent.). Casein coagulated by an acid yields from 1 to 0 per 
cent, ash, and the a-sh is never alkaline (Scherer). Casein contains phosphate of 
calcium as a constituent part. Mulder (Arch. f. 1828, p. 165) found in casein 6 per 
cent, phosphate of calcium, which is preeiiiitatod on coagulating any caseous li<juid with 
nil acid, altiiough enough f)roc acid be added to dissolve any uiicoudnned pliospimto of 
calcium. 

When moist casein is exposed to the air, it soon begins to putrefy, yielding snlpliidc 
ami carbonate of ammonium, a neutral oily boily, having a disagreeable siuell, 
together with but >Tic and valeric acid.s ; nt the same time tbe uiulccomposed casein 
dissolves in the ammonia formed (Iljeiiko, Ann. <Mi. IMiarm. Ixiii. 264). According 
to Iloi'p, a crystalline l>ody possessing a most t>i>wcrful otlour, is formed umler tlio 
same circumstances. When casein putrefies out of contact with tlic air, it yichls ncctic, 
biifvric, valeric, and capric acids, as w'cil as ammouia. 

Tlie following are the results of the analysis of coagulated casein, deducting asii : 
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((Jerh. iv. 487.) 


These numbers agree very rloscly with those obtaiiUMl by the same cheTiiists in tlm 
anal^'sis of albumin, except that cjiHcin iippears to contain less sulplnir Mnin aihumin 
{‘2'IG, Verde il). Casein does not appear to contain any phosphnriiM, cxeept in the 
form of phosphate of calcium. 

Codffuiafid casein is readily soluble in caustic potash; nfler bailing, the Koliitiin* 
contains snlpi’.ide of potassium. When casein is fused w'ith eausfic pcrtasli, urninoiiia 
is first evolveii, then ljydrr)g<‘n; tho mass, at tirnt ilark brown, gnidiifilly eh ars an<l 
beeomes yellow ; it is then completely sfduble in wali-r, and eoiitains tyrosin, Jenein, 
vah/ratc (^sometimes butyrate), and oxalate of potassiiun, ns well as the potaHsium-Malt 
of a volatile acid having an excreiin-ntif i<jus od<»ur ( bi e big). Jf a very weak Holufion 
of alkali is saturated with casein, the alkalitie n-aefion eoiiijdetely ilisafrjM'ars ; the.so- 
lution tlms obtained is precipifatisl by ail acids exi*ept carli<ujie. Casein diHsoives in 
a solution of phosphate of sodiiiin, and nentralises it at the same time. It also dis- 
solves largely in solutions of the alkaline carlKjnatcs, of common salt, clihjride. of am- 
monium, nitrate of potassium, &-e. Tln*se sohifions do not coagulate by heat, I ait 
become gradually covert*d w’ith a film which is insolubUs in dilnfo alkalis and achds. 
The same film is formed when milk is heated. 

^ The solutions of casein are precipitate<l by all earihtf and mtlaHic salts. The pre- 
cipitates with chloride, sulphale, and acetate of calcium and sulpliafe of nnigm hiimi. 
are thrown down only on heating tlie liqni<l. (jornpounds iusoJuble in water aijd 
hardening on exposure to the air, are obtained by heating ea*'eii) with earfionafe i-f 
calcium or of barium. The comyjrjiind of Ciisein and lime, prepared frnrn elotb d milk, 
is imputreseiblc, and is employed in distemper psiinling. ttJerliardt. ^>e, nil.) 

If well w’ashed casein, wdiile still moist, be digested with watf-r eontaining f*ep 

cent, hydrochloric acid, it dissolves compleb-ly. I'he liquid, filtered from a traec <»f fat, 
deflects the rays of polariw'd light to the left, and has all the characteristics of a solu- 
tion of aUmmin. (ISoucbardat.) 


• Th« iiiihei I'.-irit'd bi'twi-en I'.'i nnH S i p^r cpfit. Thr subttaacc wh# dried t60® C. 

♦ See '* t*b|e:olottn:<it s. une* «f t <p. Hi'i ) 
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CASEIN. 


Ozone act« energetically upon casein, the casein being apparently first converted 
into a Bubstiiiice resembling albumin, which is again destroyed on prolonging the actioa 
of the ozone (Gorup-Besanez, Jahresb. d. Chem. 1858, p. 63). 0. Maschke suv^ 

that he obtained by this reaction a crystallised compound of casein with a lu-w jicid 
(ifiid. p. 643). Concentrated hydrochloric acid turns casein blue or violet, forminfr the 
same products of decomposition as with albumin, 2'annin^ from gull-nuts, 
the most dilute alkaline solutions of casein. Mercuric chloride yields witli soluMe 
casein a bulky white precipitate, soluble in acetic acid and in excess of alcohol ; 
precipitate does not contain chlorine, and is probably identical with albuniinato of 
mercury (Eisner), Soluble casein is also precipitated by acttate and sahaatidr (.f 
Imd^ by alum^ mercurous mtratp^ and sulphate of copper. The acetic acid sohitidn ,if 
casein is moreover precipitated by ferroeyanide^ chromate, and iodate of potassium. 

Casein yields the same products as albumin witli sulphuric acid and acid ehroiaati* 
of potassium or peroxide of manganese (G uckeiherger). When chlorine is passed 
through ammoniaeal solution of casein, a product is likewise obtained analogous to that 
profliicod in the s.ame way from albumin. 

Tlie cojigiihition of milk by rennet (the mucous membrane of the fourth stomach of 
young calves), is siijjposed by Liebig to result from the animal matter acting as a fer- 
ment, and transforming the laetin of the milk into laetic acid; since milk coagulatt-d 
by rennet at a temperature of 40^^ C. always has an acid reaction. It appeal's, how- 
ever, tliat milk may be coagulated by rennet, even when rendered alkaline ly tlic 
addition of small quantities of carbonate of soda, so that after coagulation the litpiid 
still remains alkaline: it is only necessary to operate at a higher temperature (between 
60° and 60° 0.) (Gerh. iv. 490.) 

Sources arid physudoyiad nature of Casrin. — When morbid bile is evaporated, a film 
of coagulated mucuH and of a caseous substance is formed (F roriclis, Ifann. Ann. v. 
pp. 1 and 2). Molesehott {Physioloyie des Stoffmeidisrls, Erlangen, 1361. p. 3G6, <fec.) 
found casein in tlie fluid filling the interstices of cellular tissue, also in the interstitial 
fluid of the nerk-hand, M. fS. Schultze fimnd casein in the liquid impregnating the 
middle lining of the urteries: in 100 pts. of the dried flV»roiis lining mernhrane of tlm 
aorta thoraciva, out of 17*4 — 23*1 pts. soluble constitii(*nt.s, 7*24 pts. casein ; and in the 
middle lining of i\\c carotid, which contains more contractile fibrous cells than the adrin, 
in 39 per cent, soluble ])ts. 21 pts. of casein w'(?re found. The juice of flesh appears to 
contain cas(‘in; at le.'ist this substance has been found in the li<piid pressed from flesh. 
It is not certain that Idood contains casein. Dumas and Caliours have extracted from 
the cnaguliim of blood, a siilistiince which has tlie same composition as casein (see 
analysis of casein), but is soluble in warm alcohol (Ana. t^h. Tliys. [3] vi. 415). Fre- 
richs almost always observed in tlie soluble constituents of f luM'ontenis of \]\v small in- 
te.s-tine, allmmiiioiis compounds sometiuK's having the properties of albumin, somotiim s 
of oa.sein. A substance resembling easoin i.s extraete<l by boiling alcohol from the 
contents of the small intestine of the human f(i?tus, from the fifth to the sixth month 
(Le h m a n n). The presence of casein in the chyle is exceedingly impro}>able. (L e h m. ) 

When yoke of egg is treated with ether and w’ater, a coagulum rollects under the 
yellow stratum of ether. If, after removing the ether, the cojiguhim be filtered off and 
washed until the wash-w'ater l>ecomes only opaline by heat, a substance remains on the 
filter identical with casein prepiired by Rochleder’s or Bopp’s method (Ann. Cli. Pharni. 
xiv. 253—6; Bopp, ihid, Ixix. 16 — 37). only that it contains a little albumin poor in 
salts; the albumin was precipitated by dilutingthe yoke solution with wator (Giiielin, 
}li{mlhuchy viii. 2, 282). Ckisein has been said to exist in urina chylosa. Beveil 
says that the urine of a child tw’ciity-two w'eek.s old, collected in his presence, con- 
contained all the constituents of milk. Lehmann and Chevalier w'ere unable to 
confirm this statement. Lehmann does not deny that albuminoidal substances may pass 
into the urine, but with their properties so changed as not to agree with those of any 
known alhuminoiVlnl compound. 

Coagulable albuminate is sometimes found in the discharge of serous skin. Casein 
is not contained in normal pus, nor has it been detected with certainty in ahnomial 
pus. 

The casein of human milk is stated by Simon to be yellowisli-white and very friable; 
it absorbed moisture from the air, and was but incompletely precipitated by alum or 
by acetic acid, from its aqueous solution. Casein from cow s milk is Jes.s soluble in 
water, and becomes viscid and homy on diying. Canine milk gives a casein which 
docs not become viscid and homy when dried, and is less soluble in water. 

The following are the percentages of casein in milk from vario>as sources. (Gmelin, 
Handb, viii. [2] 254, 5.) 
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HUMVIt. 

8-37 t Clemni) 

27-31 (Hauilen). 

*3 *J'Jl ( Veriiuis ami 
Becquercl). 

Cow. 

3K>— 3*4 (Boussiagault) 
4* e average ( Playfair). 
3*&2 (Veriiol# and B^c- 
querel). 

Hitch. 

I4*fi (Shnen). 

Il'Gl* ( Veniois and Bec- 
qurrel). 

Afts, 

I‘W (Ptligot). 

I‘70 CiiiUliT and Qit(. 
vf'iiue). 

.3 .^7 tVeriioii atui Itoi- 
qiieiel). 

Coat. 

Sow. 

SHKrr. 

Makv. 

1 4-'*a ( pAven). 

8-43 (H. Sfherer). 

15 .3 tSti!iri:>aii, I.iilsriiis, 

lit'** < t.iiiNciiiH and 

i ii t'3 (Cletnni). 

7-3ti d.i. 

jind llondt). 

Hinjiir . 

i .v.M (Vernoii and Bec- 

Kssi-x »ow- 

a-fW ( '‘ernois and Hi c- 

3 i-l ( \ erniiis Hud Hit 

1 tjiit'rel). 


qiien-l ). 

• .iHTtdI. 


The soluble casein of milk is rapidly eoaiiulated by tlie j;«sfric juice, ami then gra- 
dually digested. Milk is the most indigestible of albnmimuis bodies. A d<ig digests 
100 grammes of cheese in II — 3*5 hours ; boiled east in in 7 luuji*s. K. v. Schroder re- 
marked that in the human stomaeli, 2-5 hours after fresh milk had been fakt'ii, easein 
still remained in tlie fonn of amorphous or filmy tniiis]»Hrent lumps; ami even after 
the lapse of hours, undissolvod milk globules, adhering to small eoagnla of ensein. 
Mere almost always found, althougli the giva ter part of the milk seemed to have passed 
fn)m the stomach. Cheeses which are hard, fat, and poor in salts, are more ilitlicnlt 
of <lig<*stion than loosely coagulated, moi.st. and fresh ehei'ses (Cnudin, JIatiilb. iv. 
[2] (>10b The digestibility of ca.selii naturally <lepends upon its state of aggregation ; 
the casein of human milk, which eoagulafes w’itli great dinieiilty, is more readily 
4ligestt‘d than that of cow’s milk, wdneli is more viseid, C. K. I a 

CiLSBIHr, Vlsai:TikBX.S. See Imrn MiN. 

CASSAVA. V(tsmvi\ (\isKtira Jirnnf, is a kind of starch, obtained 

from tiu! root of the maniovk {Jatraphn inanihot, //.) in tlie West Indies, where this 
plant is indigenous. Tlie root is grated to a pulp, wliieh is strongly s<piee/e«l in bags 
i>y a press. The juice < ontains nearly onedndf per eciit, of an exeeedingly ]M>isnnoiis 
mattiT, voliitile, and therefore eiitindy <lissipated by the heat on iron }»lafes. to which 
the pressed and crumblid pulp is exposed. Of that pcuHoij, as olilaimsl by <iistillation, 
:b> drops serYe<l to kill, with liorrible eonvulsioiis, in six mimifi's, ii negro who had heeii 
ecaiviefed of murder l)y poison. Oassava may be freed from W’oody parlich'S by solu- 
tion, lillratloii, and eYa|M>ni1 Ion, If in this stale if is ex]>osed to heat on an iron plate, 
it eonei’etfs info maiiimelhite«l small luiii}>s, railed (ujnt^va^ an agreeable food, wliieh is 
often imitated by menus of pofafo-staivh. 

(’assavH flour tmiy be distinguished, by the microscope, from arrow-root, potato- 
starch, and wheat -starch, by tlie shape id' its psirlieh s, which are spherules of j,'„„ of 
an ineli in diameter, while those of the second and tliinl fiiriiiti are ellipsoids, varving 
ill size; ami those of tlie fourth ur<‘ KplaTiiIe.s clustered more or less tog(*ther, tl. 

CAB81IA TBAXtOW. See Lkao, Ox yc iii.ouioi-: or. 

CASSXA CARTOPBVXiXATA. d’he bark of Pirt/jJnUium cart/oph/italvm 
fNees), a lauruceous tree growing in llra/il. If has an agreeable taste i>f cloves, an 
animal ic odour, and conlain.s, aeeordiiig to TrouimMlorf!, lit p< r cent, resin, 8 0 taiwiiii, 
10 gum and j>fios|iliat<' of eali-ium. and 60 wooily fibn*. It also yields an aromatic 
volatile oil eoiitaining ••ugenic acid. (Ilaiidvv. d. (llu ni. 2*' AiiH. ii. |2j H2(t,) 

CASSIA czxrarAMOxrsA, CinmUfiftV Cb,s.v///, Chnnsr C*r,snin fnfrA‘, js flio 
bass or inner bark of Ciuu(itm>nn tu nntmntirum. a lanraeeous free indigenous in f Miina, 
and cultivated in Java. It has a burning taste and aromatic tidoiir, and eontaiiiK, ae- 
conling to Hueholz, 4-0 percent, soft resin, H’b extractive matter, f)4'H woody fihie, 
and basso ri n ; volatile oil, &e. Accf>nliiig to Mulder, it also contains tannic neid 
f Ifaridwort.) JJy distillation with salt water, it yndds oit of an oil mninly 

consisting of cinnaTDi^ aldehyde, and nearly identical with tho oil <jhtaine<I from Ceylon 
cinnamon. 

CASSXA PXSTtrBA. The fruit of Jhtf fifnfnhivm a Ic-gnmiiions plant 

growing in India and in tho interior of Africa. Acconling to V'ainpn-lin, it eentiiins 
14'S per cent, sugar, and \'5 gum, together with pts'tin, gluten, \'e. ; an'ordirig to 
Caventoii, it contains cassiin. The legume is divided into a number of transversa 
cells, filled with a sweet, sliglit acidjiulp, 100 j4s. of which contain, aceording to Ifenry } 



Sugar. 

<ium. 

Tunidi.. 

Y 4-llow r-'iloiiriiiK 
matter ^Iitd rriu< ux. 

Water. 

West Indian 

69*2 

2-6 

3‘9 

1-3 

23-2 

African 

. 610 

67 

13-2 

— 

190 


CASSXA Bd>S. The undeveloped flowers of Cinnamrtnum Ijounm (Nee»i), 
liy distillation with wit water, they yield oil of easaia. (Handw.) 

• Casein and eKtrArlltp matter r areraife of ICJ |/frs»in« (I 532—7 tJWj. 






OAMHif* A Httte prindlple obtaiiiM hem Oiuautfiitula. It is sdiable in wnter 
aad in alcohol, and is preo^itated thorefirom bj onl^nric^ nitric^ or hy^boehloric add. 
(Cayenton, J. Bharm.xm. 340.) 

OAMSXJHHVB. Katiye oxide of tin. (See Xnr.) 

CAMnntOVJkJrVAJknrak Tantalite from Broddbo in Finland oontuning 
oxide of tin. (See Tantautb.) 

CMhMZVSff nWUB A'piuple compound of the oxides of gold and tin. 

(See Gold.) 

OJUBOVZO JLOXir. A syrupy nncrystallisable acid, obtained, together with 
oxalic and saccharic aciA by oxidising cane-sugar with nitric acid. It forms a specu- 
lum with nitrate of silyer. The barium-salt appears to contain OH*BaK>^ (Siewert, 
Inatitut. xxL 78.) 

OASVaur AVOmL A mineral from the diamond sands of Bahia in BraKil 
It consists mainly of hydrated phosphate of ;^trium, and ocours in imperfect crystals 
or irregular grains, probably trimetric, of myish-white or pale yellow colour, unctuous 
adamantine lustre, harder than fluorspar, but scratched by a st^ point (D amour, 
Xnstitut 1853, p. 78.) 

OASXX&liOYA XObAATZOA. . A Mexican sciophulariaeeous plant which yields 
caoutchouc. 

OAJITnra* A crystalline basic substance, obtained from the seed of Vitex Amiun 
castus, X. It is bitter, insoluble in water, soluble in alcohol, ether, and acids ; ionna 
a crystalline hydrochlorate. (Landerer, Buehner^s Bepert. liv. 90.) 

CABTOA. A yariety of Pbtaxitb (q. tr.). 

CAAVOSamC. BibergdL^A substance found in a pair of small sacs situated 
in the genital organs of the beaver (Castor Fiber and Castor americtnus). There are 
three sorts of it Russian, Bavarian, and American or Canadian. Of these, the Russian 
Is most valued, though the Bavarian is considered nearly equal to it Castoreum 
when fresh, is soft and unctuous, hut becomes hpd and Arm when dry ; it has a black 
or brownish-black colour, and is somewhat shining. It has a peculiar pungent odour, 
and a bitterish spicy taste, which irritates the throat ; it is used in memcine as an 
antispasmodic. 

According to Brandee, Russian and Canadian castoreum differ considerably in com- 
position, as shown by the following table: 


Volatile oil • • • • 

• • 

1*00 

2*00 

Castoreum resin • • • • 

• • 

13-85 

58-60 

Cholesterin • • • • 

e o 

— 

1-20 

Castorin 

• • 

0-33 

2-50 

Albumin 

• • 

0-05 

1-60 

Glutinous substance • • • 

• • 

2-80 

2-00 

Extract soluble in water and alcohol 

• • 

0-20 

2-40 

Carbonate of ammonium 


0-82 

0-80 

Phosphate of calcium . . - • 


1-44 

1-40 

Carbonate of caldum . 


83-60 

2-60 

Sulphates of potassium, caldum, and 
nesium 

mag- 

0-20 


Gelatinous substance extracted by potash 
Gelatinous substance, extractable by potadi, 
soluble in alcohol . • • . • 

2-30 

8-40 


1-60 

Membranes, skin, Ac. . 

* • 

20-03 

3-30 

Water and loss . . . 

• • 

22-83 

11-70 

• 


M-95 

100-10 


Wohler ^ distifling Canadian castoreum with water, obtained phenie acid, together 
with benzole add and salidn ; he suspected also the presence of eUagie and sdicylic 
adA Lehmann found bile in flresh castoreum, by Pettenkofez's teat; also alkaJine 
aebatee and uratea, and an albnminoTdal substance. Laugier, Brandea, Bstka, and 
Riegdt found benaoie adA Lehmann fonnA as the mineral conatitaenta of eaatorenm, 
a amall quantity of diloride of sodium, sal-ammoniac, and other soluble salts, also 
phosphate of sodium and ammonium, and an abundance of phosphate of and 

phosphate of magnednm. 

A anhstanee reaemhUng eaatoreum mi likewiae aeeretad hy the PMpoee CPrmgmifum 
wm i9 and cHtmridU) of man and of the hone. Lehmann gives tne folfoadim table of 
oompositidn of: A. Fresh German castoreum ; B. Smoked Bnsaiaa ; C. Qmadtan j 
lx jmqHidl of tlm hoTM : B of mu 

■ 4 - 




A. 

B. 

a 

D, 

u 

j^eveid enfawBi • * 

7A 

2*5 

8*2 

49*9 

52*8 

AJeohobe extract • • • . 

877 

64*8 

41*8 

9*6 

rf 

Water extract • . 

2*6 

1*9 

4*8 

6*4 

6*1 

Aeotie arid extract • ^ 

14*2 

18*5 

21*4 

5*4 

9*7 

„ „ oonnrtiiwof 

eerbonate of colaum and al- 
bnminoidal eubstanoe ■ • 

2*4 

3*4 

6*8 

28 

5*5 

Portions of skin • 

6*7 

9*4 

18*4 

26*8 

18*5 


100*0 

100*0 

99*9 

99*9 

100-2 


The ethereal extracta oontained mpODiflable fata, choleaterin, and caatorin, and a M 
which became Tery finely divided in water. 

Castoreum resin ia obtained by evaporating the mother-liauor of caatorin (rid. i^/,) 
to dxyneaa, ^aosting the residue with water, then dissolving in alcohol, and eva* 
porating. It is black-brown, shining, brittle, nearly insoluble in ether, soluble in 
Mueous alkalis, and precipitated therefrom by acids. 

* Castorevm^^ obtained by distilling castoreum with water, is pale yellow, visoid, 
tparingly soluble in water, easily in alcohol, and has a sharp bitter tasto. Bussian 
eaaforeum yields 2 percent, of this oil; Canadian I per cent (Handw. d, Chem. 2** 
Aufl ii. [2] 1084.) 

OASTOSUCW* A fatty substance obtained from castoreum. A solution of castoreum 
in 6 pts. of alcohol saturated while warm, yields on eobling a deposit of ordinary fat, 
and the mother-liquor deposits crystals of castorin by slow evaporation. This sub* 
stance, when purified by rc^pcated crystallisation, fprms delicate, transparent, four-sided 
needles, liaring a faint taste ami smelt of castoreum. It melts in boiling water, and 
solidifies on cooling to a hard translucent, pulverisable muss. It is but sparingly 
soluble in cold alcohol ; ether dissolves it readily ; volatile oils only when warm, ft 
appears to volatilise with vajiour of water. It dissolves without alter^ion in boiling 
dilute sulphuric acid, in strong acetic acid, in caustic alkalis. According to Brandes, 
it forms a peculiar compouml with nitric acid. (Gerh. iv. 280.) 

CASTOIfc OZX»m This oil, much used in medicine as a purgative, is extracted front 
the secHl of Ii c mts communie. a euphorbiiici^ous plant cultivated in the West Indies 
and other wanii climates. It is viscid, yellowisli, odourli^, and has a faint taste, 
which becomes acrid when the oil Is rancbL It solidifles at — 18®C. Speafio 
gravity 0-969 at 12® C. It is distinguished from other oils by its easy solubility in 
alcohol and ether. It is a mixture of several glycerides. \\^en saponified by an 
alkali, it yields u soap perfectly soluble in water, and from which mineral acids sb|>ii- 
rute a mixture of acius, oily at common temperatures, and consisting mainly of ricino- 
leic acii When this oily mixture is dissolved in a third of its volume of 

alcohol, and the solution is cooled to — 16® or — 12® C., it deposits a small quantity of 
nacreous scales, apparently consisting of stearic and palmitic acids. 

Castor-oil gives by analysis : 

flauMurs. Ure. 


Carbon . . . 7418 7400 

Hydrogen . . 1103 l«-29 

Oxygon • . . 14»79 J6-71 

100*00 100*00 

Ammonia converts casfor-oil into ricinolamide, When cmitor oil is 

distilled with potash, sebate of potassium remains in the retort, and an oilv liquid 
passes over, con s i s ting of capi^hc or cenanthylJc alcohol, and methyl-cenantnyl (sm 
Aloobou, p. 98). Castor-oil treated with a mixture of sulphuric acid and arid 
chromate of potassium, yields cenanthylic acid and hydride oi valeryl. Nitric acid 
attacks it wiw violence, and converts it into mnanthyUe acid. Peroxide of nitrogeii 
causes it to solidify. Castoivoil dissolved in absolute alcohol, and imposed to the acUoif 
of gaseous hydrochloric acid, is converted into glycerin, and contains ctbyl-compoinds 
ibrmed by ue fatty acids previously in combination with the glycerin. ^ Castor-oil 
•oldoeted to dry distillation, yields hydride of osnimtby] and csnantbylic arid, togoUier 
wilu small quantities of acroira and solid fatty acids. (Gerh. ii. 903.) 

CUlTA&miBf or Qmtact oeiion , — ^Terms applied 1^ Berzelius and Kitsehc^'eh 
to thooecases of riiemical action in which a substance appears to induce decompomra 
in aaother bo^, without itself undergoing perceptible fUterstion, or ai all evsM 
out entering into oonbiiiation with ritbmr of tiie elements of that oon^MHiniL 
Coirr^ Aonow.) 

CLfaVAJPUBm. A sOkate contaaniiig sueoninm, from the island MW 


li«rorr. 

74*68 74*35 

11*48 11*36 

13*^ 14*80 

100*00 100*00 



BroTig; Konmjfi together irith eirocm, leueophiiiie, moaandrite, end tritomite 
perfect prismstio crystals, with perfect baeal dearage. Speeifie gmrity 2*8. Hard^ 
near 8. Opaque, with li^ht yellowiah-brown colour, and little lustre. Kelts 
to a white enamel before the blowpipe on platinnm; gives a colourless glass wi^ 
borax; blue with cobalt-solution. Dissolves easily in hydrochloric acid withoai 
gelatinising. Mean of analyses : 

SiO» Zr»0* A1*0* Na*0 Ca"0 Fe^'O H*0 

46*67 29*57 0*92 10*45 4*18 0*66 8*96 » 101 26 

agreeing nearly with the formula 3(M"O.SiO*) + 2(Zr*0*.3Si0*) + 2aq., which if rir- 
conia be regarded as a protoxide (rr « fZr), may be reduced to that of a uietasilicats 

(M";8r*)Si*0* + aq. (Weibye and Sjogren, Fogg. Ann. Ixxix. 299 ; Dana, ii, 308.) 

OJaTAWBARITK A name given by Lieber (Sill. Am. J. xxviii. 148), to a 
rock which accompanies itacolumi^ and appears to^ stand, as a magnesium rock or 
slate, between itacolumite and itabirite. 

CA.raoa[trp formerly called also Terra japonica^ is an extract rich in tannin, 
obtained by boiling in water the parts of. several plants growing in India, and is dis. 
tingnished into three sorts in commerce*. 1. .Bombay Catechu, from the Ar,C(i 
cateehUf is prepared by boiling the frtut of the areea palm in water, the first portlnna 
of the decoction being the strongMi^ and affording tne quality called Cassu^ the latter 
portions, the weaker sort called Pour^, The best occurs in dense irregular lumps of a 
a dark brown colour. It isopaque^ jnth in even, slightly unctuous, shining fracture. 
Another variety called has. g somewhat reddish-brown colour, a fatty 

lustre, a splintery conchoidal fracture, and is translucent on the edges. Botnljay 
catechu is almost entirely soluble in4x>iling water, yielding a dark brown liquor, vitv 
rich in tannic acid, and affording copious precipitates with solution of glue and with 
sulphuric acid. 

2. Bengal Catechu, is obtained from the Acacia (Mimosa) Cat chu^ by boiling 
the twigs and unripe pods in water. It has a lower specific gravity, is of a pale bi-owu 
colour, with a yellowish cast. It is opaque, with a glimmering lustre on the frac- 
tured surface only, and traversed by dark brown shining stripes. When treated with 
cold water, it leaves a large residuum, but boiling by water it is mostly taken up ; the 
solution contains less tannin, but more cateehin^ than the Bombay sort. 

3. The third kind, colled Gambir Catechu, is referred to the Najwlea (Uncaria) 
Gambir, from which also kino is obtained. It occurs in cubical pieces of 1 to Ij^ inches, 
opaque, and of a brown yellow or bright yellow colour. Their fracture is even and 
dull. ^ It is little soluble in cold water, but almost completely in boiling water, the 
solution affording copious mcipitat€» with glue and sulphuric acid. 

4. A fourth kmd ^led Egyptian or Nubian Catechu, is said by Landerer to be 
obtained by the collectors of gum by boiling the fruits of gummiferous acacias, and 
to be exposed for sale in the bazaars of Smyrna, and at Constantinople. It is for the 
m )st part soluble iii* water, but differs froni the other varieties in many respects. 

All kinds of catechu dissolve in great measure in alcohol; and soften with heat. 
The specific gravity of good Bombay catechu is 1*39 ; of Beu^ catect^u 1*28 ; and of 
the Gambir variety, 1*40. Catechu is used as an astringent in medicine, and for tan- 
ning leather, either alone or mixed with oak bark. The comparative value of catechu 
fur tanning may be measured by the proportion of gelatiii which is required to precipi- 
tate all its tannin. Catechu is also used in dyeing, especially for oilk and wool. 'When 
treated with nitric acid at 45° C., it yields a bright yellow powdsr,. possessing all the 
properties of picric acid, but much more soluble in water. Suk and wool may ^ easily 
djM in the aqueous solution. 

Catechu has lately been much used to prevent the fbrmation of boiler incrustations, 
or to remove them when formed ; the quantity required is such as will slightly colour 
the water. (Newton, Rep. of Patent luventtons, 1858; Dingl. pol. .T. cxlviii. 315.) 

Catechu is motnfy composed of two principles, eatechin and eaUchiUanme aciVf, 
,J^>geth6r with a brown oolouring matter. 

OaTaoHiu; CaUchueio aei^ or Tanningenic acid^ is obtained from Bengal catechu, 
hg digesting it for 24 hours in cold water to extract the tannin, and then boiling the 
residue a^vml times ip^th water. The yellow catechucic acid wliic^ deposits itself during 
the cooling is to be collected upon a filter, washed repeatedly with cold water, and 
finally dissolved in six times its weight of water with punfisd bone-black to decolorise it. 
Whits ffstowhucie acid sepantes from the hot filtered solution as it cools. It is now 
to bn washed on a filter with cold water, quickly dried cm bibulous paper, and more 
emhptette under the leomver of the air-pamp. Other processes^ but less simple, have 

. ^ich eatoi^in is a iHuto powder composed of veiy small silky needles. It dissolves 
in liSBq^ of watWiA 17^ 0., forming a coloorieas tasteless solution, which has no 
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AH add tttaicdpsi)i in A or 6 of cold alcohol, 2 or 8 pta. boiling alfiobdl 
pis. of cold elhar and 7 to 8 pte. boilmg ether. According to Zwenger^s ona^ia 
it coidai&a61*3 per cent, ca rb on ttid4‘8 hydrogen, whence Zwenger dedneea the formula 
C^“0». 

Oatediin melbe at 217^ (Z wen ger), and eolidiflee to a tmnelucent, amorphous brittle 
inaes. After diying at 100^ 0. it gives off 4*4 per ^nt water when melted. When 
heated above its melting pointy it turns brown, and intumescee, giving off water and 
carbonic acid. Bv diy oistiUation it yields an empyreumatic oil and an acid wateiy 
liquid wbieh yielda by evaporation crystals of pyrocatcchin or ozyphenic acid {;. e.). 

Dilute mineral acicEs dissolve cutechin without altering it ; strong adds decomp^ 
it ; with strong sulphuric acid it forms a deep purple liquid, 

CateehiB does not form definite compounds with bases. It absorbs ammonia, but 
pvee itnp again m vacuo. The.ftzed alkalis colour it yellow, brown, and black. It 
Som not decompose alkaline carbonates, or precipitate the solutions of hydrate or 
acetate of calcium or barinin. It forms a white precipitate with acetate and subaeetate 
of lead ; dai^ green with ferric chloride ; greenish>black or violet with foiroso-ferric 
eulphate ; brown or black with sulphate of copper; brown or black with salts of silver, 
gol^ and pl atinum, the metals being reduced. These decompositions often take place 
after a time only, or on heating the liqui^ and are always accompanied by decompCK 
sition of the catcehin. Solutions of gelatin, starchy tarUr-cmetic, and salts of quinine 
or moiphiiie, are not precipitated by catechin. (Gerli. ii. 882). 

CaTBOBU^TANVio Acid. Cachmtiannio aokL Tannin of CateehiL To db« 
lain tbie acid, the aqueous inftision of catechu is heated with dilute sulphuric add, 
and after the liquid has been clarified from the colouring matter, foe., thereby thrown 
down, strong sdphuric acid is added as long as ‘a precipitate continues to form. Thin 

S recipitate m warned on a filter with dilute sulphuric acid, pressed between paper, and 
issolved in pure water, the solution digested with carbonate of lead, the solia matter 
thiown on a filter, and the filtrate evaporated in vacuo. The product thus obtained is 
purified by re-solution in ether containing alcohoL Another mode of preparation Uto 
exhaust powdered catechu with ether in a displacement-apparatus ana evaporate the 
ethereal solution. A yellowish porous mass then remains rtHsembling gallotanuic acid. 

Cachoutannic acid has a purdy astringent taste, and resembles gallotanic acid in 
many of its properties, but is distinguisbed therefrom by not precipitating tartar- 
emetic, and by forming a greyish-green^ precipitate with ferric salts. It docs not 
precipitate ferrous salts. It is soluble in water, alcohol, or ether, insoluble in oils 
fmth fixed aod volatile ; its solutions are precipitated by gelatin. It is but slighUv 
soluble in water acidulated with sulphuric acid, though more so than gallotannic acid. 
According to Pclouzo, catechutannic acid contains 

Catechutannic acid softens when heated, and yields by distillation a yellow empy- 
reumatic oil, together with a watery liouid which gives a greenish-grey procipitato 
with fiurie salts, and is coloured brown by alkalis. 

The solntion of catechu- tannic acid alters ouickly by exposure to the air, becoming 
red, and leavingson evaporation a substance which no longer re- dissolves completely in 
water. According to Delfts, catechin is one of the products of the decomposition. 

l^e salts of catechutanuio acid arc too unstable to be prepared in the pure state. 
The is reiy soluble, and precipitates gelatin after addition of an acid. 

The eatechutannates of the earth-metals and heavy metals fona sparingly soluble pre« 
cipitates. 

OATM4L WSHWnUKMm The leaves of this plant, called KAl by the Arabs, are brought 
ftom the interior to Aden ; they are said to produce sleeplessness and an agreeable 
state of excitement. 

OAmKAJATUr. The pufgative principle of senna (the leaves and of several 
shrube of the genus CasHit, order Lrffwninosa). It is prepued evaporating the 
aloobolie extract of senna, redissolving in water, predpitatii^ with acetate of lead, 
■ejMurating the excess of lead from the solution by sulphuretted hydrogen, and evspo--. 
rating the filtrate. It is a brownish yellow, unctystAUisable, diaphanous mass, soluble 
in v^eraad alcohol, insoluble in etfusr ; its taste is bit^ and disgusting. % dry 
distillation it yields products firee from nitn^en. Alkalis turn it Six>wD ; with sub- 
neetale of lead and tincture of galls, it forms yellow precipitates (Lassaigne and 
Feneuille, Ann.Cb.T1ijs. [2]xvl 18). Winek ler (Jafirb.pr.Fhann.xix. 223) applisa 
the term oatharHn to a bitter substance contained in the berries of the buckthorn 
(ffiomitict ciOJkarticuM), (See RKAiaco-GATBABTiir.) 

CAnMinip or Kathode , — Faradays term for the nej^tive pole or electrode in the 
^ofosle eirenit, the dements there eliminated being caUod caUenif or kaiUrnSm (fiss' 
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OUTUnmn* A reddish claj stone ftom the Cotean da Prairie^ west ol tiu 
MisaisBippi (Jacksohi SilL Am. J. xxxr. 388.) 

CAT'S MTS. A translucent quartz of beautiful appearance Brought ftom Oeylon, 

Its colours are green, grey, broum, and red of yarioua shades. ^ Fracture imperfectly 
condioidiJ. - Translucent with yitreous internal lustre. It derives its name hiom a 
peculiar play of light (chatoyant), arising £rom fibres interspersed. It scratches quartz, 

18 easily hroken, and resists the blowpipe. Specific gravity 12*64. Contains, according 
to Klaproth, 96 per cent silica, 1*76 aiuznina, 1*6 lime, and 0*26 oxide of iron. It u 
valued for setting as a precious stone. TJ. 

OAVliOFBniXAir. A resinous medicinal preparation obtained in Korth 
America &om Caidophyllum Halictrdides, (Buchners N. Kepert vi. 188.) 

OAVSTXCXTT. The quality possessed by strong alkaUs, acids, nitrate of sil- 
ver, Ac., of corroding the slun and fiesh of animals. In the old language of surgeiy, 
caustics were divided into the actual, such as red-hot iron and moxa, and the poten- 
tial, such as the above-mentioned preparations. 

OATOUVXTM. SeeNEPHBUN. 

CAWXt A miner's term for native snlphate of barium. 

CMMAM, on OF (not to be confounded with Oleum de cedro, which is one of fclio 
names of oil of citron). — A volatile oil obtained from the wood of the Virginian cedur, 
Jwniperus Virginiana, which is need for making pencils, and owes its agreeable odour 
to this oiL It is a soft semi-solid mass, consisting of a liquid Iwdrocarbon, cedronc, 
and an oxygenated camphor or stearoptene, containing C'^H'^O. 

To obtain the camphor, the crude oil is distilled ; the distillate is pressed between 
linen or calico, to free it ^m the greater portion of the liquid cedrene which adherer 
to it, and then crystallised from ^cohol of ordinary strength, which retains the re»t 
of the cedrene in solution. 

Cedar-camphor thus purified is a crystalline mass of great beauty and lustre, having 
an aromatic odour, like that of pencil -wood, but not much taste. It melts at 7i? C. 
and boils at 282^. Vapour-density 8*4. It dissolves very sparingly in water, but 
freely in alcohol, whence it crystallises in needles having a silky lustre. It gives by 
analysis, 81 per cent carbon and 11*8 hydrogen, agreeing with the preceding formula; 
hence it is isomeric with camphor of cubebs (q. v.) By distillation with phosphoric 
anhydride, it is resolved into water and cedrene, C**£[^0 » C**H” + H*0. With 
pentachloride of phosphorus, it yields an aromatic substance, which has not yet been 
analysed. Strong sulphuric acid colours it strongly and separates an amher-coloure<l 
oil (Walter, Ann. Ch. Phy8.[3] I, 1. 498). Accoitling to Bertagnini (Compt rend. 
XXXV. 800), oil of cedar combines wth the acid sulphites of the alkali-metals. 

CMBMMNM. — ^This body is produced from the concrete portion of cedar- 

Oil by the action of phosphoric anhydride. It is oily, aromatic, ana has a peppery 
taste. Specific gravity 0*984 at 16*^ C. Boils at 248^. Vapour-density 7*6 (4 voL) 
(Walter, loc, eit.) 

OMMMIir. See OsDAom 

OMDMUUBTi One of the^products obtained by Beiohenbaeh (J. pr. Chem. i. 1) 
from the tar of beech-wood; said to ciystalllse in fine needles. Volckel (Ann. Cb. 
Fhann. Ixxxvi. 331) was not able to find it. 

OMOMOir. Simaba Cedron (Plancbon). — ^A tree which grows in the hottest parts 
of New Qranada, and bears fruits resembling the bean of St Ignatius ; they have a 
bitter taste, and are used in that country as medicine. Ether extracts from them a 
neutral dystallisable fat^ insoluble in cold alcohol. The fruit exhaustion with 
ether, yields to alcohol a crystallibable substance, cedrin, whi^ Lewy regards as the 
active principle of the fruit. Cedrin is sparingly solnblein cold water, more soluble in 
bdling water and in alcohol, and ciystallises firom the solutions in silky needles. It 
h neutn^ and has an intensely and persistently bitter taste. (Lewy, Compt rend. ^ 
9^1. 610.) ^ 

OMUMTIV. Syn. with Obuktin. 

OMSUblTblO ACni* Syn. with HnaPBonc Aon>. (See PjBcno Aonx) 

CMXiWfcOMMi GV*0*. Lignin, Woody fibre, JJgneux, ZeUUoff, Hansmretl^ 
okff, jytan 00 ^fa$or$iefit, (Payen, Priciodo CkmUinduatrieUe, 4»«4d. ii. 11 ; Gerh.ii. 
481 ; Om. xv. 123.>-«Tlii8 subetance onnstitutes the essential pt^ of the solid framework 
of plantflw The ceU-wmlls in the early stages of their development are eomposed en- 
tiielj of it, bat as the plant grows, th^ bmme inemsted with coloniing matter, resins, 
and oOMf fbnign substances, whi^ in some paj^ aa in the heart-wood of large trees, * * 
tjm eat^ eavitiea. Some tiasnea, howew, eemdst almoaTwholl^y of ^nlos^ 
'yHOk of the lioe-paper plant (Aeaehgnomeno foihdoaa), and tna homy peri- 
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CoUidoM has lOao beon mid to «zirt in the animal kin^om» constituting tbc chief 
part of the miuitle of moUueea, and according to Fr^my» of the testa or intoguiaent of 
inaecta and orfutaoeO ; fiom the analysis of other chemists, however, these sabstancea 
appear to be nitrogenous (see Ckivik). According to Virchow (Couipt rend, nxxvi 
492, 860), cellulose is found m degenerated human spleen and iu eertaiu parti of tha 
brain. 

The easier method of obtaining pure eellulos^ is to wash white ootton, unsiied 
paper, old linen, or elder-pith, with a hot solution of catistio potash or 8<kla, then 
with cold dilute hydrochloric acid, then with ammonia, washing thoroughly with water 
after the application of each of these reagents, and lastly yrim alcohol and ether ; it 
is often necessary to repeat this series of operations two or three times. To obtain 
pore e^ulose from wood, it is necessary, aft^ boiling the wood with potash till the 
liquid is almost dry, to treat it with chlorino-wator or with a weak solution of chloride 
of lime, repeating these successive operations aovcrul times, in order to free the c^oliir 
tissue ^m the encrusting matter which is so intimately united with it The vege- 
table fibres in the excrements of herbivorous animals furnish a convenient eource of 
ceUudose, because the encrusting matter has been already removed or disintegrated to 
a great extent by the process of digestion, so that tlie cellular substance which remain# 
is much easier to purify tliati the tissue of the plant in its natural state. 

Cellulose thus purified is white, translucent, of specific gravity about I'd, insoluble 
in water, alcohol, ether, and oils, both fixed and vmatile. When quite pure, it is un- 
alterable in ilie air ; but as it exists in woo^ in contact with azotised and other easily 
alterable matters, it gradually decomposes in moist air, undergoing a slow combustion, 
and being converted into a yellow or orown friable substance called iouchwo<Hi, 

The state of aggregation of cellulose varies with its origin. In its less compact 
forma, as in Iceland moss, it is easily disintegrated by boiling with and con- 

verted into a soluble substance, viz. dextrin ; but in its ordinary denser form, as in 
wood, linen, cotton, drc. it resists the action of water, and even of more energetio 
solvents, for a long time. 

Strong Bulphurto and phosphoric acid disintegrate cellidose at ordina^ temperatures, 
and convert it into dextrin, a substance isomeric with cellulose, without colouring 
it; If water be then added and the mixture boiled, the dextrin is converted into 
glucose. Thin strips 4(^per or linen, triturated with strong sulphuric acid added drop 
by drop, are conveiteo/afler some time, into a viscous mans conMisting of dextrin, and 
on boiling this mass with water, it acquires the property of reducing copper-salts iu pre- 
sence of an ^kali, and after some hours’ boiling is completely convorfea into glucose. 

Unsized paper plunged for a few seconds into sulphuric acid diluted with ^If to a 
quarter its Wlk of water, and then washed with weak ammoni^ undergoes a very re- 
markable alteration, being converted, without change of commsition, into a tough sub- 
stance voiy much resembling animal parchment, and applic(il)lo to the same pumses* 
The formation of this remarkable substance woa first noticed in 1 847, by Alossta, 
Toumar^e and Fimier, who mve to it tlie name’ of Vapyrin, The discovery re- 
mained, however, without practical application till the vear 1867, when it was again 
brought into notice and patented in this country by Mr. W. £. Oaine; and the ma- 
teria( call^l vegetMe parchment, or parchment paper, is now manufactured in huge 
quanti^ fay Messrs. De la Rue and Co. Resides its appUcution to the same purposes 
M ordinary patehinont, it is largely used for covering pots in which preserves and 
jellies are kept, and for making shirt-eollars, imitation lace, &c. &c. ; it is also very 
useful in the laboratory, for eonnecting pieces of apparatus in distillations, and as an 
intervening membrane in experimenta of diffbsion, osmose, 8cc. That it should have 
remained so Img unnotic^ after its first discovery is probaldy due to the circumstance 
that Messrs. PoumarMe and Figuier, in preparing it, used strong sulphuric odd, of 
ipedfie gravity 1*842 ; and it has since b^n found that the material thus produced, 
though possessing the general characters above described, is not nearly so tenacious 
astlmt obtained with acid dilut^ to the extent already mentioned. (Hofmann, 
Ann. Ch. Fharm. exii. 243.) 

OeUalose (linen, for example), boiled fbr a short time with modrraUfy dilute eul* 
phurie or nUrio add, is converted into a pulpy mass, which still exhibits the compo- 
sition of eellulese, and does not dissolve sensibly in water. Btr<mg bailing hydrockl&rie 
acid cenver ts eeUnlose into a fine powder, without chanM of composition. ModcraMg 
strong mUr ia ac id eonverto eellnioee into a nitro-suMitution-product, resembltnpi 
xy 1 oldiUy Cfltt‘(N0*)0* (g.s^) Witl^ fusiy strong nitfie acid, or a mixture of stronffntfrts 
and c^hirut muds, higher substitation-prodnets are formed, vis, C^*(N0*)*0* and 
OW(llO*)H)* sailed gun-eotton, or pyroxylin {q. ».) 
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wieties the effect is merelv saperflcial. Vlfnte equal puls of potash tuad cellaW 
qioistened with water, are heat^ in a dosed Teasel, hydrogen is erolTed, and 
spirit distils over, while formic, acetic, and carbonic acids are produced, and remaiii 
with the alkali Melted h^rdrate of potassium converts cdlulose into malic acid 
Cellulose in all its forms is immediately blackened hyjluoride of borf ti, 

* eklon7Uffa8 is passed into water in which cellmose is sui^nded, the cellulose 
y oxidis^ wiui evolution of carbonic acid ; the same efiect is produced on 
»atin^ celldose with the solution of a hy^hloritt : hence in bleaching cotton 
fabncs, paper-pulp, with hypochlorites, &c., great care must be taken not to 
use too stronpf a solution. 

Cdlulose in its more compact forms is not coloured b^ solntion cf iodine; but if 
previously disintegrated by sulphuric acid or caustic alkalis, it produces a violet-blue 
colour with iodine. In this manner, cellulose may be detected in vegetable tissues 
under the microscope. Some lichens and olgse, Iceland moss for example, give the blue 
colour with iodine after being boiled with water. 

Solution of Cellulose. — C^ulose dissolves completely in an ammoniacal solution of 
oatid^ of copper. This solvent maybe prepared bypassing air freed from carbonic 
acid^ into a bottle filled with copper turnings and half filled with ammonia ; or by 
placing copper turnings which have been oudised on the surface by heating them in 
the air and then reduced by diy hydrogen, in a tall glass vessel, and causing ammonia 
to ^ drop through them into a bottle placed below ; or again, by directly dissolving 
oxide of copper in ammonia. Silver-paper, or thin filtering-paper, dissolves in this 
li^d alter a while, forming a syrupy solution, which may be filtered after dilution 
with an ^ual bulk of water. On mixing the liquid thus formed with excess of 
hydrochloric acid, the cellulose is precipitated in amorphous fiakes, which, after washing 
with water, are colourless and quite free from copper. Even in this finely divided state, 
cellulose is not coloured blue by iodine, unless it be first subjected to the action of 
strong Bolphurie acid. (Pa yen.) 

Several substances obtain^ ftom. the solid tissue of plants, and formerly regarded 
as distinct proximate {principles, are now known to be mere modifications of cellulose ; 

tmm fungi, meduUin^ from the pith of various trees, Ilordein, fiom 
barley, is a mixture of cellulose with starch and a nitrogenous b<^y. 

OB&TZ8« The firuit of Celtis orientalis contains 71 per cent, of fleshy pericarp, and 
28*3 seeds, the latter consisting of 67’3 husks, and 32*7 kernel ; 100 pts. of the kernels 
contain 13*2 pts. oil, and 45*6 ash, of which 40*4 pts. consist of carinate of c^cium, 
and 4*4 of silica. 

CSSmrr. The term cement is applied to any substance capable of holding to- 
gether the surfaces of two bodies without mechanical rivets. Cements may be divided 
into two classes, stony cements, and those of a resinous and glutinous character. 

X. The chief stony cements are common buUding Tnortar, a mixture of lime slaked 
to a cr€«my consistence, and sharp sand, which hardens partly by drying, {>artly by 
kbsorption of carbonic acid from the air; and hydraulic mortar^ or Soman Cement, a 
Inuctttro of alaked lime with amorphous silica, which, hardens underwater to a compact 
mass of hydrated silicate of calcium. (See Sii.icatbs of Calcium.) 

The ntastio cement of London, much employed for giving to brickwork the hardness 
and appearance of ston^ is composed^ of oolitic limestone, chiefly that of Portland, 
^ely ground, mix^ with sand and litharge, and made into a loosely coherent paste 
^th linseed oil, either raw or boiled. The oil is extem{>oraneou8ly mixed by the 
workman with the cement powder on a board by a trowel, and plastered thinly and 
smoothly over bricks, Uths, or any surfaces which are to resemble stones. The fine 
prmuoed by sawing stone slabs, is said to answer a like purpose, when mixed 
vnth fithaige ana oil. Analysis shows that the said mastic is composed of 35 pta of 
aiEoeous sand, 62 of llroeston^ and 3 of litharge. These proportions may, however, 
be somewhat varied without iiyuxy. Too much limestone impairs the hardnees of the 
cement ; too much sand makes it porous. For eveiy 100 pts. of such a mixture, about 
7 of oil m required. As this compost is friable, it may be made more ductile by 
keeping it compressed in moulds, for a little time before spreading it by the trowel. 
The Burikee to wMoh it is to be applie^ must be cleaned and oiled beforehand with a 
brush. It is paitiettlarly usefiil in dosing fissures in buildings, and preventing the in- 
gnst of moistiirs through seams. 

8. JBerigotit and glutinous cements sre of many different compositions. ‘ Bosin and 
beeswax mdted toiler, and thickened with more or less fine brickdust^ serve for 
cementing glass and metal wbrks. Asphalt mixed with chalk in dqe proportion has 
been need cxtcnsiTdj ftxr paving streets and terraoeei The bitumen of S^rssel and 
I^ibaann in Frimce^ hM been lar^y employed for thiapurposa. The cCmpost rendered 
•early fluid by heat^ is appli^ to bodies dried, and if convenient, previously heatcA 
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Sereii or eig^t porti of roun^ and one of wax, melted together and mixed with a 
email quoatit j of phuiter of Piuie, ibrm a reaj good cement to unite pieces of Derby* 
ehirc spar, or other stone. The stone should be made hot enough to melt the cemffnt» 
and the pieceer should be pressed toother as closely as possible, so as to leaTo as little 
as may M of the cement between them : this is a general rule in cementing^ jai the 
thinner the stratum of cement interposed, the firmer it will hold. Melt^ iMUnr 
Ufsed in the same way will answer sufficiently well, if the joining be not fe 

be Tciy strong. 

It sometimes happens, that jewellers, in setting preeiona stones, break off piceea by 
accident : in this case they join them, so that it cannot be easily seen, with gnm»mastic, 
the stones being previously made hot enough to melt it. By the same medium, cameos 
of white enamel or colour^ glass are often joined to a real stone as a ground, to pro* 
duce the appearance of an onyx. Mastic is likewise used to cement fidse backs or 
doublets to stones to alter their hue. 

The jewellers in Turkey, who are ^nerolly Armenians, ornament watch-cases and 
other ti^eta with gems by glueing them on. The stone is set in stlycr or gold, and 
the back of the setting made fiat to corre^nd with the part to which it ia to ^ 
applied. It ia then fixed on with the following cement : Isinglass, soaked in water 
tUf it swells up and becomes soft, is dissolved in French brandy, or in rum, so as to 
form a strong glue. Two small bits of gum galbanum, or gum ammouiacum, are dis- 
solved in two ounces of this by trituration ; and five or six bits of mastic, as big M 
pease, being dissolved in as much alcohol as will render them fluid, are to be nuxed 
with this by means of a gentle heat. The cement is to be kept in a phial dosdj 
stopped ; and when used, it is to be liquefied by immersing the phial in hot water. 
This cement resists moisture. 

A solution of shellac in alcohol, added to a solution of iainglasa in proof spirlti 
makea another cement that will resist moisture. 

So does common glue melted unthout water, with half its weight of rosin, with the 
addition of a little red ochre to give it a body. This is particularly useM for oemsnt- 
ing hones to their ihames. 

Clay and oxide of iron mixed with oil, are said to form a cement that will harden 
mnder water. 

A strong cement, insoluble in water, may be made firom cheese. The cheese ahould 
be that of skimmed milk, cut into slices, throwing away the rind, and boiled till it be- 
oomes a strong glue, which, however, does not dissolve in the water. This water beii^ 
poured ofi^ it is to be washed in cold water, and then kneaded in warm water. This 
process is to be repeated several times. The glue is then to be put warm on a levigat- 
ing stone, and kneaded with quick lime. This cement may be used cold, but it is bettor 
to warm it ; it will join marble, stone, or earthenware, so that the joining is acareeiily 
to be discovered. 

Boiled linseed oil, litharge, red lead, and white lead, mixed together to a proper 
eonsistenee, and applied on each side of a piece of flannel, or even linen or paper, and 
put between two pieoee of metal before they are brought home, or eloae together, will 
make a dose and durable joint, that will resist boiling water, or even a oendderable 
prsanoe of steam. The proportions of the ingredients are not material; hnt the 
mm the red lead .pre^minatea, the sooner the cement will dry, and the more the 
wbito^ tike oontiazy. This cement answers well for joining stones of laige dimen- 
ei ons . 

The ffiUowing is an excellent cement for iron, as in time it unites with the metal into 
one mass : — ^Tue two ounces of sal-ammoniac, one of flour of sulphur, and atxtoen of 
cast-iron filings or borings. Mix them well in a mortar, and keep the powder dry. 
When the oement is wanted for use, take one part of this mixture, twenty parts of 
dear iron borings or filings, grind them together in a mortar, mix them with water to 
a proper consistence, and apply them between the joints. 

Fowdered qnidc lime mixM with bullock*B bloo^ is often used by ooppersmithi to 
lay over the meto and e^ea of sheets of copper in large boilets, as a secoriQr to the 
junctures, and also to prevent cocks from leaking; 

Six parts of day, one of iron filings, and linsm oil sufficient to form a thick past% 
make a good cement for stopping cracks iit,iron boilers. 

Temporary cements are wanted in cutting, grinding; or polishing optical g la ss es, 
stones, and varions small articles of jewelleiy, wmch it is necessary to fix on blodu^^ 
handl^ for the purpose. Four ounces of rosin, a quarter of an ounce of wax, and four 
ounces of whiting made pfeviously red-hot, form a good cement of this kii^ wy 
of the above arodes may be fastened to it by heating them, sad removed St de^ 
sue in file asses mstiDar, tlMmg h they adhere veiy firwy to it when eold. Fitelii 
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roaia, and a small quantity of tallow, tbickeDed 'witb faitdc'duiit, is much luni 
Birmii^ham for these purposes. Four parts of rosin, one of beeswax, and^ ^ 
hnckdnst, likewise make a good cement, which answers extremely well for 
hnives and forks in their bafts ; hut the manufacturero of cheap articles of this 
too commonly use rosin and brickdost alone. On some oceanaons, in which a verv 
tough cement is requisite, which will not crack though exposed to repeated blows, as 
fdstenmg to a block metallic articles that are to be cut with a hammer and punch 
workmen usually mix some tow with the cement, the fibres of which hold its parts 
toother. ^ 

Excellent water-proof cements are made from caoutchouc (p. 739). 

The following composition is a good cement for electrical apparatus : — Five pounds 
of rosin, one of beeswax, one of red ochre, and two table spoonfuls of plaster of 
Paris, aU melted together. A cheaper one for cementing Toltaic plates into wooden 
troughs is made with six pounds of rosin, one pound of red ochre, half a pound of 
plaster of Paris, and a quarter of a pint of linseed oil. The ochre and plaster of 

Paris should be well dried, and added to the other ingredients in a melted state. U. 

(See C/re’s Dictionary of Arts, Manufactures and Mines, i. 641). 

CJBBKBWTJLTZOar is the process by which one solid is made to penetrate and 
combine^ with pother at a high temperature so as to change the properties of one of 
them, without liquefaction taking place, being an exception to the general chemical rule, 
that bodies do not^ mutually act on each other unless when one or more of them is 
fiuid. The conversion of iron into steel by absorption of carbon into its inmost sub- 
stance, from a mass of ground charcoal in which it lies embedded while exposed to 
strong ignition, is one of the best examples of this process. A like change takes 
place on palladium, iridium, and platinum, in contact with charcoal or silica at a high 
heat. When a compact mass of the oxide of nickel or iron is ignited in a cnicilJe 
lined and covered with charcoal, the carbon exerts its deoxidating and metallising 
power to the ve^ centre. The same phenomenon occurs with compact sulphate of 
potassium or sodium encased and heated to redness in charcoal, these salts being thereby 
converted into metallic sulphides. These transformations have been ascribed to the 
progre^ive production of the gaseous oxide of carbon, and to its absorption by the 
metals,- Or its combination with the oxygen of the oxides or acids. U. 

CSMinrT COVPSR, is the metal precipitated from the blue water of copper 
mines or works by plunging iron plates into them. (See Covfbb.) e 

CBSrr AITRZXr. See CxiGDr. 

CBAlVRILXi&AJBBZTBa A hydrated silicate of calcium occurring in kidney-sbaped 
lumps^ together with other minen^, at Fundy Bay. These lumps are coatea with a 
greenish crust resembling chlorite ; below this crust is a thin layer of cerinite ; within 
this the ccntrallassite ; and the central portion consists of cyanolite. Centrallaasite ex- 
liihits a lamellated radiating structure ; it is white or yellovrish, translucent, brittle, of 
specific gravity 2*46 to 2*46, hardness 3*6, and has an almost waxy lustre. It melts before 
the blowpipe with intumescence to an opaque ^lass, and forms clear beads with fluxes. 
It dissolves in hydrochloric acid without gelatinisi^. Its analysis is said to agree 
with the formula 80a^O.16SiO*+ 6aq. (H. How, ^linb. N. PhiL J. x. 847.) 
OmWWtATUtBrn See iFBOaOUAXHA. 

CeraTicephalote , — ^A name applied by C ouerbe ( J. Chim. MeA x. 
524) to a yellm elastic fatty substance, insoluble in idcohol, but soluble in ether, 
which he obtained from the OTain. According to Fr^my and J. R. Simon, it is a mix- 
ture of the cerebrates of potassium and sodium, with traces of olein and oleophosphoric 
aciA 

O BRIIl>gA WBOATAa A plant indigenous on the coast of Africa, which 
exudes an amber-brown resin smelling Uke olibanuxn. 

OBSMiZO AOZB« An acid ^ntaining said by Hess (Ann; Ch. Pharm. 

XXV ii. 3) to be formed by oxidation in beeswax; also supposed to be produced in the 
prepmtion of oxalic or saccharic acid by the action of nitric acid on wheat-starch ; 
existing also, according to Oppennann (Ann. Ch. Phys. [2] *1ig- 240), in a Brazilian 
wa^ Its existence has not bcin distin<^y proveA 

OBBJkZW. A name applied by Boudet and Boissenot (J. Pharm. xui. 38) to 
the portion of beeswax which is sparing^ soluble in alcohol, anA according to their 
statement, is not saponified by potash. It Uppears to be chiefly impure my&in, inas- 
much as that body is not quite Insoluble in ai^hoL 
OBB BWOBFKAliOTBi See CnPHALon. 

CBBBBTgO JUyOSm An add found by Braconnot (Ann. Ch. Phjs. [3] xxi. 
484) in the fhel taken out of an antique lamp, probably of the fboith c ant nr y . This 
m ate ri al was partly soluble in boUing alcohol of 86^. Tne sblntion on cooling depodted 
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• vbite flaky milNitanae inaltiii|[ at 64^ C., proba'bly oerin : and the alcoholic mother- 
liquor retained a anbetanee, which remains after cTaporatioii, aa a whiter hard, brittle 
maw, meltiJQg at 51^ C. ; its alcoholic aolution reddened litmus, and by riow evapora- 
tion deposited small granular i^stels. This more soluble substance Braconnot desig- 
nated oera»/fc aouL The portion insoluble in boiling alcohol contained myriciu. 

eWMAMOf* The gum which exudes flrom the cherry-tree, plum-tree, and others 
of the same family is only partly soluble in water. The soluble portion exhibits Uie 
characters of arabin ; the remaining portion, which is called etrasin^ merely swells up iu 
water. Cerasin is colourless, semi-toansporent, tasteless, and inodorous ; easily nul- 
rerise^ uncrystallisable, insoluble in water and in alcohol, not suseeptible of alco- 
holic fermentation. Treated with nitric acid, it yields 15*5 p. c. inueic acid. According 
to GiUis (Compt-. rend. xliv. 144) ordinary gum arabic is converted into insoluble 
cerasin by a hest of ir>0*^ (), This nrtifioial ccrosin is reconverted into a soluble gum 
by prolonged boiling with water, but again becomes insoluble when heated to 150^. 

CSRJLBZVa or CIURAJEIZXX* Syn. with Hobn Lbad. 

CBXAS'mi- wood of Cerasiu avhim^ Uio bird-cheny, contains 0*28 per cent.» 

the bark 10*37 per cent, of ash. The constituents of theso ashes are as follows ; 

K®0 Na*0 Ca"0 Mg^'O Fc*0* I»0» SO* SiO» Cl 

Wood . . 25 9 10*1 36*8 11*4 0*1 9*6 4*1 2*5 trace 

Bark . . 7 9 16*5 44*7 5*4 0*2 3*5 0 8 21*3 0*4 

The unripe fruit of C. caproniana contains a large quantity of malic acid. 

C, capricida is known in Naples, and C. virginiana in North America, as deleterious* 

CBltAXlL A mixture of wax with oil or lard, used by surgeons to sennm ul- 
cerated surfaces from the air. Sometimes watery liquids are incorporated with the 
mass, as subacetate of lead in lead-e€‘rato. U. 

CSRATOZXB* Syn. with Nepiiuitb. 

cntBAiXdar* A nitrogenous substance closely rcBembling diastase, obtained by 
K5ge -Mouriis (Compt. rend, xxxvii. 351; xxxviii. 505; xlii. 1122; xlviii. 431 ; 
1, 467) from bran. It is contained in the epis[>ermium, the sixth memV>rane of th© seed, 
re^oning from without, and possessos the power of converting starch into dextrin, 
sugar, and lactic acid. The brown colour of bread made with flour containing bran 
appeals to be ohiefly due to tho decomposition of a portion of the flour by the corealin 
of the hran (see Bukad, pp. 658 , 660 ). Stiff starch-posto is quickly converted into a 
thin liquid by an infusion of bran at 40® or 50® C. 

To isolate ceroalin, bran is treated for six hours with dilute alcohol, tho residue 
pressed, and this treatment rep(?atcd tlirco times, whereby tho bran is freed from 
sugar and dextrin, wliile the cereal in remains unaltered and undissolved. On troatinu 
the residue with water, tho ceroalin is dissolved, and the aqueous solution ovaEX)rated 
at 40® C. leaves it in tho form of an amorphous albuminoid substanco easily soluble in 
water, insoluble in alcohol, ether, and oils. The solution coagulates at 75® O., also on 
addition of alcohol ; it is precipitated in flakes by dilute acids, not altered by neutral 
rennet. Its j*eculiar action on starch is prevented by tho presence of alkaUs. Cerealin 
once coagulated is no longer soluble in acids or alkalis, but still pOHseraes the power of 
transforming starch, though slowly. Ceroalin retains its power of decomposing starch 
at 70® C., but not at higher tomj^eratures, whereas diastase does not lose this power 
below 90® C, In other respects tho two lilies appear to resemble each other exactly* 

According to recent investigation by JVTouriis, bran freed from cerealin, especially 
tho perispermium^ appears to be more active than ceroalin itself, and possesses the power 
of converting starch even at 100® C. 

CnSAUI* Cerealia, Gelreide. — Tlii# name is applied to tho grasses which are 
cultivated for human food, viz. wheats barley, rye, oats, maize, and rice. They 
are for the most part distinguished by the la^e quantities of starch, nit^^cnous com- 
pounds, and phosphoric acid contained in their sectls, which constituents it is the object 
of cultivation to develop as much as possible. The^ several kinds of cereal grain, ex- 
cepting rice, contain nearly the same amount of nitrogen ; but in wheat-grain, the 
nitrogenous matter (gluten) jwssessea a peculiar adhesiveneM, arising from tho presence 
of a glutinous substance called gliadin, which is wanting in the other cereals. It is 
this property which renders wheat-flour so peculiarly adapted for the making of bread 
(p. 657). 

From the numerous analyses that have been made of the grain and straw of these 
plants, we select the following ; . . . • 

Way and Ogston have determined the amount of water and ash in tnegrai^ 
atraw, and chaff of whcat,barley, oats, and lyc with the following results (Journal of the 
Agcicaltiiral Society, vii. [2] 593-— 678 ; Jahresber. f, Cii€OL 1849, p. 672): 
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Tadui Amount qf Water and A^, in CereaU, 


Whbat: 
Ilopeion . 


Bristol rad 
Clovers red 
R«d-chair Dantzic 
Pipers thick set 

WhIte-chair” . 
Spalding . • 

White . 


Hammonds . 
Red Britannia . 
Red « • 

Ited'itraw white 


Polish . 
Marianople . 
Old red Lammas 


I Unknown varletj 
Chevalier . 


Chevalier (awn) 


Oati : 
Hopeton . 
Potato • 



Foliah 

Unlcnown 

Oat-chaff 


la the 50 samples of wheat enumerated in the preceding table: 

The moisture in 100 pu, of grain varies fkrom 9*5 
M M t* straw „ 10-4 

• -,** _ j* fi chaff ^ 11*0 

Stifle gravltj of the grain _ j*3l 

. Weight In lbs. of 1 bushel of grain m 58 

M nf straw to 1000 pu. of gi^ „ 730 

^ H chaff „ ,, 113 

Amonnt of ash In IWpta of diy grain l*6t 

« w M straw „ 8^1 

w tt ,• chaff „ T-W 


10-4 M 14*0 
11*0 ^ 14-0 

1*313 „ 1*413 

03 „ 03 

730 K 1397 
116 „ 878 

1*58 „ 2*19 

3*61 „ 1319 

7*98 » 18*78 


13*5; mean* 11*78 
14*0 „ 1IT8 

14*0 « 13*84 

1*413 H IW 
83 „ 81*8 

W .. 1047 

78 « 181 

8*19 « 1*99 

13-19 - 5*31 

18*78 .. 13-99 


o The mean of the whole, not the mean between the eatreme limits. 




















Tabu II — Composition per cent, of Cereal Grains according to various Authorities, 
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Vftj and O^rton deduce from their analytee of the edi of cereala the foUowiug 

geaenil oodcLusiods : 

The umount of aah ifl not influenced in any definite manner by the nature of the 
■oil ; it appears, however, to bo greatest on clay soils, less on calcareous, and least on 
sau<iy soiJa The strongest straw contains the largest amount of ash. The amount of 
ash in tlie chaff varies in proportion to that in fhe straw, not to that in the grain 
(see Table L). The amount of ash in the grain varies between much narrower limits 
than that of the straw or chaff. It varies as much in different sainplca of grain grown 
on the same soil as in samples different soils, and K^ars no definite relation either 
to climate or to variety. But in all c^es that wore oxtiinined, the proportion of ash 
in Uie ^[rain was found to vary inversely as the total weight of grain in the crop ; 
whence It would appear that the amount of mineral constituents ab^tract*^ from tuo 
soil by the grain is the same whatever may be tlie actual weight of the crop. 

Not only the amount, but likewise the composition of the ash appeaijs to bo inde- 
pendent of the nature of the soil : the prcdominanco of any constituent, lime or silica, 
for examples, in the soil by no means leads to a prtHlominaiiee of tiiat same constituent 
in the plant. Neither does it appear that different bases have any tcudeney to replace 
one another in plants. An abundance of sodii in the soil or tlio manure does not cause 
that alkali to take the place of potash in the plant. Other chemists have, however, 
arrived at different conclusions relating to this point. (See Daubeny, Chem. Soc. 
Qu. J. V. 9; xiv. 215. — Malaguti and Durocher, Ann. Ch. Bhys. [3J liv. 257.) 

The difference in the amount of ash in the grain, straw, and chaff rdate only to the 
silica ; if this be deducted, the remainders exhibit no j>ereeptible diflerence. 

The ash of the grain of barley and oats diflers from that of wheat-grain only in the 
much larger amount of silica contained in the two former ; if this be deducted, all es- 
s<‘ntial differences vanish. 

For further details, see the names of the several cereals (Bjlulby, under lloauKi'M) ; 
also the articles Soils and Manukes. 

caKXBSZO 4LCZ2I. (Fr6my, Ann. Ch. Phys. [2] Ivi. 168; v, Bibra, Ver* 
olnchinde UntcrsuchungmiAbvrda^ (rifhim der Mmsch n und der Wirhvlthierr^ Mann- 
Tieim, X85f.) — A fatty acid contained in the brain. It is obtained by eutting brain 
into thin slices; treating it repeatedly with boiling alcohol to deprive it of watt^r; 
pr**ssingit; digesting first with cold then with w'arm ether; distilling off the ether 
from the solution; and digesting the slimy residue with a much larger quantity of 
ether. Cerebric acid them remains as a sodium-salt mixed with phosphate of calcium, 
oleo-pliosphoric acid in the form of a sodium and calrium-Halt, and brain-albumin. 
To [lurify the product, it is digested in boiling absolute alcohol sliglilly acidulated with 
sulphuric acid, which leaves the calcium and sodium umlissoIvtHl as fulphafes, whilo 
the alcohol takes up the cerebric and okm-pbosplioric acids, and deposits them on 
cooling. Lastly, the mixture is washed with coM ether, wliich dissolves tno oleu- 
phnsplioric acid and leaves the cerebric acid, wJiicfi is finally purified by recrystal- 
lising it several times from boiling ether. 

Cerebric acid has a wliite, granular, crystalliiio asj)ect ; it is soluble in boiling al- 
cohol, insoluble m cold ether, easily soluble in boiling ether; in boiling water it swells 
up, but does not di«.solvc. It melts at a temperature near that at which it begins to 
decompose, and when more strongly heated burns with a characteristiu odour, leaving 
a difficultly combustible ciiarcoal with a dwided acid read ion. It consists, according 
to Fr6ray, of 667 percent, carbon, 10‘6 hydrogen, 2 3 nitrogen, 09 phosphorus, and 
I9’6 oxygen. According to Miiller and v. Bibra, the phosphorus is not an essential 
constituent. 

Cerebric acid is a weak acid, but nevertheless forms salts with all bases. The arn^ 
mnnium*^ potassium-, and 8odium~aa.\ia aro obtained as precipitates, nearly insoluble in 
alcohol, by placing an alcoholic solution of cerebric acid in contact with thq resi>ective 
alkalis. Baryta^ atrontia^ and litnc unite directly with cerebric acid, and deprive it of 
its property of forming an emulsion with water. 

CUUIBUW* This name has been applied to several substances oljtained from 
brain. Fourcroy in 1793 (Ann. Chim. xvi. 283) obtained a sulmtancc which was 
called cereb:rin, brain-fat, or phosphoretteA bilc-fut, and was probably a uijxrure of 
Fr^my’s cerebric acid with the substance which separates after some time fiv>m al- 
cohol in which anatomical preparations containing nerves or brain have been pre- 
served. Chevreul applied the same term to a substancft obtained fnjm blofsl-seruni, 
probably a mixture of fats and glycerides containing phosphoric acid. ^ Lastly, O obley 
(d. Phann. [3] xviiL 107) deaigmiU^s as ccrebrin, a substance obtaincal cliiefly from 
®Kg«t and agreeing essentially in composiffon and property with Fr^my's cere- 
bric aci^ excepting that it does not exhibit any teiidcncy to combine with bases. 

W. Haller ( Anti. Ch. Pbarm. cv. 361) has obtained a substance analogous to 



Fr6mfB emidn, by triMMiiig- brain to a ti^ 0p with water, heatine tli* • 
to the boiling point, and treating 'the separated eoagnlmn with boUing 
aleobotbextraet fIteMd|»t the boiling beat deposits a Mature ofcboksteriu 
bria, tfigetberwitb otbdt sabstanees; and on treating ibis mixture with aoM eth^ 
cerebm rfijnaine bebmdf and fflajr ba porified by repeated (pyetalUsation fix>m boiJinw 
okohor It then forma a snow-whit® jw^rder composed of microscopic spberales, agr,.f. 
ing with Fr^m 7 *s cerebric acid in most of its propertieSf especiaJJjr in sweJiing up io 
water like fetarch, and forming an emulsion. It contains 68*45 per cent, carbon, i i-20 
hydrogen, 4*51 nitrogen, and 15*66 oxygen, whence Miiller deduces the empirical for 
mula C'’H“NO*. It does not dissolve in alkalis or in dilute acids, but is fcomposp^l 
at the boiling heat bjy hydrochloric, sulphuric, and nitric acid. The product, of its 
decomposition by nitric acid is a non-azotise'd white waxy body, soluble m alcohol and 
ether. Treated with strong sulphurio acid in the cold, it dissolves with dark purpU- 
red colour, and the solution mixed with a large quantity of water becomes coloorlt .'■a 
and deposits a yellowish, tenacious, fiocculent substance. 

is most probable that the cerebrin of Gobley and Muller, the cerebrote of CouerW, 
and the cerebric acid of Fr^my and t. Bibra contain, as their essential constituent, 
one and the same substance, which is likewise present in cephalote and stearoconotc. 
(Handw. d. Ghem. 2** Aufi. iL [2] 888.) 

CBRBBBOXi (Berzelius). £7eenc-ceredrol (Co uer he). — ^An oily reddish sub- 
stance, insoluble in water, soluble in alcohol and ether, obtained by Couorbe 
(J. Cbim. m4d. ii. 765 ; x. 524) from brain. According to Fr^my, it is a mixture of 
olein, oleo-phosphoric acid, cholestcrin, and cerebric acid. 

CBimsO-BFlWA3b FBVZO. A serouS fluid contained in the sub-arachnoidnl 
cavities, and forming a liquid atmosphere round the brain and spinal miirrow. It 
belongs to the class of serous transudates, and is generally distinguished by its very 
small amount of solid constituents, especially of organic matter. These constituents 
are albumin, traces of fat, extractive matter, and the inorganic salts of blood-scrum. 
It contains also a substance which reduces cupric salts, but differs from glucose in iK t 
being resolved into alcohol and carbonic acid by fennentation. According to F. 
Hoppe (Chem. Centralbl. 1860, p. 42) this substance is soluble in water and in abso- 
lute alcohol, does not crystallise, either per se or with chloride of sodium, is not precipi- 
tated either by neutral or basic acetate of lead alone, but yields a precipitate with tlio 
latter in presence of ammonia. It is decomposed by putrefaction. 

Hoppe and Schwaberg analysed the cerebro-spinal fluid obtained by puncturing, in 
two cases of /^ina bijida and two of Hydrocephalus internus, with the following re- 
sults : — 


Spina blftda. Hydrocephalut. 

* - , ■■ - — jk... — 




Puncture. 

II. Punctur^ 

I. Puncture. 

11. Puncture. 

Water . 


989*33 

989*80 

979*01 

989*53 

Soiled matter 


10*67 

10*20 

20*99 

10*47 

Albumin « 


0*25 

0*56 

11*79 

0*70 

Extractive matter 


2*30 

2*00 

1*32 

1*57 

Soluble salts . 


7*67 

7*20 

7*64 

7*67 

Insoluble salts 


0*45 

0*45 

0*35 

0*53 


The fl.aids from the Spina bifida were strongly alkaline and perfectly transparent. 
The first reduced cupric oxide, the second did not. The second hydrocephalic liquid 
exhibited the reducing action. The greater amount of albumin in the first ]iydn>- 
eephalip liquid was due to previous inflammation of the transudent vessels. (Handw. 
d. Chem. ii. [2] 891.) ' 

CWnBOTB. (Couerbe, Ann. Ch. Phys. [2] Ivi. 164.) Brain-w^, Him- 
nvtcAs (L. Gmelin), Jdarkpulvcr^ Myelocone (Kiihn.) — A substance containing sul- 
phur and phosphorus, which Couerbe obtained by treating the deposit which sepiiraU*s 
mm the fucoholic and ethereal extracts of the brain with ether; cholesterin then dis- 
solves, and the so-called cerebrote remains. According to Frimy, it is merely a 
mixture of cerebric acid with small quantities of cerebrate of potaMium and brain- 


albumin. 

OSBIO ACm. An acid obtained by treating cerin, the waxy matter of cork, 
ifith nitric aci^ washing witli water, dissofvii^ in alcohol, filtering and evaporating. 
It is a brownish diiq>h8nona waxy mass, which softens at a gentle heat, and melts 
below Hie boiling point of water. Dissolves readily in alkalis. Yields empyreumatie 
products when heated. Contains 64*2 per cent, eai^n, 8*8 hydrogen, and 27*0 oxygen. 
With aceUte otlead it forms a white precipitate containing 51*1 O, 6*9 H, 19*2 Pb^O, 
and 22*8 0. (Dipping; Ann. Ch. Phamu xlv. 289.) 

OWMJMm A waxy substance extracted by alcohol or ether from grated cork, pre- 
siously freed from the outer crusU It separates from the solution in yellowish needles, 



CfiteTC^CEIOUM. 

— * Its cM^ed ealoiiilMli% noyitalliMtiMi. ^artalM fHiboa, 

u> bofling ira^inBd ^ to bottom. It ||p^ attorfrf 

g Tt fr-i» Throw* on gtow^c eoala, it TohdilUes lUu beaawtS, giTii>|( oiTl.^ 

V drr diatiUation it vieldi a litUe acid and a lam qnanUty «f an od wldwj 
on ooolins* it out little charcsoaL TrtrtftiJrwith hot nitric acid it jrmd* cone 

acid. tomathtBP. wl* oxidic and carbonic acidic Cork contaimi from 1'8 to 2-d per cent, 
of wai^mattarn (Cherrenl, Ann. Chiro. xevi 170; Bopping, he. eit) 

The name eerin was also applied by John to the portion of beeswax which is Mlublc 
in alcohol ; but according to Brodic, the substance thus designated is merely impure 
cerotic acid (o. e.). 

amuxnm or A&lbAWm. See OnTnm. 

^I I^Tur xir. A waxy fat obtained from the lignite of Ghirstewita near hfersebe^i 
of wliieh it Ibrms about 18 per cent. Contains 76*7 to 78*1 C?, 11*1 to 12*3 a 

rustic at common temperatures ; molts at 100° C. ; sparinglv soluble in alcohol ; toot 
srtponiflable ; yields a crystallino product by distillation. (Wackenroder, Ana* Ch* 

Pharm. Ixxii. 315.) 

CBUCTkk A hydrated silicate of cerium, containing also lanthanum and didy« 
mium. It is the chief source of cerium, and is the mineral from which that metM 
was fi»t obtained. It is found only in an abandoned copper mine at Riddarhytta in 
Wi^tmanland, Sweden, occurring in compact fine-grained masses of indistinct blackish 
rod colour; also in short six-suled pnsnis. Specific gravity 4*93. Habeas 5'6. 
Uefore the blowpipe it gives off water, but docs not molt. It is completely decompos^^ 
by hydrochloric acid, leaving a residue of silica. Aeconling to Kjorulf (Ann. Ch. 
rhorm. Ixxxvii. 12) it docs not give off a trace of clilorine when treated with hydro- 
chloric acid, and consequently tlie cerium exists in it wholly as ceroos oxide. Kjcrulz 
found it to contain : 

Ce"0 Fe"0 Ca-Q H“0 MoS* BIS 

812 


SiO* 

20*40 


66 07 


4-77 1 17 6-29 3-27 0 18 « 99*27 


whence mey be deduced the fortnulii IZM-O SiO* + aq. or (M'')‘SiO» + «q. It generally 
also contains a small quantity of yttria. ^ 

Svmhol Ce. Ahmio Weight 92.— This metnl, which was discovered 
in 1803, simultanTOUsly by Klaproth and by Hisinger and Berztlius, 
with lanthanum and didymiuni, in cento, alUnito, orthite, yttpo-cent^ and a few othy 
minerals, all of somewhat rare occurrence. The roost abundant of them is cente (««. 

To extract the oxides of the three metals, the cento m finely poundcKl Md 
boiled for some hours with strong hydrochloric acid, or aqiia-rc^a, which dissolves the 
metallic oxides, leaving nothing but silica. The filtered *»olution is then 
a slight excess of ammonia, which precipitates evt‘ry thing but the lime, the precipi- 
tates redif»olved in hydrochloric acid, and the solution treated with excess of oxalic 
acid. A white or fkintly rose-coloured precipitate is then obtained, consisting or ho 
oxalates of cerium, lanthanum, and didymium : it is cunly at fimt, but in a 
In'comes crystalline, and easily settles down. When dned and 
brown powder, containing the three metals in the state of oxide. The fine y |w 
ecritemay also be mixed with strong sulphuric acid to the consistence of * «iickp«i^, 
the mixture genUy heated till it is converted into a dry white ^lowdep, 
heated somewhat below redness in an earthen crucible. Iho thr^ metals a 
brought to the state of basic sulphates, whicli dissolve completely when very 
wlded to cold water; and the solution treated with oxiiLc acid yields a precipitate d 
the mixed oxalates, which may be ignited as before. , , ^ 

From the red-brown mixture of the oxides of cerium, lanthanum, atod didym^ 
thus obtained, a pure oxide of cerium may be prepared liy either of the wl^wing ^ 
cMwes;— 1. Themixo<l oxides are heated with strong hydrochloric ^id, which dis- 
solves the whole, with evolution of chlorine; the solution is prccipiteted with cx^o: 
caustic potash; and chlorine gas passed through the liquid with the precioitate im - 
pended in it. The cerium is thcre^ brought to the state of coroscw^c oxide, , 

left nndissolved in the form of a bright yellow prccimtat^whtle the 
didymium reiAain in the state of protoxides, anddii^lye. To ensure complete sepai^ 
tioD, the passage of the chlorine must be continued till the liouid m „ 

with it, i^l^e solution, together with the precimtate J 

stoppered bottle, and agitated now and thert. The liquid “ with evo- 

precipitate treated with strong boiling hydroclilonc acid, this 

lation of chlorine, and forms a colourless solution of 

when Ueated witli oxalic jgrid or oxalate of ammonia, yields a perfectly white prempttaU 





',olUj|a]ate into oxide bj ignition (Mosander).-^ 

frao red*bto^ mixt^^ twtbree ondea is treated' with Teiy dilute nitric 
f n pt. of ni^ md of OtrdmaCT itren^ ^between 00 and 100 pts. of water), which 
i^jmelTes toe greater ps^ of the oxidw Qfnntha^am and didymium, and leaver the 
Ipddr of coring, i^p bj the residue with very strong nitric aci^ the last 

^%aceB 0f and extract^ (Mosander, Jdarignac).-^ 

The reibbrtw^iikilztqi^ ia^hoiled for several hcl^ in a strong 

f ablntiop of chloride of ammonium. The oxides of lanthanum and didyininm then dis. 
-Mfe* ovollttion of ammonia, and sesquioxide of cerium is left in a state of puritv. 

'W^ttected on a filter and wash^ with a solution of sal-ammoniac, because, 
with pure water, it first runs through the filter, and then stops it up 
^u. J. ii. 147)/—^ 4. Oxalate of cerium obtained as above is mixed 
with half its ^irigbt of jjmpe magnesia, and made up into a stiff paste with water ; and 
xolxture iriiien dry heated to low redness in a porcelain basin, with consfant 
smi^g. The product is a cinnamon-coloured powder, containing the whole of tho 
eeriiim as ceric (? ceroso-ceric) oxide, in combination with magnesia, oxide of lantha- 
num, and other protoxides. It dissolves cx)mpletely, with aid of heat, in strong nitric 
acid, forming a deep browhxolution of a double salt, which appears to consist of ceric 
nitrate in combination .with cerous nitrate and the nitrates of lanthanum, didymium, 
and magnesium, sometimes also a small quantity of nitrate of yttrium. This double 
salt separates in splendid rhombohedral crystals having nearly the colour of acid 
chromate uf potassmm. Tlie^ solution, if diluted with water before these ciystals 
have separated, does not yield any precipitate, either in the cold or in boiling ; but if 
the cryst-idlisation be allowed to go ion till lighter-coloured laminated crystals sepurato 
containing magnesium and lanthanum with very little cerium, the mother-liquor then 
de^sits, on dilution and boiling, a basic salt of cerium free from all other metals. 
The precipitate is not formed so long as the red double salt remains dissolved in tho 
liquid; indeed it redissolveS on adding to the liquid a solution of that salt. The liquid 
from which tho cerium precipitate has separated still retains cerium, which may be 


separated by repetition of the treatment. 

To separate the cerium from the solution of the rod salt, it is diluted with a largo 
wantity of water, then boiled, and sulphuric acid added in small quantity as long as 
the resulting preclpiMo is thereby increased. The cerium is then precipitated as u 
yeUowish- white, fl.o6culeht basic salt, containing both nitric and sulphuric acids, but 
frbe from all other metals, which is difficult t^w’ash on a filt^. but is easily washed by 
decantation with water slightly acidulated with sulphuric acid. This salt dissolviig 
^jeadily in strong sulphuric acid, and the solution, after reduction with sulphurous 
" xcid, yields, with oxalic acid, a white precipitate of pure cerous oxalate. 

If it be desired to obtain a basic nitratq qf cerium free from sulphuric acid, njp is oftca 
desirable for other preparations, tho red solution of the double nitrate must be evapo- 
rated to a syrup, and then poured into a large excess of boiling water slightly acidu- 
lated with nitric acid. The precipitate thereby formed is washed by de^ntation with 
water containing a little nitric acid, and tho mothep*liquor, together with the wash- 
Water, is again evaporated to a syrup and treated as before, till nearly all the cerium 
li extracted. The addition of nitric arid to the wash- water is essential, as ihe basic 
nitrate dissolves somewhat readily in pure water. It is best to preserve the precipi- 
tated salt under Adulated water, since it becomes insoluble in acids when dried and 


ignited. (Bunsen, Ann. Ch. Pbarm. cv. 40.) 


Metallia. ctrium is obtained by heating the pure aqhydrons protochloride with 
potassium or sodium. -It is a grey powder, which acquires the metaiyic lustre by pros- 
suas. It oxidises readily, decomposes water slowly at ordinaiy temperatures, quickly 
-at*the boUii^ heat,^ ana dissolves rapidfy in dilute acids, with evolution of hydrogen, 
jbrmii^ %3»oiiition of a;eerous salt. • 

Cerium -forms three classes of compounds, viz. the cerous compounds, e.g. the 
dichl«fidst C<pi*, the prdtoxide^ Oe"0 ; the ceric comwunds, e,g. Ce*Cl“ and Ce’O*, 
and ihe c&rosO’C^pic compounds, which may be il^rded as compounds of the other 
twu^ e^. cerow^ceric oxide, Ce*0* ■■ CeO.Ce*0*. 

BSOBtfftsa or. Not known in the anhydrous state. A solution r^f 
-ifterie bxldeiu h^urohrwic Ufeid yields by evapwation small crystals of a hydrated 
bromide, whilSi^^ gives offh^robromic acid when heated and leaves an ogybromide. 

Oeriu^ bii|vs vividly when heated in chlorine 
gas, an<Mi|KnDS|^ protochloride Ge^Cl*. The ai^iydrouB chloride may be prepared by 
the or the residue ahtahied by evaporating to dryness a solution of 

the chl5p?% * current ^ chlorine (m. tf the air is not 

completriy^eluded, an oxychloride n^dee produced, anhydrous bhloride is a 

wiutiijmroiie miuw, ftwible at a rtfthent^ and perfectly soluble in water. A hgdraUd 





h^roulUoiiA;!.^ 


cJ|/9rf^ » obtained in colonrleaB foiusaidad priittdt^by di68olM|% 

or tbe carbonate in hydrochloric acid, and <»i'aporatliiig to « ^yrup. ^ 'ni6j6lutioO%hi|P'^ 
expoaed to the air, turna yellow, from formation of a ceroao'^Oarie aSdIi; 3 “ 

PK>tochloride of cerium forma with tefrmmdrith of >>fa<taafa. att4>imigc-foloure d*^T l ^ ^ 
talline double aalt, 2Ce”Cl’.Pt01\8HH), easily a^nble and afajihok iuaohibla flp 

ether. It alao ^mbinee with iodide <2/ (HolsiqtiJ^ Pbib#ii^[^^|uib 

Cefvto^eeri^thforide . — Hydrated beroso-eeric oxi3o diai^iW^^ iit«ofa hydroulUuria;!.^ ^ 
acid, fonmas A red solution, which, however, soon gives off cUlorht%|Uid U ******^riW ^ 
more or leas completely, to ppotochloiifle. ^ 

cmuxiniK, itBTBOTSoir awb xsTiMtAnoitr ow. 1. 

All eomnounda of cerium, ignited w ith fnirax or mhrcH'osmfc sa/i in the 
flame, yield a glaaa which is deep red w'hilc hot, but become^ colou rices 6tl cooling, la 
th»>^inner flame, a colourless Viead is fonned witfi a small quJItiiy of .the cerrain oonir 
|iouDd; but a yellow enamel with a larger quantity. " 

Cerous sdfts in solution arc colourless, have a sweet astringent taste, and redden 


litmus, even when the acid is perfectly saturated. They arc distingiiiBhed by the fol-‘ 
low'ing reactions ; Sulphf/dru' acid pi*odue«‘s no precipitate. $id}mide of ammonium 
throws down the hydrated protoxide. Cav»tic potash or tfor/a produces a white nrt*ci» 
pitate of the Jiydratod protoxide, which is iiisoluhlo in ezecas, an<l is convcrttMi into 
thO'^yellow h^£*aU‘d 8e.S4uioxide by the action of chloriue^wateT or hypocbU>i'<uiH ax'id. 
Ammonia precipitatee a biisic salt. A/hnthie eftrfMma$r» form a white (a^cipitale of 
eerous carlionate msoluhle in excess, (hudiv acid or oxalats of tttnuumia produces a 


white precipitate of cerous oxalate, gelatinous at fl^t, but quicJvIy assiiiniiig the cr^'s- 
talline character, and converted liy ignition in an open vessel into a yellowdsli-wKjlte 
jMiwder consisting of ceroso-ooric oxide. h\rTocyanid.c of pitta s»i uni protluccs a white 
pulverulent precipitate; ferricyanido of }K>taMsiiuii none, tf^hdmte df potassium pro- 
duces a white crystalline precipitate of potassio-cerous sulphate, nearly insoluble in 
pure water, and quite insoluble in excess of sulphate of potassium. With dilute solutions 
the precipitate takes some time to form. This eliaracter, together with the lieliavioiir 
of the oxalate and the yellow coloration of the hydrated protoxide by hypochloruus 
acid, series to distinguish cerium from all other metals. ' ' . 


2. Quantitaii ve Es t im a t ion, — Cerium is pre^'ipitated from poutral solutions oi 
cerous salts by carbonate oCan'inonium, os oerous carbonate, or by oxalate of atnnionium 
as cerous oxalate ; and ^ilher of these compounds is converted by ignition in an oj ten 
vessel, into ceroso-cerie oxide, which, according to Bunsen, corrosporuls, within the 
limits of experimental error, to tlie formula CeW, and contains 8M8 per cent, of ; 
metallic oermm, or 95*04 percent, of the protoxide. Another method is to dissolve 
the precipitated caibonato in dilute sulphurie acid, evaporate, and heat the residue to 
Commen<^g redness, whereby it is converted into the anhydrous sulplmto, Uo*4SO\ 
containing 48*95 per cent, pf the metal, or 57*45 per cent, of the protoxide. 


3. Separation from other Elements . — Sulphydnc acid serves to separate cerium 
from all metals which arc precipitatiMl by that reagent from their acid f«o]utioiis. Jroiu 
ntange^sestf iron, cobalt, nickel, zinc, titanium, chromium, vanadium, and tunpsUn, 
ceriuio xnii^ ba'peparated by means of a saturated solution of sulphate of potassium, 
From oluminiumAt may be separated by carbonate of barium, wdilch^ precipitati^s 
alumina and not ceroos oxide; from ylucinnm by sulphate of potassium, hnuu 
yttrium, with which it is often asuociatt^d in minerals, it may lx* separated by a satu- 
rated solution of sulphate of potassium, added in excess, the Huljdiutc of ^yttrium and 
potassium being Stmiblo in excess of sulphate of potassium, while the Cerous doubto 
salt remains undissolva^ From giro*mivin, cerium is separated by treating the Ik»iU „ 
ing amd solution with sulphate of potassium, thereby the gn aUx part of.^hoxireouia 
is precipitated as basic sulphate, while the cerium romaiiis tlissolyftd,; to coiuplett* the 
precipitation, a small quantity of ammonia must b<j added, but hot suflicicDt, to satu- 
rate the acid(H. Boso). From maynesium also cenum may be separated byliuIpTiatj 
of potassiugi ; from barium, strontium, and calaium, it is separated by ammonia a dd^ , 
in slight excess; or from barium by sulphuric acid, and from stronliuA and ciaKfiiiin 
by smphuric acid and alcohol ; and from the by jprocipitation witboxnla^ 

of ammonia. Baai«n*s meth^ of precipitation alwody ddhci\had, affords ^wever tlw 
the best meanSii^ separating cerium from all thq metals with which A JS found as- 
sociated, espeeiallj from lanthanum, didyiniunt, and yttrium. 




^ CEBUImC : tLUOBIDES^OXIDES. 


diloride CeCP, deuced the nnmher 96*6, and from that of the sulphate the 
92*4. 

HermaAO, from ao analyeu of ceroue sulphate, in which the sulphuric acid was 
precipitated as sulphate of barium, found fia cerium the number 92. 

Marignac ^Ann. Ch. Pliarm. IxTiii. 216), by precipitating cerous sulphate with a 
graduated solution of chloride of barium, obtained, as a mean of seyen experiments, 
Ce « 94*52. Afterwards, however (Ann. Ch. Phys. [3] xxxviii. 148), he ejected this 
number, and adopted that previously found by Hermann, viz. 92, attributing the excess 
of his former determination to the circumstance, that a portion of the cerous sulphate 
had been carried down undecompbsed by the barium precipitate, whence the quantity 
of chloride of barium i^uired to precipitate the sulphate came out too low. 

Lsitly, Bunsen has determined the atomic weight of cerium by the analysis of the 
SulpSlite. Pure basic ceric sulphate, obtained as above described (p. 832), was dissolvwl 
in sulphuric acid, reduced to cerous sulphate by sulphurous acid, the salt evaporated and 
ignited till all the excess of acid was expelled, and the residue twice ciystalHsed fnun 
water. A solution of this salt was precipitjited by oxalic acid ; the precipitated oxalate 
converted into ceroso-coric oxide by ignition in an open vessel ; and the sulphuric acid 
precipitated from the filtrate by chloride of barium. The ceroso-ccric oxide was then 
heated in a sealed flask containing very little air. with pure hydrochloric acid and 
iodide of potassium, whereby it was reduced to cerous oxide, and a quantity of iodiiui 
set free equivalent to the oxygen separated fl*om the ceroso-ceric oxide. This frt e 
iodine was estimated by Bunsen’s volumetric method (Analysis, Volumetric, p. 26 G), 

and the corresponding amount of oxygen estimated by the formula x = a 

In this manner, 100 pts. of the ceroso-ceric oxide were found to contain 95 04 cerous 
oxide and 4 ‘96 oxygen. Prom this, the quantity of cerous oxide in the ignited ceroso- 
ceric oxide (that is to say, in the original quantity of cerous sulphate), was calculati *^1, 
and the amount of sulphuric acid (SO*) being likewise found from the precipitated .‘sul- 
phate of barium, the composition of the cerous sulphate was found to bo 67*49 + 

42*51 SO* = 100, whence the atomic weiglit of cortuis oxide was found from the pro- 
portion 42*51 : 57*49 ss 80 : d?. giving Ce"() = 108T, and therefore Co 92*1. Two 
dther experiments gave Co « 92*04 and 92*1. 

In accordance with the preceding results, the whole number 92 is generally adopted 
M the true atomic weight of cerium. 


CaKXmS, VXiXrORZlIBS Ol*. Cerous fluoride, Ce'^F*, is obtained as a white 
precipitate, by adding an alkaline fluoride to a cerous salt. It is but partially reduced 
by the action of hydrogen gas and potassium vapour at a red heat. (Mo sender.) 

Ceric fluoride, Ce*f^, prepared m like manner, is a yellow precipitate. It also 
occurs native ns fluocerite, in brick-red or nearly yellow six-sided prisms and platot*, 
with very distinct basal cleavage ; also massive ; specific gravity 4*7. Hardness 4*6. 
It gives off fluorine when strongly heated in a glass tube. It occurs at Finbo and 
Br^dbo, near Fahlun, in Sweden. Ceric fluonde also occurs with the fluorides of 
calcium and yttrium, as yttrocerite (^ v.). 

A hydrated ceric oxyfluoride, Ce*F*0* + 8H*0, occurs at Finbo as fluoceriue, \n 
yellow crystals with vitreous lustre, supposed to belong to the regular system (Gni. iii. 
271). A mineral from Bastnas in Sweden, analysed by Hisinger, yielded numbers 
corresponding to the formula Ce*F*0* + 4H*0 ; one from Finbo, analysed by Berze lius, 
was found to consist of Co*F*0* + SH^O, or Ce*F*.3(Ce"0*.H®0). (Dana, ii. 99.) 

OBBXIFMt OX2SB8 OB. The Protoxide , or Cerous oxide, Oe"0, is obbiined 
by heating the carbonate or oxalate in a current of dry hydrogen perfectly free from air. 
It *1b a greyish-blue powder, which on exposure to the air quicklv becomes very hot, 
and is converted into yellowish-white eeroso-ceric oxide. Cerous hydrate precipitatod 
from the solution of a cerous salt by a eaustic alkali, is white, but when exposed to 
the air, quickly changes to a yellow mixture of cerous carbonate and ceroso-ceric hy- 
drate (Rammelsberg, Pogg. Ann. cviii, 40). The hydrate dissolves readily in 
Bttlphuric, nitric, hydrochloric, and acetic acid, the solutions giving the characters 
descril^ at p. 833. 

■ C*srosp-csr«c Oxide, Ce*0*, — This oxide, which may be regarded as a coinp»unc 
of cerous and ceric oxide ; re*0* == CeO.C VO*, is produced when cerous hydrate, car 
bouate, oxalate, or nitrate, is ignited in an <^n vessel. It is yellowish-white, acquires 
a de^ 4 trange-ied colour when nested, but rmYera its original tint on cooling (Bunsen, 
Rammalabcrg). Ignited in hydrogen gas, it assumes an olive-green colour, hut 
does not dimini^ perceptibly in weight (linn son). It is not raised to a higher state 
of oxidation by heating in oi^gen oa^ or erren by fbsion with chlorate or hydrate of 
potassium (Ramm elBberg)b Nitno ahd hydrochloric acid have but little. action upon 
wren at the boiling heat, unless it be mixed with the oxides of lanthaimm and dMy' 



CERIUM : OXTGEN SALTS — SULPHlDEd. BSS; 


m 111114 which cmsq it dissolves rondtl^* in hot hydrorhloric acidf with ovoluti^o of 
chlorine. JEIestod with^ a mixturo of iotlidc of potnssiura and hydrodiloric acich it 
dissolves oomplcloly, with soj^anitioii of iodine, —a property which has been inado 
available by Sunsen for detemiining ita coinposition. St.rong sulphuric acid at the lK>il- 
ing heat, converts it into an or^go-red salt, which becomes light yellow on cooling, 
and dissolves with yellow colour in water. 

Mariguac did not obtiiiii tV* rose -ceric oxide of ctnistant composition, but supposed it 
to have, for the most part, the compfisitioii 3CeO.20e*O*, or Ce’O*, Kammclsberg, by 
decomposing the ceroso-ccric sulphate, 3CV80*.CV(S()*)* with {Kitash, oblaiiicd a 
reddish-grey precipitate which contained 3Ce0.Cc*0*, but was quickly converted into 
Ce*0*p on exposure to the air. 

Ceroso-ctrie IfydraU^ Cc*0<. 311*0, obtained by passing chlorine into aqueous potash 
in which cerous hydnito is suspeiidod (^p. 831), is a bright yellow pn^ipitato, whieh dis- 
solves readily in sulphuric and nitric acid, fcirming yellow solutions of ceroso-coric 
salts ; in hydrochlonc acid, with evolution of chlorine, forming colourless cerous 
chloride. 

Ceric Oxide^ Ce*0*, does not appear to exist in the fro© state, inasmuch as eeroso- 
ceric oxide is not brought to a higher sUto of oxidation, even by ignition with power- 
ful oxidising agents (ta'd. sup,). 


CWMTUM^ OJtYamsr-8A&TS or. The cern us salts are proilucoil by dissolv- 
ing cerous oxide or carbonate in acids, also by the action of sulphurous acid mid other 
reducing agents on ceric or ceroso-coric salts. (Kor thnir ]>ropurtieR and rtnu'lioiis 
w*e p. 833.) Cerous silicate oxista in nature as Crriir; ih© ph'iKp|itit<^ as MofnhCiie, 
ErdufardsUCf Orypiolite, and Phosphoceriie ; the carliotiate, together witli fluoride of 
calcium, in Parisite. 

Cerous sulpliato forms sparingly sohihlo douhio salts with the sulphates of ammo- 
nium, potassium, and sodium. Tlio pMtassiiim-adt, K*t’'o'\S()*)*, is tlie least soluble 
in water, and quite insoluble in solution <»f sulpliato of potaHMiiim. 

The ceroso-ceric saltH are ohiainod by dissolving the corroHjKmding oxi<lo or hy- 
drate in acids. The solution of the sulphate yields by Hponianeous evaporation first 
brown-r«‘d crystals, composed of 3(a?S()^Co*.(S(>*)* + Ithup, aiul aftorwurds a yellow, 
indistinctly crystalline salt, containing f>S0*.(V(80*)* ^ 8aq. By substituting 
oericum, ce 61 J for ccrosuttit C « 92, in ceric sulpliato, these fonnulm may be re- 
duced to I2aq. and | O" + 8tvq., respectively. Both salts are do* 

composed by water, with sopiration of a basic salt, containing 2(v0*O*.38O*+ 611*0, 
but dissolve on addition of sulphuric or nitric ivcid. The solution of either 
salt yields, with sulpliato of potassium, a mixture of at least two double salts, in which 
potassium and cerosum may bo regarded as replacing one another isormirphously : 
similarly with sulphate of ammonium : the ammonium double salts, when ignitUl, leave 
pure ceroso-ceric oxide. 

The rhomlioluMlral nitrate of cerium and magnesium obtntned b^ Bunsen (p. 832) 
is, when purified, a ceroso-cerico-magiiosic salt, containing Mg*Co"(NO*)*.(fV)’'*tNO*)* 

•f 16aq., or , « lO’*-('16nq. [As originally obtained, it contains lanthanum 

Mg*Co"t:tf* ) 

and didymium, replacing cerium isomorphously.] Double salta of similar coin^vjsition 
are obtained by mixing a solution of this nitrate with the uitratos of potassium and 

(NO*)'* 1 

sine; with nitrate of nickel, a basic salt containing _ „ [ < 

hi i*(V'cc*) 


0'*.Ni"n*0* + 2iaq. 


(llolzmann, J. pr. Chem. Ixxv. 321.) 

The existence of pure ceric salts is by no moans certain. Bunsen spe^iks of a basie 
ceric sulphate, precipitated by boiling the solution of the magnesian ceroso-ceric suit 
just mentioned with sulphuric acid; but he has not given an aimlvNis of it: indeed, 
no analpais a pure eerie salt has yrt hei:n puhlishrd. The so-culb'd basic eerie sul- 
phate just mentioned, yichls, bv digestion with caustic potash, not ceric, but ceroso- 
ceric hydrate (Holzmann). [For further details resi^eetlng the oxygon-sslts of 
cerium, see the several acids.] 

CnuclTMV OV. Said to he obtainexl, t^ether with pliosphnte, 

by passing phosphoretted hyclrogen over white-hot ceroso-ceric oxide. (Mosander.) 

enunraCt BSXAVZAS OV. Produced by dBcoinf^osing cerous selenite with 
hydrogen at a red beat. It is a brownish powder, which dissolves in acids, with evo- 
intion of selenfagrdric acid. Cerons salts give with alkaline sclenidcs a pale red preci- 
pitate, probably consisting of hydrated smnide of cerium. 

OV. Cerous sulphide^ Cd'B, in obtained hy igniting the 
carbonate in vapour of sulphide of carbon, or by beating an oxide of cerium with sol- 
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pHde of potaaiiium. The first process fields a light powder of the eolovr of red lead * 
the second* a product resembling mosaic gold (Mosander). Cerio stdpMde -is not 
known in the free state* but is said to combine with other metallic sulphides. 

CnWROliBiar. A substance obtained from beeswax (in which it is said to exist 
to the amount of 4 or 6 per cent.) by treating the wax with boiling alcohol* leaving the 
cerotic acid to d posit on cooling* and evaporating the filtered solution. It is very 
soft* melts a 28*6^ C.* dissolves readily in cold alcohol and ether; is acid to litmus; 
gives by analysis 78*74 per cent. C, 12*61 H, and 8*76 O (Lewy, Ann. Ch. Phys. [3] 
xiii. 438). It is probably a mixture. 

CmoXiXTll or aLB&OUTB (from Htipos wax, and stone). — This name is 

applied to two or three minerals or mixtures* consisting chiefly of hydrated silicate of 
xna^esinm more or less mixed with silicate of aluminium. They are all ma68LVi>, 
remfoiln* compact or lamellar* transparent or translucent* white or grey, with vitreous 
or resinous lustre* and greasy to the touch. 

AwdyseB, — a. From Frankenstein in Silesia by Kiihn; 6. firom an unknown locality 
by Delesse ; c. from Zdblitz in Saxony by Melling : 


SiO* 

Al 0* 


Fo^'O 

H*0 


46-96 


31 26 

— 

21*22 - 

99*44 

63*6 

0*9 

28*6 

— 

16*4 « 

99*4 

4713 

2*67 

36*13 

2*92 

11*60 

100*25 


The first agrees nearly with the formula Mg®SiO* + 3aq. {Ranimehhcr^ a Mineral 
ishentie^ p. 862.) 

CMiOPIC ACn. An acid obtained by K a w al i c r (Ann. Ch. Pharm. bcxxviii. 360) 
from the needles of the Scotch fir {Piniis aylvestris). The needles are boiled with alcohol 
of 40 per cent.* the alcohol is di8tille<l off, and the residue is mixed with water* where! y 
it is separated into a yellowish resin and a somewhat turbid liquid. The re.sinoua 
mass is redissolved in alcohol of 40 per cent., the solution precipitated with acetate of 
lead, and the precipitate suspended in alcohol is decomposed by sulphuretted hydrogen. 
The solution filtered hot deposits ceropic acid in yellowish-white flocks, wliioh, ly 
boiling with alcohol and animal charcoal and repeated crystallisation from alcoliol, 
may be obtained in wliito, friable, microscopic crystals, melting at 100^ C., and solidify- 
ing in a waxy mass. The crystals dried in vacuo gave by analysis 74*24 per cent, 
carbon and 12*17 hydrogen, whence Kawalier deduces the improbable formula 
The barium-salt gave 65*50 carbon, 10*33 hydrogen, 12*65 oxygen, and 
11*52 baryta, represented by the formula 

CS«I08X0 JLCX]>« — Obtained by heating cerosin (sugar-cane wax) 

with potash-lime, and purified by saponifying with baryta, dissolving the soup in 
alcoh<^ decomposing it with hydrochloric acid, and dissohdng the precipitate in rock- 
oil, whence it crysbillises on cooling. It melts at 93°C. ; dissolves sparingly in boiling 
alcohol and other. (Lewy, Ann. Ch. Phys. [3] xiiL 438.) 

CBROSXIX. Cerosie , — Tlie wax of the sugar-cane* obtained by rasping the bark 
of the cane, especially of the violet variety, and purified by recrystallising several 
times from boiling alcohol. It then forma aelicate white nacreous laminae, which do 
not stain paper. Gives by analysis 81*0 to 81*7 C and 13*6 to 14*2 H, agreeing nearly 
with the fonnula which represents it as a kind of aldehyde or ether. It 

melts at 82^ C., is insoluble in cold other and alcohol, very soluble in boiling alcohol. 
It is very hard and easily pulverised. (Avequin, Ann. Ch. Phys. Ixxv. 218; Dumas, 
ibid, Ixxv. 222; Lewy, Ivc, cit.) 

CXOtOTXm’B. — A hydrocarbon homologous with ethylene, first obtained 

by Brodie (Phil Msg. [3] xxxiii. 378 ; Ann. Ch. Pharm. Ixvii. 199) as a product of 
the dry distillation of Chinese wax. The distillate consists of two parts, cerotic acid 
passing over first, and afterwards cerotene mixed with a certain quantity of oily matter, 
which may be removed by pressure. It is purified by crystallisation, fCrst from a mix- 
ture of alcohol and naphtha, then from ether. It is ctystalline, melts between 57^ 
and 68° C., and exhibits the characters of the substances which have been confounded 
under the name of Paraffin {q, v.) When distilled several times, it is completely trans- 
formed into a mixture of liquid hydrocarbons, whose boiling points vary from 76° to 
260 ° O. 

Chlorinated derivattvee of Cerotene . — When moist chlorine is passed over melted 
eerotene, the latter assumes a waxy aspect, then becomes gummy, and is ultimately 
eonvertiBd into a transparent resin, becoming harder as it absorbs more chlorine. The 
reactifm takes several weeks to complete, and at different staged of it the following 
compounds are formed : — C»H«C1« ; ; Cl«H«Cl=*. (Brodie.) 

CnOTXO JLCXIK - C»H»(XH.O. Cfertn of Beesteax (John, Che- 

mUeka SekriftoHt ir. 88; Boudet and Bmaaenoti J. Pharm. xiii. 88: Ettliog; Ami. 
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Ch. Pliarm.ii. 867 ; Heaii, thid, xxvii. 8 ; Oerbardt^ Rev. seient xix. 5; Ann, 

Ch. Phya. [3] xiii 438; Brodie, Ann. Ch. Pharm. Ixvii. 180.)— This acid ia thaeasan* 
tial ronatituant of that ^rtion of baaawaz which ia soluble in boiling alooh<d. It 
ia prapaxad by treating beeswax several timea in aucceaaion with boiling alcohol, 
till the deposit which forma on cooling melts at 70® or 72° 0. The acid thus obtained 
is not yet pure. It is, therefore, to 1^ dissolved in a laige quantity of V>oiUng alcohol 
and the solution precipitated by acetate of lead. The precipitates after Wing ex- 
haust^ with the aid of heat by alcohol and ether, is decomposed by concentrated 
acetic acid, and the product crystallised from alcohol yields pure cerotic acid. Cerotic 
acid may also be obtained veiy nearly pure by crystallising seveitd times from ether, 
the crude product which melts at 72® C. The mother-liquors retain a small quantity 
of another fatty acid. — Cerotic acid is likewise produced by the dry distillatiou of 
Chinese wax, and by melting that substance with potash. 

Pure cerotic acid crystuUisos on cooling from its solutions in small grains, mdting 
at 78® C. The melted mass assumes on cooling a highly crystalline character. 

The pure acid distils without alteration, but the impure acid is decomposed by dis* 
tillatioD, yielding principally oily hydrocarbons of very variable boiling point, and 
containing in solution small quantities of a fatty acid and other oxygenised products. 
Chlorine transforms cerotic acid into cMorocerotic acid^ 

Cerotates, — Cerotic acid is monobasic, the formula of its neutral salts being 
C*’H**M.O*. The had-saU^ C®’H“i*bO*, ia obtained as a white bulky precipitate on 
mixing a solution of cerotic acid in boiling alcohol with alcoholic acetate of lead. The 
siYfvr-sa//, C'^^IP^AgO^, is obtained by precipitating an alcoholic and ammoniacal solu- 
tion of cerotic acid with nitrate of silver at the Wiling heat 

CXLOROCEHOTTO AciD. C‘*^1I**C1''0^ — Produccd by exposing melted corotic acid to 
the action of chlorine for several days, 'as long in<leod ns fumes of liyilrochloric acid 
are perceptible. The product is a thick transparimt gum of a pale yellow colour. 
ChUfroarvtate of sodium is ncarlv insoluble in w'ater, 

Chlorocerotate of eth/K C^H^Cl'W-C^H^'Cl^O .G*!!* is prepared similarly to the 
ccrotate. It has the aspect of chloroccrotic acid. 


CaAOTZe STaBaS. Cv rotate of ethyl ^ C**H**0* « C”II“0*C*H*, is 
easily produced by passing hydrochloric acid gas into solution of cerotic acid in abso- 
lute alcohol. It has the aspi^et of beeswax, and molts at 69® — 60® C. 

Ccrotate of CeryU Chinese IKwr. 1 0. — This is a pecu- 

liar waxy substance obtained from China, where it is produced on certnin trees by 
the puncture of a species of coccus. It is crystalline, and of a dazzling whiteness, like 
spermaceti, but more brittle and of a more tibrous U'xlurc. It melts at 32® C. It_ is 
purided by crystallisation from a mixture of alcohol and naphtha, then waslo^ with 
ether, treated with Wiling water, and rccrystallised from ulmolutc alc*ohol, wliich (iis- 
Bolves it in small quantity only. Chinese wax is not snponifhMl coinjdett ly by Wiling 
with aqueous potash, but decomposes readily 'when fused with jwtash, yielding eoro- 
tatc of potassiifin and hydrate of ccryl. By <lry distillation it yields corotic aeid and 
cerotene. Almost all the wax gathered in China is used there for making candles. It 
is also employed by the Chinese us a medicine. 

CXBOTZW. Syn. of Cebylio Alcohoi. or irmRATii of Ckrtl (p. 838). 

OSBOTZWOSfB* The acetone of cerotic acid, obtained by careful distillation of 
cerotate of lead. (Bruckner, J. pr. Chem, Ivii. 1.) 

OBBOJL'nZBr or Palm wax is the produce of the CtroxyUm Andicola^ and is ob- 
tained by rasping the epidermis of the tree and boiling the raspings in water. The 
wax floats on the surface in a soft staU*, while the impurities sink to the^lwttom. It 
may W fhrther purified by repeat c<i Wiling with alcohol. In its natural slate it is a 
greyish-white powder; after purification, yellowish-white. It is nearly insoluble in 
alcohol, and melts at 72® C. It has been analysed by B on s s i n g a ul t f Ann. Ch. I'l’y*'- 
xxiv, 333), Lewy (Ann. Ch. Phys. [3] xiii. 468), and Teschemacher (Ann. Ch, 
PWm. lx. 270) with the following results : — 


Carbon . 
Hydrogen 
Oxygen . 


BuiihifngauU. 

Lewjr. 

Te«:hem»ci»«r. 

. 80-48 

80*73 

8028 

. 13-29 

13*30 

13*20 

, 6-23 

6-97 

6-42 

100*00 

100*00 

100*00 


CSBVMOnf OB T T** * A yellow secretion which lines the external aodl- 

tmy rendered viscid and concrete by exposure to air. It has a bitter taste, 
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jnc-Ifs at a low heat, and evolvee a aligbtty aiomatie odour. On ignited ooifa j, 
giree out a white moke, aimilarto that of burowg fat, sa-oJlfi emits a fetid amoo! 
niacaJ odour, and u eonrertod into a light cfiaiwai Alwhol disaolrea § of if; and on 
erapomtion leares a aubetance leaembling the resin of bile. The | whieh remain an 
ulbumin mixed with oil, which by incineration leave carbonate of aodinm and phoH- 
phate of calcium. U. 

caxirfla or* White lead. See Oabbonates (p. 786). 

CaWJBSTa. Native carbonate of lead (p. 786). 

CBliVjAJrTXTS. Native tetroxide of antimony, SbO* or Sb*0*,Sb*0*, found at 
Cervantes in Spain and at Pereta in Tuscany (p. 324). 

€SBn, BYX>RATB OF. Cerylic Alcohol, Cerotin. 

Produced by fusing Chinese wax (cerotate of ceryl) with potash, digesting the fused 
mass in boiling water, whereby a solution of cerotate of (totussiiim is obtained holding 
cerylic alcohol in suspension ; precipitating the cerotic acid with chloride of barium ; 
aud dissolving out the hydrate of ceryl with alcoliol, ether, or coal*tar oil. Tho hy* 

. ■* drate of ceryl, purifled by several crystallisations from ether or alcohol, forms a waxy 
substance melting at 97° 0. Heated with potash-lime, it gives off hydrogen, and ii 
converted into cerotate of potassium : 

+ KHO - C«H»KO* + 4H. 

At a very high temperature it distils partly undeconi posed, partly resolved into water 
and cerotene, + H-'O. Chlorine acts upon hydrate of ceryl, producing a trans- 

parent pale-yellow substitution-product, chlorcvrotal, containing 37*62 to 37*89 C, 
4*76 to 4*78 H, and 65*11 to 66*07 Cl, numbers which correspond to the formula 
C*’H®**C1'*10. The action of the chlorine was probably not complete. Tho prodiirt 
has the appearance of a gum-resin, and becomes electrical by friction. (Brodie, Ann. 
Ch. Pharm. Ixrii. 120.) 

Hydrate of ccryl treated with excess of sulphuric yields a product which, wln n 
washed with cold water, dried in vacuo, and crystallised from ether, has the composi- 
tion of neutral evdphatc of ceryl with 1 at. water, (C*’H“)*SO'* + H*0. When pure it is 
perfectly soluble in water, especially if a little alcohol is added ; tho solution evaporuttd 
at a low temperature leaves tho substance in the form of a soft wax. (13 rodie.) 

CSTSWS or Ci'iyhmc, C**H”. (Dumas and Piligot, Ann. Ch. Pliys. [21 Ixii- 4 ; 
Smith, ibid. [3] vi. 40.)— A hydromirbon homologous with ethylene, obtained by 
tilling cetylic alcohol with phosphoric anhydride, also by distilbng cetin (paliiiitate of 
cetyl), and treating the product with potash to saponify the fatty acids whicli iiave passed 
over in the distillation, the cetene then floating on the surface of the liquid. 

Ccteneis a colourless oily liquid, which stains paper. It boils at 275° C., distilling 
without aUeration, Vapour-density 8*007. It is insoluble in water, easily soluble in 
alcohol and ether, neutral to test-paper. It has no particular taste. When set on fire, 
it burns with a v<*ry pure white flame, like the fat oils. 

Cetene unites with hydrobromic and hydrochloric acids, slowly at ordinaiy tempera- 
tures, somewhat more quickly at 100° C. The compound is decomposed by distillation. 
(Berth elot, Ann. Ch. Phys. [3] li. 81.) 

The cthyiosulphatcs (Bujpho>’inHtes) yield by dnr distillation an oily liquid {htavif 
oil of wine), fi‘om which water separates an oily hydrocarbon (liaht oil of wim), which 
boils at nearly the same temperature as cetene ; and this oil, wuen exposed to a very 
low temperature deposits crystals {camphor or etearoptene of wine-oiC), having the same 
composition. 

cavic ACZ2>. C**H*®0* ? — ^Produced, according to Heintz, in very small quan- 
tity in the su^ioni float ion of 8[)erraaceti (p. 840). Crystallises in nacreous scales 
gi'ouped in stars, melting at 63*5° C. Benic acid obtained from oil of ben, and stillis- 
teuric acid, from the fruit of Stillingia aebifera, have the same composition. 

OBTnTt C”H*W. (Chevreul, Jltchfrchee cur lec Corpe yras, jp. 171; Smith 
Ann. Ch. Pharm. xlii. 247; Stenhouse, J. pr. Chem. xxvii. 263; Kndcliff, Ann 
Ch. Phys. [;31 vi. 60.) — ^A fatty ciystalline substance constituting the ossontial part o 
spermaceti, the substance which, in the state of solution in an oil, fills the cavities ir 
the head of the caeholot, or spermaceti whale, and other cetaceous animahc To ohtair 
it inji statf* of purity, spermaceti is treated with cold alcohol, which removes tho oil. 
and the residue is (TyshUlised from boiling alcohol. 

Cetin melts at 19° C^ aud solidifies on cooling in a translucent mass, which servei 
for the manufacture of candles. Heated to 860°, out of contact with the air, it vola 
tilisee without alteration ; but if heated quickly and in considerable quantities, it i: 
complotcly dccompoeed into a solid fatty acid (|>itlmi tic acid), and a liquid hydrocuboi 
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(cetene), acrompaniod, chiefljr towards the end of the diatilLition, by seoondaiy pro* 
daet8» such as water, carbonic anhydride, carbonic oxide, and olefiant gas. Cetin u 
insoluble in water. 100 pta. of a&oW of 0*821 dissolve 2*6 pts. of it; ahsolute tUcohol 
and ether dissolve it in largcsr quantities, and deposit it on cooling in brilliant laminie. 
I^itrk add attacks it slowly, and converts it into a mixture of ceuanthybe, adipic, and 
piiiielic acids. 

Cetin boiled with caustic ^kalis is transformed into hydrate of cetyl and a palmi* 
tate of the alkali-metal (Smith) ; 

C*H«0* + KHO - C*«H«0 + C>*H«KO*. 

Ujrdrata of PaliiiUate of 
cetyl. potaMiuni. 

It must be observed, however, that the statements of different chemists regarding the 
falty acitls resulting from the saponification of cetin do not quite agree* Chovnuil 
obtained miii^aric and oleic acid. Heintz (Pogg. Ann. Ixxxiv. 232) obtained a mix- 
ture of stearic, palmitic, myristic, cociuic, and cetic acids, which he separated by tho 
different solubility of the acids themselves, and of their barium-salta, in alcohol. lie 
therefore regards cetin, not as a simple proximate principle, but os a mixture of tho 
cetyl-salts of the acids just mentioned. By repeatedly crystallising spermaceti from 
ether, he obtained at last a small quantity of a fatty substance, wfiich melted at 
63*6® C., but in other respects exhibited the characters of cetin, and also its composi- 
tion, viz. 80*03 C, 13*25 H, and 6*72 O. 

CUTRARIA. Sec Licubns. 

C&TRARZC ACXSa Cetrariv. (Berzelius, Schw. J. vii. 317 ; 

Ann. Chim, xc. 277. — llerberger, Ann. Ch. Phnrm. xxi. 137.- Knop nndSchneder- 
inann, i/wV/. Iv. 144,)— Contained, together with lieheiioKtearic acid, in Iceland moss 
(O/rnna hfandica). To obtain the two acids, the lichen is treated for about u quarter 
of an hour with a boiling mixture of strong alcohol andcarbonaU^ of j>otassium (16 gnn. 
of tlie cnrbcridfe to each kilogramme of alcohol), wliercby the acids lire diHsotved 
as potassium-salts, TIio filtered liquid mixed with hydrochloric acid, <1cpoHits the two 
acids mixed with a green substance ; and by treating this mixture with 8 or 10 timi‘S 
its weight of boiling dilute alcohol, tlio lichenosti^aric acid is dissolved, while tho 
cetraric acid and the green substance remain undissolved. 

To isohite tho cetraric acid, which forms the greater part of the residue, this residuo 
is washed several times wdtli a mixture of ether and an essential oil, fur the nurposo 
of removing the green matter; it is then boiled with strong alcohol, which dissoVes 
the cetraric acid, and on cooling deposits it in slender needles, wliicli are purified by 
boiling them with animal charcoal, tiieii dissolving them in potash, and decomposing 
the potassium-salt wdth hydrochloric acid. (K nop and Sch n oderiti a n n.) 

Cetraric acid crystallises in extremely fine capillary needles, of dazzling whiteness. 
It has a pure bitter taste, is nearly inHoliible in water, sparingly soluble in ether, very 
BoIuVde in boiling alcohol. The crystals are anhydrous. 

Cetraric acid turns lirown when lx)iled with water; the alcoholic solution also turns 
brown on boiling; this change is much nccelornted by the proHonco of an alkali. 
SiUpkuric acid colours cetraric acid, first j'ellow, iifU'rwards red : the mass becomes 
glutinous and dissolves : and water added to tho solution throws down ulmic acid. 
Hydrochloric acid dissolves a small quantity of cetraric acid, the undissolvcd portion 
assuming a deep bine colour. This bine compound is dissolved witlj red colour by 
strong sulphuric acid, and reprecipitated Vdne by water. This blue prerl|iitate dissolves 
in a mixture of diclil<»ride und letrachloride of tin, and tilknlis added to the solution 
throw down a blue lake (Herberger), Cetraric acid is oxidised by nitric aeid^ 
yielding oxalic acid and a yellow resin. Chlorine and bromino do not appear to act 
U|K)n it. 

Cetraric acid decomposes carbonates, and forms yellow salts, soluble in water and 
alcohol, and having an intolerably bitter taste. It has a gr*-at bmdency to form acid 
iialts. The neutnd salts cannot be evaporated, even in vneiio, without decomt>OHing 
and turning brown. The acid Sidta are precipitate**! in a gelatinous form, by mixing 
the neutral salts with half tho quantity of hydrochloric acid necessary to Haturate tho 
base. They are difficult to wash, but imiy be eva|>orated in the air without turning 
brown. 

An alcoholic solution of acid cetrarafe of potfutsinm, forms a deep red precipitate 
with fi-rric chloride, the liquid at the same time assuming a bloo<l-rcrl colour. 

Cftrarate of amnwnium is obtained a« a yellow powder, by treating the acid with 
gaseous ammonia, of which it aljsorl^ 10*2 p«*r cent. The ^rt</.salt, C**H**Pb''0*, is 
obtained as a yellow flfKrculentprmpitatc, by mixing acetate of lewl with cetrarate of 
ammonium. The s//«^r>salt is a yellow precipitate, which rapidly turns brown. 
(Knop and Schnedermaun.) 
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C8im* — A monotomic aleohol-radicle not yet isolated* but supposed to 

exist in a series of compoundB homologous with the ethybcompomidsi and derived horn 
spermacetL The cetyl-compounds at present known are : 


Hydrate of cetyl (cetylic alcohol) . ♦ 

Oxide of cetyl (cetylic ether) . 

Oxide of cetyl and sodium , • 

Oxide of cetyl and ethyl • * • « 

Oxide of cetyl and amyl . • 

Acetate of cetyl . * • • • 

Benzoate of cetyl • • • • « 

Butyrate of cetyl 

Stearate of cetyl • • • • • 

Succinate of cetyl . • • • • 

Sulphate of cetyl and hydrogen « 
Sulphydrute of cetyl • • • • 

Sulphide of cetyl • • • • « 

Cetyl-xauthic acid 


( C « H»)*0 

C'»BP».Ha.O 

Ci«h»C*H**.0 

C*H*0.C'*H“0 

C^H'0.C’«H“0 

C**H"0.C*«H”0 

(SO*)".C»H“H.O^ 

C“*H”H.S 

(CO)".C»H»*.H,S* 


T^pe HH. 
Bromide of cetyl 

Chloride of cetyl . 

Iodide of cetyl . • 

Cyanide of cetyl 


C«H«Br 

C'«H«C1 

C*-H”I 

C«H"Cy 


7^pe NH*. 


Nitride of cetyl, or tricetyl- > ^ (C**H")* 
amine * . . .V 


Cetylphenylamine 


Dicetylphcnylamine 


(C'«H« 
N^C-IP 
( H 

N^C'W 

(C'H* 


CBTTli, ACBTAT8 OF. C'*H”0» =. C*H*O.C**H” O. is produced by treating 
cetylic alcohol with acetic and hydrochloric or sulphuric acid, precipitating by water, 
dissolving in ether, and evaporating, as an oily liquid, which at a low temperature soli- 
difies, after awhile, in a mass of needle-shaped cryst^s, fusible at 18*6° C. (Becker, 
Ann. Ch. Pharm, cii. 219.) 

CBTTXi, BBirZOATB OF. C*»H*0* - jyHH}.C'®H”.0.— Obtained by heating 
chloride of benzoyl with cetylic alcohol in equivalent proportion, dissolving the residue 
in ether, and precipitating with alcohol. It forms crystalline scales, which melt at 30° C., 
dissolve readily in ether, and sparingly in alcohol. (Becker, he. cit.) 

CBTTXi, BBOMZBB OF. C***H**Bt. — Produced by the action of bromine and 
phosphorus on cetylic alcohol. It is a colourless solid body, heavier than water iu the 
melted state, insoluble in water, veipr soluble in alcohol and ether; melts at 16° C. 
When distilled, it gives off hydrobromic acid. (Fr i d au, Ann. Ch. Pharm. Ixxxiii. 16.) 

OBTTXi, BUmiATB OF. C*®H«02^C*H’0.C'«H«0. — Obtained by slowly 
heating a mixture of cetylic alcohol and butyric acid to 200° C., and proceeding as 
with the benzoate. It is white, neutral, miscible with ether but not with alcohol, 
melts more easily than cetylic alcohol, and when cautiously heated in small quantity, 
Tolatilises without decomposition. (Handw. d. Chem. 2*« Aufl. ii, [2] 929.) 

CBTFli, CHXiOBZBB OF. C'*H**CL Hydrochloratc of Cetene. — Obtained by 
the action of pentacliloride of phosphorus on cetylic alcohol. The two bodies mixed 
in fragments in a retort, become heated, melt, and act violently on each other, giving 
off largo^ quantities of hydrochloric acid. On subsequently distilling the product, 
oxychloride of phosphorus passes over, and then chloride of cetyl, which may l>e 
purified by re^tillation with a small quantity of pentachloride of phosphorus, wash- 
ing with boiling water, and diying in vacuo at about 120° C. If it still contains 
hydrochloric acid, it must be distilled with lime recently ignited. (Dumas and 
P6 ligot, Ann. Ch. Phys. IxxiL 4.) 

Chloride of cetyl is a limpid oily liquid of specific gravity 0*8412 at 12° C., insoluble 
in water SJid in alcohol, but soluble in ether, whence it may be precipitated by weak 
alrohol. It distils above 200° C., with partial decomposition, and hj prolonged ebul- 
lition the whole of the chlorine may be expelled as hydrochloric aci^ leaving cetene 
(p. 838). It is not acted upon by nitric acid, but strong sulphuric acid decomposes it, 
eliminating hydrochloric acid and forming cetyl-sulphuric acid. It does not absorb 
ammonia, (Tiitscheff, R6p. Chim. pure, ii. 463.) 

OBTT&t OTAHIBB OF. C'*H**.CN. — Obtained in an impure state, b^ heating 
cetylsulphate of potaMiom with cyanide of potassium, and extracting with ethci 
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(Kohler, Zeitsehr. cL gesammt. Naturw. Tii. 252 ; Jahresber. 1866, 679.— Heints, 
pogg. Ann. ciL 267 ; Jahresber. 1867, 446). Accordine to Kohler, it is a solid crys- 
tidlme* substance, melting at 63^ 0., easily soluble in ether snd in hot alcohol ; accord- 
ing to Heintss, it is liquid at ordinary temperatures, but its formation is accompanied 
by that of a crystaUino solid, which melts at 66' I®, and is probably^ mixture of 
cetylic ether with palmitic aldehyde. Heated with potash It appears to yield maigaiio 
acid, (Kohler,) 

OSTYSn KT2>ltATB Ol*. C«H»«0 - C'*H« H.O, Cftvlio Aloohtd, Ethal^ 
(Chevreul. Rtcherchia eur lea Corpa graa, p. 171. — Dumas and P41igot, Ann. Cli. 
Phj’a [2] Ixii, 4 ; Smith, ibid, (3] vi. 40 ; also, Ann. Ch. Pharm. xlii. 247. — Heints, 
pogg. Ann. Ixxxiv. 232 ; Itxxtu. 663.) — This compound is prepared by saponifying 
e()ermaceti with au alkali, the oetin, or palmitate of cetyl contained in lliat substance 
l>eing then resolved into an alkaline palmitate and hydrate of cetyl, which latter is 
dissolved out by alcohol or ether. Dumas and P^ligot add 1 pt. of solid hydrate of 
potassium, by small portions and with constant agitation, to 2 pts. of melted sperma- 
ceti, treat the resulting soapy mass with water, and then with a slight excess of hydro- 
chloric acid. On boiling the liquid, the ethal and the fatty acids of the soap rise to 
the surface, in the form of an oily layer, which is separated by decantation, and 
saponilled a second time in the same manner, to decompose a small remaining quantity 
of spermaceti ; the fatty acids are again separated by moans of liydrochloric acid, and 
Biipoiiificd with slaked lime added in excess. A mixture of limo-sotip and hydrate of 
cetyl is thus obtained, from which the latter is dissolved out by alcohol. Lastly, the 
alcohol is distilled off, and the cetylic alcohol which remains is purified by crystallisa- 
tion from ether. Heinte boils spermaceti with an alcoholic solution of potash; preci- 
pitates the boiling liquor with a concentrated aqueous solution of chloride of barium; 
and dissolves out the ethal from the precipitate with alcohol. As the alcohol also dis- 
solves small quantities of barium-salts, it is removed by distillation, and the ethal 
which remains is dissolved in cold ether, and finally purified by several crystallisationa 
from ether. 

Cetylic alcohol or ethal is a white solid crystalline mass, which melts at a tempem- 
turo above 48® C., but solidifies at 48® (Chevreul). It molts in water at 60® C., and 
Mlien it solidifies, the temperature rises to 61 '6®; when molted alone, it solidifies at 
41)® or 49-5® (Hein tz). When slowly cooled, it ciystallises in shining laminje: it 
also crystHlliscs on cooling from solution in alcoliol. It is without tante or smell, and 
distils without alteration, passing over even with vapour of water. It is insolublo in 
water, but mixes in all proportions with alcohol and ether, 

Ethal docs not give off water when heated with oside of lead. It is not dissolved 
by aqmoua alkaJia ; but when strongly heated with potash-lime ^ it gives off hydrogen, 
and IS converted into a potassium-salt, probably palmitate or etholate (Dumas and 
^tas, Ann. Cb. Phys. [2] Ixxiii. 124): 

C*‘U«0 + KHO - C'*IP’KO* + 4n. 


Ethal is decomposed by aodiunif yicldine ceiglate of sodium^ C**H**KO, With potaah 
and suipkide. of carbon it forms cetyl-xantnate of pobissium, C‘*n**.K.COiS*, Distilled 
with pvntacfdorideof vhoaphoruSf it forms chloride of cetyl, oxychloride of phosphorus, 
and hydrochloric acid: 

C”H” H.0 + PC1» Cl* = C”n”Cl + PCPO -h HCL 

With iodine and phoaphorus^ it yields iodide of cetyL With strong avdphuria flc/rf, it 
forms cetyl-sulphuric acid, C'*H“.ILSO*. 

. Heintz (/be. c//.) regards ethal, not as a sinmle alcohol, but as a mixture of^cetylie 
and stearic alcohols, and C'"H”0 : because, according to his ex|^rimenta, 

the etlwdie acid of Dumas and Stas, is a mixture of palmitic and steai4c acids, sepa- 
rable by solution in boiling alcohol and precipitation by acetate of barium. 

OBXT&» Z02>Z2>B OF, C'*II**I. (Fridau, Ann. Ch. Pharm. Ixxxiii. 9). -Pre- 
pared by introducing phosphorus into cetylic alcohol heated to 120® C, in an oil-bath, 
and adding an excess of iodine by small portions at a time, while the mixture is con- 
tinually stirred. Hydriodic acid is then given off, together with f)hoBphorous acid, while 
iodide of phosphorus cTystallises out, and iodide of cetyl remains in the liquid state. 
When the reaction is complete, the iodi<io of cctyl is decanted, washed with <wld 
water, which causes it to solidify, and then crystallised from alcohol. It crystallises 
in colourless interlaced laminae, insoluble in water, easily soluble in ether, more soluble 
in boiling than in cold alcohol Melts at 22® C., and solidifies cm idling in rosettes 
having a fatty aspect. Bums with a clear flame, giving off free iodine. , , 

It does not distil without alteration, but decomposes quickly at 260 ® C., giving off 
copious vapours of iodine and hydriodic acid, together with an oily hydrocarbon. It is 
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violently attacked 1^ mercuric oxide at 200®, yielding an oil (cetene?) togctlier witk 
iodide of mercui^ and metallic mercury, and leaving a ciystallisable solid fusible at 
With oxide of silver recently precipitat^ and still moist, it forms the same compound^ 
melting at With cetylate of sodium it yields iodide of sodium and oxide of cetyl : 
- C«HWK.O + C>«H» I - KI + (C»H»)*0. 

Ammonia in solution does not act on iodide of cetyl, but gaseous ammonia converts 
it into tricetylamine, With phenylamine it forms cetyl-phenylamine and 

dicetybphenylamine. (Fridau). 
cvnrjtf jrrmxiB or. See CsTYLAMiNa. 

CBimh, OBZXIB Ol*. Cetylic ether, (C'*H")*0. — Obtained by treating cetylate of 
Bodlutn, C**H**KO, with iodide of cetyl at 110® C., washing the product with boiling 
water to remove iodide of potassium, and crystallising mm alcohol or ether. It 
crystallises in shining scales. Melts at 55® C., and solidifies between 53® and 54® in 
a radiated mass ; distils at 300® for the most part without decomposition. It is not 
attacked by hydrochloric or nitro-hydrochloric acid at the boiling heat, but strong sul- 
phuric acid destroys it. (Fridau, Ann. Ch. Pharm. Ixxxiii. 20.) 

CityUethyUoxide or cetylate of and cetyUamyl-osttde or cetylate 

of amyly C*H".C'®H**.0, are obtained in like manner by treating cetylate of sodium 
with iodide of ethyl or amyl. They both crystallise in laminse, soluble in alcohol 
or ether: the ethyl-compound melts at 20® C., the amyl-compound at 30®, (G. B ecker, 
Ann. Ch. Pharm. cii. 220.) 

Cttyl-sodium-oxide or cetylate of sodiwn, C**H*NaO, obtained by the action of 
sodium or cetylic alcohol, is a greyish -yellow solid which begins to melt at 100® C. and 
is perfectly fluid and transparent at 1 10®. It is not decomposed by boiling water, but 
hydrochloric acid separates cetylic alcohol from it (Fridau.) 

CSTYXm 8TBil.&a.TB 01>, C»*n«»0« = C‘«n«O.C>“H”.0.— Prepared like the 
butyrate. Thin wliitc shining lamin<'e, sparingly soluble in boiling alcohol and in 
cold ether, easily in boiling etlier. Melts at 56® — 60® C., and forms a crystalline mass 
on cooling. Volatilises with partial decomposition when heated in a tube. (Handw.) 

. CSinrX., SVCCXMTJLTII OP. = (C<H<0*)".(C'®H>®)®.0* --Prepared by 

heating 1 at. succinic acid with 2 at. cetylic alcohol in an air-bath, neutralising with 
^rhonate of sodium and recrystallising from ether. White laminse, sparingly soluble 
in alcohol, more freely in ether-alcohol, still more in pure ether. (Tiitscheff, 
loc, cit,') 


CBTYXj, SXnEiPBATB (BCXB) OP. Cetylsulphuric acid. Sidphoceiio acid. 
C”II**SO^ Bs I O*. — Produced by mixing sulphuric acid with cetylic alcohol 

at the temperature of the water-bath (Dumas and P61igot, loc. citJ) According to 
Kohler {loc. cit.) and Heintz (4^. cit) the most abundant product is obtained by 
mixing the two substanceB at the lowest temperature at which they will act, viz. at 
the melting point of cetylic alcohol; dissolving the mixture in alcohol and saturating 
with potaim; separating the precipitate from the liquid; concentrating the latter; 
treating the residue with ether, which extracts undecoraposed cetylic alcohol, and 
leaves cetylsulphate of potassium ; and repeatedly crystallising the latter from boiling 
alcohol. 


Cetyhtdphate of potassium fbrms white nacreous laminse, consisting of interlaced 
microscopic needles ; it is moderately soluble in hot alcohol, less in boiling water, in- 
sohiblo in ether. It is not fusible. Heated to 140® C. with cyanide of potassium, it 
yields cyanide of cetyl. 

CBTXli, SBXPBXBB OP. (C^®IP*)*S. — Prepared by the action of chloride 
of ce^l on an alcoholic solution of monosulphide of potassium at the boiling heaL 
^londe of potassium then forms and sulphide of cetyl rises to the surface of the 
liquid, where it solidifies on cooling. It is then washed with cold wat.er, melted in 
boiling water, and repeatedly crystallised from a mixture of alcohol and ether, till the 
melting point becomes fixed at 67*5® C. It forms shining scales resembling those of 
wtyllc mercaptan. It dissolves readily in ether, and in boiling alcohol, veiy sparingly 
in cold alcohol. The alcoholic solution forms a white precipitate with acetate of 
lead, also dissolved in alcohol. (Fridau, Ann. Ch. Pharm. Ixxxiii. 16.) 

CBWBy BVnbPBPBBBTB OP. Citylic Mercaptan. C**H®*.H.S. — Prepared 
Iw tr^ting sulphydmte of mtassium dissolv^ in alcohol with an alcoholic solution of 
chloride of cetyL The product contains a certain quantity of sulphide of cetyl. It is 
purified by adding acetate of lead, then water, washing with water, and digesting in 
ether, which dissedves the cetylic mercaptan and deposits it on evaporation in ciystal- 
line scales having a silvery lustre. It melts at 50'5®C., but solidifies again only when 
eooled down below 44®, aasiuning the form of iuterlac^ dendrites* It is sparingly . 
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ia cold akohol, ^ily in ether, somewhat less easily iu hoiling alcohol When 
boiled with water it gives off a peculiar odour. 

The cold alcoholic solution produces, after a while, white flocculent precipitates with 
the alcoholic solutions of silver-salts and of mercuric chloride ; it docs not precipitate 
the salts of lead, platinum or gold. Mercuric oxide does not act sensibly upon it| 
even at high temperatures. (Fridau, Ann. Ch. Phurm. Ixxxiii. 18.) 

Bases formed by the substitution of one or more atoms of 
cetyl in place of hydrogen iu a molecule of ammonia. Mono- and di-cetylamine> are 

Triceti/lamine or Nitride of Cetyl, C^H^NsrNfC”!!")*. — This base is produced 
by passing ammonia-gas into iodide of cetyl heated to 160® C. A whit© precipitato 
of iodide of ammonium is then formed, increasing iu quantity if the temperature l» 
maintained for a while at 180®, and the substance which n^mains in the fused state is 
tricetylamine. It dissolves in boiling alcohol and orystidlises in colourless needles, 
melts at 39® C. and solidifies in mammellated ciystals on cooling. 

The salts of tricetylaminc are inwluble in water, but soluble in ether and alcohol, 
especially in the hot liquids. The hydn^hloraie^ C^II**N.HCI, crystallises from boiling 
alcohol in nee^ea,which are less fiisiblo but more soluble than the base itself. Potash 
added to the filing solution separates tricotylamine in the form of a heavy oil 
^V\w i'hlori^latinatet 2(^C*’‘ll‘'*'N.Ili'l).PtCl*, is a cream-coloured, almost pulverulent 
precipitate, insoluble in water, sp^iringly soluble in alcohol. (Fridau, Ann. Ch. 

^Cetyl^^ylamine, N.H.C**n**.C«H», and Dicrtyljphenylamino. are 

produced by the action of iodide of cetyl on phenylamino {q. v.) 

CSTYX-aUJTTRXO ACID. This acid is known only 

as a potassium-salt, which is prepared by adding alcoliol and hydrate of ])Otassium to 
a saturaUKl solution of cotylic alcohol in sulphide of carbon, hen ling the mixture a 
little below the boiling point of alcohol, then leaving it to itself for a while and 
decanting. The clear solution, on owling, demsits light scnles, which may be purified 
by washing with a small quantity of cold alcohol and dissolving in boiling alcohol 

The salt ia white, tasteless, odourless, very hygroscopic and unstable. Its nleoliolio 
solution gives a white j)rccipitato with nwrcuric eMoridr ; canary^yellow with nitrate 
of ndvtr, blackening in a few minutes; white with acetute of It ad, also blackening 
rapidly ; wliife gelatinous with salts of rinc. Digested wit h hydmcldorie acid, it yields 
cctylic alcohol. (Desaiiis and De La Provostuye, Ann. Ch. Phys. |3] %*i. 494.) 

CSVA91C ACm. An acid existing in the seed of sabaxlilla (Viratrum Sa/ta- 
diUa, Ilitz), and probably also in the root of white lielleboro {^Vtratruin alhum\ mid 
of Cofckicitm avtumm/e. To prenaro it, tlio oil extracted from sabudilla seeds l»y 
ether is 8aj>onifipd with potash; the soap decomposed by tartaric acid; the mixture 
distilled; the distillate neutralised with baryta; and the resulting barium-salt eva- 
porated to dryness, and distillwl with syrupy phosphoric acid. Cevadic acid then 
sublimes in white nacreous needles. It is soluble in wat<.T, alchohol, and ether, and 
smells like butyric acid ; melts at 20® C. and sublimes at a ternperature a few degrees 
liigher. Its salts have a peculiar odour. The ammouium-salt gives a white precipitate 
with ferric salts. 

CBVABXW or HOBBBXIT. A mixture ofstarcli, cellulose, and azotlscd matter 
obtained from barley. 

CBTBASrXTB OP CXHTBOSaXTB. A ferruginous variety of spinel (Al^MgO^), 
from Ceylon, and other localities, having the niiigncHium more or 1p.sh ^placed by 
ferroBUm, and the aluminium !>y ferricum. It ia the jdeonast of Haiiy, (8c« Hwnici..) 

CBASABZTR* A mineral belonging to the zeolite family, and ^ consisting es- 
sentially of hydrated silicate of aluminium and calcium, a ct*rtain portion or the 
Calcium being however always replaced by |)otassiuni or sodium. It crystallises iu 
forms belonging to tlie hexagonal system. I'riinary form, an obtuse rho(nbohcdrr>n, 
having the angle of the terminal edges 94® 40'. It occurs in the primmy form, and 
in the combination R. - JR. -2R. Ratio of principal to secondary axes 
Cleavage distinct parallel to R. Sfx*cificgmvity 2*0 to 2T. Ilardm*ss4 4*6. Tran^ 
parent and coiourless, sometimes flesh-red, with vitreous lustre. Streak uneolon red. 
Fracture uneven. Brittle. Shrinks l>ef<irc the blowpim* to a blistered, slightly trans- 
lucent enamel. It is perfectly dccoinj>ose<l when beate<l in the state of powder before 
the blowpipe. It occurs in scattered cprstals in the ftssuw* of some trap rocks, anu 
in the hollows of certain geodes disseminated in tlie same rocks. ^ . , 

The composition of most varieties of chabasito is nearly representeu by the formula 
Ca"O.Al*0»^iO* + Bjvq., which tif al" ^ | Al). may lie rcdiicofl bi that of a nicbi- 
silicate Ca''{a/")*Si*0'* f S<jnictimca, however, the amount of alkali is consider- 
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able, as in the fourth of the following examples, which approaches nearly 
^i|(a^')'Si'0'« + flaq. 

Analysis a is of a specimen from Kilmalcolm in Benfrewshiret by Thomson ; 6, from 
Aussig in Bohemia, by Rammelsberg; c, from Annerode near Giessen, by Genth* 
cf, from Bort Rush in Ireland, by Thomson : ' 



Si03 

AI*Oa 


Ca»0 

Na*0 

K«0 

H*0 

a ♦ 

• 48*75 

17-44 

— 

10*47 

— 

1*46 

21*72 » 99*93 

b , 

. 47-91 

18-14 

— 

9*64 

0*25 

2*56 

21*60 « 100 00 

e . 

. 47 00 

19*71 

0*15 

10*63 

0*65 

0*33 

22*29 = 100*76 

d . 

. 48*99 

19-77 

0-40 

4*07 

6-07 

— 

20*70 « 100 00 


Sometimes, however, the proportion of silica is somewhat greater, and the com- 
position is more nearly represented by the formula 2(CV0.Al*0*).6SiO* + ]2aq. or 
(Ca'W*H‘^)Si*'0*' + llaq- ; and hero again, the proportion of alkali-meUl may bo wn- 
siderable, as in the variety called acadu>l%U\ which may be represented by the formula 

(Ca^Nn^K^)W*H*Si"0*’ + llaq. Analysis e is chasabite from Drottning Grufva 
pear Gustassberg in Jemtland (Berzelius);/ is avadiolite^ from New Caledonia 



8i03 

Ar-«Oa 

C«"0 

Na»0 

K*0 

ll"0 

e . 

. 60*65 

17*90 

9-37 

— 

1*70 

19 90 

/ ■ 

. 62*02 

17-88 

4*24 

4*07 

303 

1830 


99-52 
99-64 

(HamvieUherg'a Miner alchemiCy p. 816.) 


According to Dana, Haydeniteftom Jones’ Falls in Maryland, is merely a lemiginous 
variety of Sabasite crystallised in scalenohedrons. — Phacolite froTo. Leipa in Bohemia is 
another mineral of similar constitution, but containing less water, viz. (M^a^‘*H*)Si*0‘^ 
+ 9aq. 

OBJBltOVKT&&TrM. The fleshy root of Cheerophyllum hulhosum^ which is now 
coming into nso in Franco as an article of food, has been examined by Pay on (Compt, 
rend. -zHii- 269), and compared with that of the potato (a yellow variety) : 


Chaerophyllunt. 


Water 63*618 . 

Starch, &c * 28*634 . 

Cane-sugar ..•••*• 1*200 

Albumen and other nitrogenous substances • 2*600 . 

Fat . 0*348 , 

Inorganic matters 1*500 • 

Cell^ose and pectin-substances . . . 2*100 . 


Fouto. 

74*00 

21*20 


1*50 

0*10 

1*66 

1*64 


The comparison is evidently to the advantage of the chmrophyllum. According to 
Polstorf (N. Arch. Pharm. v. Brandes, xviii. 176), the seeds of this plant contain 
an alkaloid, cheBrophylline, Most species of chserophyllum are aromatic. 

CBA1&&BT1JL TOXIOAXXAw An ulmaceous plant possessing poisonous seeds. 

CHA&OAJrTBXT& Native sulphate of copper. (See Sulphates.) 

CKA&CBlKlirr or Calcedony. — A variety of quartz exhibiting various shades of 
-white, yellow, grey, brown, green, and blue. It has usually the subdued lustre of wax, 
and is transparent or translucent, some milk-white varieties being opanne. It occurs in 
fDommillaiy and botryoidal shapes, and as stalactites in cavities roofed or lined with it 
According to Fuebs, it is true quartz with some opal disseminated through it. Va- 
rieties of chalcedony are: agate, camclian, cat’s eye, chrysopraae, flint, homstone, 
onyx, plasma, and sand {q. v.) Common chalcedony occurs in the toadstone of Derby- 
shire, m the trap rocks of Fifeshire, the Pentland Hills, and the Hebrides ; msgniflceiit 
specimens also m Trevasens Mine in Cornwall, in Iceland, and in the Faroe Isles. 

0HAA009ZTB* A hydrated magnesio-ferrous silicate found near Antwerp in 
Jefferson county, New York, and originally mistaken for cacoxene. It occurs in 
stellate globular masses, having a bronze-like aspect, or as a deposit upon red haema- 
tite; also in prisms with very distinct cleavage in one direction. Translucent, 
yellowish-brown to blackish-green, with somewhat lighter streak. Lustre metalloidal ; 
on the cleavage &ces, metallic and nacreous. Very flexible in thin laminae. Hardbess 
1 to 1*5. Before the blowpipe, it gives off water, and exhibits the reactions of iro^ 
Kydrochlorio acid does not act upon it in the cold, but when heated, decomposes it 
wito separation of silica. (C. U. Shepard, SilL Am. J. [2] xiv. 265.) 

CtXAMMIAZn. SeeURANTTB. 

CBAJbCMNFMAOZTB. Octahedral arsenate of copper. (See laROCaMirs.) 
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Syn. with Cofpse-iooa. 

CBA&COmZTX. Syn. with CoppSB-PTBiTBfl. 

CXA&OOBTZBITS. Native sulphaDtimonite of copper. (See Wolpsbbbqitii) 

CmL&COmiCKXra. Native cuprous oxide. (See Coppbb, Oxihbs op.) 

OBAUUnrau This name is applied to two minerals found imbedded in ffrey 
almond-stone, from the county of Antrim in Ireland. One of these minerals is 
amorphous, with conchdidal fracture; cream-coloured, with faint waxy lustre; trans- 
lucent on the edges, with faint lustre on the streak ; sliglttly unctuous to the touch, 
and adhering to the tongue. In water, it falls to pieces with deerepitoting noise. It 
is decomposed by ^drochloric acid, with separation of pulverulent silica. 

According to v. Hauer (Wien Acad. Ihr. xii. 229) it couUins 

SxQi F«*”0 ra'O M«»0 I’U) VoUl 

44*11 10-90 1-05 6 7-1 13 01 24 07 « 99*88 

with traces of manganese and potavssium, whence the formula: 4M"0. Al*0*.8Si0* + 
13H“0. 

The other mineral (first analysed by Thomson) is a dense aggregate of concen- 
trically fibrous spherules, of pale blood-red colour ; glistening ; triiiishicout on tlie edges; 
of hartlness o, and specific gravity 2; 24. It does not fall to pieces in water, and when 
decomposefl by hydrochloric acid, yields a jelly of silica. 

This mineral, analysed by v. Hauer (Wien Acad. Her. xi. 18), gave : 

IjOiii by 

SIO* A1*0* F«*"0* Ca“0 Mg"0 Ignition. Total. 

88-26 27 71 trace 12*01 6-85 14 32 « 99*ir> 

whence the formula 6M"0.4Al*0*.9Si0'‘ + 12H’0 (Kenngott, Jahrosber. f. Chom. 
vi. 826 ; vii. 842). Both minerals are orlho.silicatrs, the formula of the first being 
reducible to (M")^(ar)*H‘®Si‘‘(V-'* + 7a»|. wdiicli is (►f the form GllSSiO* + 7aij., and that of 
the second to (M" )^‘^iH)'^ + 4 jui. or 3R‘SiO*+ 4jup 

GRAXiX* Friable carbonate of calcium, very abundant, and forming the upper 
member of the cretaceous group which occupies nearly the whole of the south-eastero 
part of Ei.gUtnd, and a oonsiderjdjh^ portion of the north of Franco. It is white and 
oimque, very soft, and without the h'ast appeuranco of polish in its fracture. Specific 
gravity 2'4 to 2-6. It contains about 2 ptT ciMit. of clay, besides free silica. Some 
specimens, perhaps most, contain a little iron. Somt*tim«‘s also magnesia and chloride 
of calcium occur in small quantities. It may be purilied by trituration and elutria- 
fion, the ferruginous and siliceous particles subsiding first, while the pure chalk 
p;irtic]e8 remain su.spcnded: this purified chalk when dried is called vfhitivg. Ulmik 
IS extensively used in agriculture, as an addition to soils which are deficient in 
lime. 

The name chxfk is also occasionally applied to other earthy minerals ; thus Jilark 
chalk is a peculiar kind of slate, also called Draunttg tlatr^ whieli produces a black 
shining streak on paper, and is used in crayon drawing. Htd chalk is a clay, coloured 
by oxide of iron. 

CRAUC STOITBB. Gouty concretions in the joints, so called from their resem- 
blance to chalk, ^'licy consist mainly of uric acid. 

CBA&BOSnm. iSyn. with CupeKU-oi.ANCB. 

CBABTBBATS WATBM. ^linerol waters containing carbonate of iron dis- 
solved in excess of carbonic ueid (p. 786). 

GBAliTBlTB. Native cari>onate of iron (p. 784). 

CHAMIBl#»OB MXygBAXi. Maoganate of potassium. (See Mamoanatbs.) 

ORAMJBmOPB KVMZX.XB. The leaves of this palm are coated with wax, 
separable byalcoholintocerin and Diyricin. (Teschemacher, Rochled^crhytochtmit^ 
p. 219.) 

CBAMOZBZTB. A black earthy mineral from Chamoisin in the Valais, contain- 
ing according to Berth ier (Ann. Min. v. 393), 14*3 per cent, silica^ 60*6 ferrous 
oxide, 7'8 alumin^ and 17’4 water ( = 100), with 16 per cent, of carbonate of calcium. 
It is perhaps a mixture of magnetic iron ore with a hydrated silicate of aluminium. 

OHABCOTTB. A mixture of fire-clay and fragments of burnt pot(^ used for 
making fire-bricks, pipes, crucibles, 6tc. (JhaTtudU-tioneB from the kaolin of Hallo, 
were found by Wackenroder (Arch. Pbarm. [2] Ixxv. 27), to contain 86 00 per cent, 
nlica, 11*33 aJumina, 2*23 ferric oxide, and a trace of magnesia ; loss by ignition 1*00. 

CBAlCTAfiWB WXBB is made from selected grapes, re<l and white, the must 
of which, after fermenting in the vats from 12 to 16 hours, is drawn clear idS into the 
oaaks ; it is mdsdoff abemt Christmas, ones more after four weeks, and then fined with 
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isinglass, whicli treatment is also repeated. The new wine is put into stout boftleft in 
the month of May, leaving about 2 inch^ empty under the corks, which are wir^J 
down ; and the botUes are laid on their sides for the progress of the fermentation ; 
from 6 to 10 per cent, of the bottles burst. This stage of the process is completed 
in September, when the bottles are placed on their mouths, and left so for fourteen da vs 
to let the sediment settle in the neck, which settlement is promoted by a slight shak 
ing. By dexterous opening of the bottles, the muddy deposit is discharged, and tliej 
are then filled up with clear wine, corked afresh, and packed up for trau8j>ort, the covk 
being covered either with melted resin, wax, or tin-foil. In seasons or districts 
when the must is not sweet enough, sugar is added by pouring a thimble-full of synip 
(called liquor\ into each bottle, the wine destined for Kussia receiving a double 
close. 

A like procedure is followed in making the sparkling wines of Germany, as on tlic 
Moselle, and at Esslingen in Wurtemburg. Carbonic acid gns is frequently condonstMl 
by an air-pump into the other more or less factitious frothing wines of France jjiid 
Oei'many. U. 

CHAirrOKlTE. A mineral said to exist in certain meteorites 

CBAXil FflSTXBA. The ash of this plant has been analysed by Schulz-Fleet b 
(Pogg. Ann. Ixxxiv. 80). Two specimens of the dried plant yielded 64*68 and OS 
per cent, of ash, the chief characteristic of which was the very large quantity of lime 
wliich it contained, viz. 42*7 per cent., which exists iu it almost entirely in the fonn ef 
ctirbonate. The water in which the plant grew yielded in 100 pts. 0*1618 pt. of solid 
matter, of which 0*104 consisted of carbonate of calcium. 

CBii&COJELXi. See Cabbon (p. 769) ; also Ure^a Dictionary of Arts, Manvfnc^ 
turf a and Minca^ i. 616). 

CBATBBXttZTE. Native arsenide of cobalt. (See ConAT.T.) 

CHikVZCik OFFZCZXrAXliniC. One of the names of the plant which yiehls 
long ytppcr, (See Pbpper.) 

CBAiT or CH.A.YiL BOOT. The root of the Oldtnlandia umheXlata^ which grow s 
wild on the coast of Coromandel, and is likewise cultivated there for the use of dyeis 
and calico-printers. It is used for the same purposes as madder, to which it is said 
to l>e far superior, giving the beautiful red so much admired in the Madras cottons. U. 

OHBBSB is formed from milk by coagulating it with rennet; separating the curd 
from £he whey ; compressing the curd in moulds, after it is duly seasoned with salt ; 
and keeping this solidified milk in a cool place for some time, to allow it to undergo 
a kind of fermentation, by which it acquires the flavour and other well known pro* 
parties of cheese. The chemical changes undergone by tlie casein in tliis process 
are little understood. The milk, before it is coagulated, should be heated to about 
86^ F. ; then it receives the rennet — the infusion in water of the stomach of a new- 
born calf, commonly salted and dried to make it keep. The rennet effects its curdling 
completely in about an hour and a halfi The curd is cut with a thrce-bhidetl knife ; 
drained of its whey ; broken down by hand or otherwise, subjected to compression ; 
then comminuted more completely; put into its mould; and exposed to a graduated 
pressure, commonly under a heavy weight, but in large dairies by a screw press, wliieh 
can be progressively tightened. The comminuted curd may be well salted by i n- 
closing it in linen cloth and immersing it for one day or several days in brine. It is 
then drained, wiped, and set away in a cold room. Roquefort cheese is made fi*om a 
mixture of sheep and goats’ milk, and is ripened in a chamber or cellar having a 
very low temperature. U. 

The following table exhibits the composition of several kinds of cheese, as deter- 
mined by Pay on (J. Pharm. [3] xvi. 279). 


Compoaition of Cheeae, 



■ 

Water 

In 

Ash 

in 101) pts. of 
subeUnce: 

Nitrogen 

in IGO pts. of stttyetanoet 

Fat 

in 100 pcs or 
■ubitance. 



100 pU. 







L 



•lOrinel 

dr^. 

normal. 

dry. 

uta.free 

normal 

dry. 

Cheese from Chester 

30-39 

4-78 

6-8S 

one 

8-00 

8-«9 

28-41 

36-61 


Brie . . 

Kmifchetel . 

ft3 99 I 


12-OS 

2-39 

.V14 

888 

24-83 

88 29 


61 -»r 

4-23 

11-17 

2*26 

8-99 

6-07 

18-74 

49-18 


Marollee « • 

40-07 

A-93 

9-91 

373 

9 94 

6-99 

98-73 

47-9- 


Boqoefhrt . 
Honaiul . . 

96.V8 

4-43 

60S 

807 

6*91 

7-38 

39-31 

43 99 


41-41 

6-21 

10*61 

4-10 

7-01 

764 

98-06 

4 i 7>* 


Grusrhree • 

.'Ifns 

4-T9 

706 

5-40 

796 

6 89 

2K-40 

41*81 

n 

Parmeeanu . 

30-31 

7*03 

10 Ih 

8*48 

787 

8 76 

91 68 

81-12 
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The*a«i^ of two samples of cheese has boon analysed by Johnson (Ann. Ch. Pharm. 
IxariiL 119): a. Hand-cheese {Hand-Kdse) from the neighbonrhood of Giessen; 


6. Swiss 

K*0 

cheese. 

Na*0 

CaO 

MgO 

Fe*0» 

CO* 

P*0* 

TlaCl 

4*86 

7-33 

2*66 

— 

Oil 

0*03 

13*68 

72-47 

2*46 

3-67 

17*82 

0*81 

0*17 

0*08 

20*46 

66*37 


100*83 


Tlie Imnd-cheese exhibited an alkaline reaction; off 46*36 per cent water at 
100® C ; the dried substance yielded 12*86 per cent, nitrogen and 13*16 per cent. hsIi. 
The Swiss cheese yielded 44*70 percent, water, and, after drying, 8*0 per cent, nitrogen 
and 11*36 per cent. ash. 

On the preparation of cheese, see Traith dc Chitmr ghihraU^ jpur PUovz€ ft 
2"*' vi. 213, and Miispratfs article CiiRRSB. 

CBBX&ikSrYHVS CHSXBS. — The fragrant flowers of this plant 

have a bitter taste like that of cress. Tlu^y contain a substance which assumes a 
carmine colour in contact with sulphuric acid. The seeds contain myrosin, but no 
myronic acid. {JRochlvder' » Phytochrmiv^ p, 98.) 

CBB&Mr'YXBBXJSnia An alkaloid existing in vc^ small quantity in Chrfido* 
niitm majus (Probst, Ann. Ch. Pharm. xxix. 120; xxxi. 260). It forms orange-red 
salts, and, according to Schiel (Sill. Am. J. [2] xx. 220), ia identical with aangui- 
narine, the alkaloid of Sattguhttrria canadrnsia. (Seo Sanquinaiunii.) 

CBSBXSIOBrzC ACZD. C’lPO" = (Probst, Ann. Ch. Pharm. xxix, 

116. — Lcrch, ibid, Ivii. 273. — Ilutatein, N. Hr. Arch. Ixv. 23. — Om. xii, 413. — 
C<»rh. iii. 754). — This acid exists in all parts of iJfuNdtmlum the coiiutioit 

celandine, in the form of a calcium-salt, together with malic acid iind Hiiothcr iicitl, 
probably fuinaric: it is most abundant at the flowering tinio.^ To obtain it, tlio I'x- 
pressed juice ia coagulated by heat and flltcrcd. Tlie lUtrato is acidulated willi nitric 
acid, and nitrate of lead is added in small (]uautitieH, as long as a crystalline precipitato 
fJls, euro being t.'ikcii not to add too niucb either of the »M*id or of llio lead-salt. Tins 
precipitate, which cuntaiiisliine, is difl'nKed in a large quantity of water and docoin|K>He<l 
by sulpliurcttcil hydrogen, which takes jdace slowly ; the solution of ncid cholidonate 
of calcium is neutralised w'ith chalk and boiled witii iiiiimal charcruil ; and the neutral 
liquid i.s cvajiorated till saline crusts form. After cooling, white crystals are obtuiiMHl, 
of a .silky lustre, which are to be purified by repeated crystallisation. To Bepa.i*.it«> 
the acid, the chelidonato of calcium thus obtained is dissolved in water, the sohition 
precipitated with carbonate of ammonia, and the concentrated solution of clielidonato 
of ammonium mixc<l with twice its volume of moderately dilute hytirocliloric acid; 
Ohelidonic acid is then precipitated us a mass of crystalline needles, which are tolHi 
draincKl on a filter, waslicd, and purified by crystallisation from hot water. 

Chelidonic acid thus prt*p»ared contains 2 at. wat«*r of crystallisation, 
which it gives off (amounting to 9*2 pcjr cent.) at 100® C., or w'hen left over oil of 
vitriol. By 8]>oiituncous evaporation it may he obtaine»l in long no<’dles contiiiiiing 
3 ut. waf«r (12*7 per cent,). It dissolves sparingly in cold, more freely in hoiJing 
water, the solution solidifying as it cools. According to Pro list, it retmin's for 
solution 166 pts. of water at 6® C. and 26 pfs. at 100-^. It dissolves in hydrochloric 
and sulphuric acids more abundantly than in water, and in 700 pts. of 76 |wr cent, 
alcohol at 12® C. 

The acid dried st 100® C. gives off 2*0 per cent. (J ut.) w*uter at 160®, prohalily 
with partial decompo.sition. If the heat ho continued, no fiirtlicr loss tak<rs place 
short of 210®; but at that temiM?rature the acid sustains a conBidorahIo thougli not 
determinable loss; between 220® and 226® decntii|K>Hition takes place, the residue 
becoming soff, blackening, and giving off carlionic an hydride. The black hiass, treated 
with water, yields an acid which crystallises in yellowish crusts. Chelidonic acid 
bur^ with slight detonation when heated in the air. If is scarcely at tackcKl hy stremg 
nitric acid : but moderately dilute nitric converta it, with oTolufioiiMisf nitric oxide 
and carbonic anhydride, into another acid; malic acid does not ufitiear to he formeri 
Chelidonic acid dissolves without decomposition in cold oil of vitriol ; but on the ajijiU- 
eation of heat, the solution becomes yellowish, and gives off gas-bubbles, assumes a 
flne purple-red colour at tfie boiling heat, but after long brjiling. gives off sulphoroua 
acid ana acquires a dull undcflnable colour. When the cidciurn-salt is boiled with 
potash, oxahe acid is produced. (Lerch.) 

Chsudoitatbs. — C lielidonic add is a strong acid, di^solrinL*- zinc snd iron, with evo» 
Intion of hydrogen, and decomposing carbonates. It is tribasic, and forms thrive 

elaases of salts, riz. C’HM»0« or C*^H*M»0** ; C"H*3I*0* or ; and 

or C*^H*M"0** ; besides a few acid Milts containiug O'lPAIO^.C'il^O*. 
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The dimektUie chelidonates are formed when the acid is neutralised with a metallie 
oxide or a carbonate; with alkalis or their carbonates, trimetallic salts are apt to form. 
Host of the dimetallic salts are soluble in water and crjstallisable ; they contain 
several atoms of water, which are given off at or above 150^ C. ; the ammonium- and 
silver-salts, however, become anhydrous at 100®. Those which contain colourless 
bases are themselves colourless. They have no action upon litmus. The TrwnomtdJic 
salts are produced by heating the dimetallic salts with about J of their weight of free 
chelidouic acid or a dilute mineral acid. If the acid is in excess, acid salts are pro- 
duced. The monometallic salts axe resolved by repeated recrystallisation into acid and 
dimetallic salts. The trimetallic salts are formed by treating the dimetallic salts with 
a caustic alkali or alkaline carbonate. Those which contain colourless bases have a 
fine lemon-yellow colour ; those which are soluble impart a deep colour to the water. 
Most of them contain several atoms of water, which are not given off at 100° C. They 
have no reaction upon litmus. They are decomposed by continued contact with water ; 
those of the atkali-metals absorb carbonic acid from the air and yield a dimetallic 
ehelidonate and a carbonate. 

The acid chelidonates crystallise from the solutions of the dimetallic salts in hot 
hydrochloric acid, in delicate needles or scales, which do not give off their water of 
crystallisation at 100° C. They redden litmus, and may be recrystallised, but give up 
their base when repeatedly treated with hydrochloric acid. 

Chclidonate of Ammonium. — A boiling dilute solution of the 

.iicalcic salt neutralised with carbonate of ammonium, filtered and evaporated, yields the 
ammonium-salt, on cooling, in snow-white silky needles. The solution abandoned to 
spontaneous evaporation, ultimately solidifies to a transparent mass, which when col- 
lected and drained on a filter, yields the ammonium-salt in long capillary crystals re- 
sembling a knot of the finest silver-white hair. It effloresces in contiict with the air, 
gives off 14*23 per cent. (2 at.) water at 100° C., and then exactly resembles sulphate 
of quinine. (Lerch.) It does not give off ammonia, either when exposed to the 
air at ordinary temperatures, or when heated to 100°. Heated above 160^, it turns 
brownish and gives off carbonate off ammonium ; the residue does not contain any other 
acid. By repeatedly evaporating the solution and redissolving the residue, it is 
converted into the acid salt. It does not form a trimetallic salt when treated witli 
carbonate of ammonium or caustic ammonia. (Lerch.) 

Chelidonates of Barium, — The triharyiic salt, + 6aq. (at 100°), is 

obtained by mixing a hot solution of the monobarytic salt with ammonia, precipitating 
with chloride of barium, and quickly washing the precipitate with water. It is a 
lemon-yellow powder which does not give off water at 100° C. It absorbs carbonic 
jtcid from the air, dissolves sparingly in water, not at all in alcohol. 

The monoban/tic salt, C’H*Ba"0'‘ + aq., is obtained by decomposing the corresponding 
calcium-salt with a soluble barium-salt, or by neutralising the aqueous acid with 
baryta or its carbonate. It is colourless, crystalline, and very brittle ; soluble in 
water. 

The acid salt, C'^H*Ba"0**.2C^H^O* + 4aq., is produced by dissolving the tribarytic 
salt in boiling hydrochloric acid. 

Chelidonates of Calcium .. — ^The iricalcic salt, C**H*CJi*0** + 6£^. (at 100°C.), 
is prepared by boiling the monocalcic salt with ammonia, or by decomposing the sodium- 
salt mixed with ammonia with chloride of calcium. It is a yellow amorphous powder, 
vei^ little soluble iu water, insnlublo in alcohol. 

The monocalcic salt, C^H^CV'O* + 3aq. (at 100°), occurs in Chdvdonium mqfus{^. 847). 
It crysrallises in silky prismatic needles, very little soluble in cold water, but easily in 
boiling water ; insoluble in absolute alcohol. The solution does not affect litmus. The 
Salt is not efflorescent, and does not part with its water of crystallisation below 160° 0. 

The acid salt, + 4aq., obtained by decomposing the preceding 

with hydrochloric acid, crystallises in zieedles. 

ehelidonate of Copper, — Green sparingly soluble prisms, obtained by evapo- 
rating a mixture of an alkaline ehelidonate with sulphate of copper. 

Chelidonates of /rcfi.— The aqueous acid dissolves iron, forming ferrous chdi- 
donate. 

Ferric ehelidonate, Fo*0*.C**H*0’*. — The solution of iron in chelidonieacid passes 
to a higher degree of oxidation during evaporation, and deposits a dingy yellow pre- 
cipitate. The disodie salt forms with aqueous sesquichloride of iron, a dingy yellow 
precipitate, somewhat soluble in acetic acid and in excess of sesquichloride of irop ; it 
does not diminish in weight at 100° C., ond if set on fire at one point, bums away 
with a sparkling light, leaving charcoal and sesquioxide of iron. (Lerch.) 

When ehelidonate of potassium is mixed with excess of sesquichloride of iron, the 
greater part of the ferric ehelidonate remains dissolved ; the pale yellow filtrato 
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gmdnillj asramea a darker colour, and ultimately becomes black-biowu and opaque^ 
but rccoreis its pole yellow colour after some time ; on heating the liquitl, the cliangea 
of colopr take i>lace more quickly. The dark brown liquid forms witli ammonia a 
rusty brown precipitate, which be^mes black when tri'aled with a hirgor quantity of 
ammonia^ probably fh>m formation of protoxide of iron. 

Ckelidonates of Lead, — A C**II*Pb*0'*.3Pb'0, is obtained by adding 

the diplumbic salt mixed with ammonia to basic acetate of lead. 

The tHflwnhie satU C'^H*Pb*0‘*, is produced by treating the dipbimbic salt with 
ammonia, or by mixing a cold solution of dicalcic cholidoiiate with basic acetate of 
leiul. Yellowish-white Hakes are then deposited containing 3 at. water (C**ir‘Pb*0‘*. 
3U®0), which is given oflf between 160® and 160® C., the salt then turning yollow. If 
the solutions are mixed at the boiling heat, the anhydrous salt is produced at once in 
the form of a lemon-3'ollow precipitate, darker in colour if mixed with Uie preceding. 
It is decolorised and decomposed by acids. Insoluble in water and in alcohol, soluble 
in lead-salts, 

The monoplumhic salt, C’II®Pb"0* + aq.,iAdepositcHl, on mixing the monocalcic salt with 
nitrate of lead, in small shining crystalline scales or slender needles, which are inso- 
luble in water, soluble in lead-sidts and in ordinary strong nitric acid, but not in fuming 
nitric acid. 

Ckeiidoiiate of Magnesium. — Efflorescent needles, obtained by neutralising the 
hot aqueous acid with carbonate of magnesium. 

(Jhtlidonates of Potassium. — The trijuitasnic salt is deposited in j’el low crys- 
tals from a solution of the dipotassic salt mixe<l with eaustm jx^tash. It Inis no alkidino 
reaction when pure, but absorbs carbonic acid from tlm air, and is converted into the 
c'otourloBs dipotassic salt, lloiled with excess of caustic potash, it yields ijxalate of 
iKitassium. 

The dipotassic salt is obtained by decomposing the dicalcic salt with carbonate of 
|>otasRium. 

A clslidonate of caltnum and potassium, C’nKCa"0* is obtained by mixing a con- 
cciilrateG solutiqn of the dicalcic salt with an equivalent quantity of carlHmato of po- 
tassium. In a veiy dilute solution, the lime is immediately procipitateil as car1>onute, 

Ckelidonates of Silver. — The iriargentic salt, C^JlAg*(>®, is obtained by ]>rccijn- 
fating the tricalcic or the dicalcic salt, mixed with ammonia, with nitrate of silver. It 
is a yellow very unstable precipitate. 

The duirgi'ntie salt, C’lI^AgH)*, is produced by dissolving oxide of silver in cheli- 
donic acid, or by pN*cipitating the dicalcic salt with nitrate of silver and heating to 
the lK)iling point. It then separdtes on cooling in long colourh^Hs needh's n^Hcmbling 
!ic(*tate of silver. It is permanent in the air at ordinary teniperaturi's, and is not 
alten'd hetween 100® and 200® C. ; decomposes with slight detonation between 140® 
anti 160°. It dissolves in water, ammonia, and strong nitric acid, but not in alcohol. 

Chdidonate of silver and ra/ci«w, C'*ir‘'Ag^(Ja"()''’*, is oblainoti by mixinga concentrated 
am moniftcal solution of tho dicalcic salt with a concentrated solution of nitrate of silver, 

a light yellow precipitate, which alters but little in drying, and is dwomposed by . 
M-afer only after long continued boiling. 

Ckelidonates of Sodium. — The trisodic salt has not been obtained in dcdiiito 
form. 

The disodic salt, CTPNaW + 4 aq., is prep.and by d^^roiMf^osing the dicalcic salt 
with carbonate of sodium ; care must be taken not to add loo large an c?xceH8 of tho 
latter, which would give rise to the simultaneous forniation of trisoilic ehelidonate, and 
H tnmetalllc salt containing both calcium and so<lium, a reaction which is immediately 
indicated by the jrellow colouring of the liquid. 

The disodic salt is very soluble in water both hot and cold, and is difficult to crys- 
tallise. By slow evaporation, however, small prismatic needles are obtained, winch 
effloresce slowly when oxposecl to air. They contain 21-10 |>er cent, water of crystal- 
lisation, of which 16*5 per cent, goes off^ at 100® C., the rest l>etwecn 160® and 160®. 

The monosodic salt, C^H*NaCP+ 2aq., is obtained in slender needles by treating tho 
disodic salt with chelidonic acid. 

The disodic salt treated with boiling hydrochloric acid, yields slender needles or 
scales, which appear to consist of an add salt, C^H*NaO*.CuI*0* + 3aq. 

CAelidonate of Strontium, — Slender needles obtained by dissolving the corbo- 
nate in ^elidonie acid. 

Ck eiidonats o f Zinc. — Obtained by saturating the acid with oxide of zinc ; it ia 
oyrtaUma, and has an acid reaction. 

CnaUMVaan. (?) (Oodefroy. J. Pharm. Dec. 1824; Probst» 

^n. Oh, Pharm. xxix. 123; Realing, ibid. 131 ; Will, ihld. xxxv. 113; Oerh. iv. 
210.)— An alkalotd contain^ in all parts of the Chelidonium mm us, especially in the 
VoL. 1 3 1 Vi/ 
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root It is obtained hy exhanatmg the root with water Midulated with sulpbunV 
aci^ precipitating by ammonia} dissolring the precipitate in alcohol ncidnlated Trith 
Bulphuric acid, 'reprecipitating by ammonia, and treating the residue with ether, 
which dissolves chelewthrine (sangninarine) and leaves chelidonine. To purify this 
product, it is dissolved in the smalleat possible quantity of water acidulated with suU 
pburic acid ; the solution is mixed with twice its volume of strong hydrochloric acid 
which, after a while, throws down a granular precipitate of hydrochlorate of chelidonine ; 
the precipitate is digested with ammoniacal water, which sets the chelidonine at liberty ; 
and the base thus obtained is crystallised from strong alcohol — or better from acetic acid'. 

Chelidonine crystallises in small colourless tablets, insoluble in water, solulde in 
alcohol and ether. It melts at 130® C. to a colourless oil, and dwomposes at a higlur 
temperature. The crystals contain 2 at crystallisation-water, which escapes entirtdy at 
100® C. According to Will’s analyse^ the base dried at 100® contains 67‘4 to 68*1 per 
cent. C, 6*6 hydrogen, and 12*2 nitrogen ; the formula C-®H**N*0* requires 68*8 (’, 
6*4 H, 12*1 N, and 13*7 0. Water of crystallisation, by analysis, 46*5 to 6*13; by cal- 
culation 4*91. 

Chelidonine dissolves readily in acids, forming salts which have a bitter taste and 
redden litmus. Its compounds with the weaker acids, such as tlie acetate, are ilrcom- 
posed by evaporation. Ammonia added to solutions of the salts throws down a bulky 
curdy precipitate, which after a while contracts into a granular crystalline mass. TIil* 
salts are likewise precipitated by tincture of galls. 

According to Probst, solutions of cholidonino are not poisonous. 

Hydrochlorate of chelidonine is crystallisable, and dissolves in 325 pts. of water at. 
18® C. The cMoropUitinate, 2(C®H>'>N*0».HCl).PtCl*. is a flocculent, afterwards 
granular precipitate, yielding by analysis 17’42 and 17'60 per cent, platinum, the 
formula requiring 17‘77. 

The nitrate is sparingly soluble in water ; the sulphate and phosphate are very solullo 
both in water and in alcohol ; all three salts are crystallisable. 

The acetate is obtained by decomposing the sulphate with acetate of barium: it is 
very soluble in water and alcohol, and dries up to a gummy moss. 

CKB&SBOirXNXC AOn. C»H'W? (Zwengor, Ann. Ch. Pharm. cxiv. 350). 
— ^This is anotlier acid contained in very small quantity in Chelidoniwit majus. When 
the decoction of tlio plant acidulated with acetic acid, is treated with neutral acetate 
[or nitrate] of lead, chelidonic acid is precipitated, and chclidoninic acid remains in 
solution ; and by treating the filtrate with basic acetate of lead, not in excess, deenm- 
posing the precipitate with sulphuretted hydrogen, evaporating the filtrate, extracting 
with ether, and again evaporating, cbelidoninic acid is obtaineil in hard, mamniollntctl. 
yellow crystals. It dissolves easily in water, alcohol, and etlier. and separatc.s from 
the aqueous solution in hard, white, anhydrous crystals, ha'inng the form of an oblitpu; 
rhomboidal prism. It has a strongly acid taste, decomposes carbonates, and dissolves 
iron, with evolution of hydrogen. It melts at 196® C. ; its vapour is extremely irri- 
tating. With nitrate of sUver^ it forms a wliite, crystalline, sparingly soluble preci- 
pitate. Nitric acid converts the acid into oxalic acid. Zwenger assigns to crystallised 
cbelidoninic acid the formula C**/f“0**; it may perhaps be or 

2C*H**0" H«0. 

CB8XiZD03KA2raBXXra A yellow bitter substance contained in the root, leaves, 
and flowers of ChvUdonium majus. It is obtained by precipitating the juice with sub- 
acetate of leaih decomposing the precipitate with sulphuretteil liydrogen, and exhaust- 
ing the sulphide of le^ with boiling water. It crystallises in confused needles, but 
more fluently forms a yellow friable mass. It is sparingly soluble in cold, moderately 
aoluble in lioihng water. The solutions are yellow and veiy bitter, and are not altered 
•ither by acids or by alkalis. (Probst, loc, cit ) 

CBBMXOAXi AFmtrXTT. Chemical Attraction, Chemical Force, Elective At- 
iractUm, Elective Affinity; Ch^tnische Kraft, Vcrwandtschaft, WahlvenvandUchafi, 
WahIanciehtL^;Affinitaa, Aiiractio Meciiva; Affinith, — Affinity is that power by virtue 
of which bodies of dissimilar nature unite together to form compounds of definite con- 
atitution, which cannot be destroyed by mechanical agencies, and are, for the most 
part, dissimilar in properties to the elements from which they are produced. ^Vhether 
this force is of peculiar nature, distinct from all others, or only a modification of tho 
power which, under various circumstances, shows itself as light, heat, electricity, mag- 
netism, mechanical force, 65c., is a question still undecided. That it is intimately re- 
lated to heat and electricity, is manifest from the whole range of chemical phenomena ; 
indeed no chemical change can take place without a corresponding alteration in the tem- 
perature and electrical state of the l^ies ooncemed. The conclusion to which the pro- 
gress of diicoveiy appears to tend, is that chemical action, heat, electricity, and all 
other manifestations of force result from certain movements in the ultimate particles ot 
bodies, and are acconlingly convertible into the other. This idea will be ftirtber deve- 
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loped id the articles HBiLT, Lioirr, and Elbotsicity ; for the present, while we are 
treating of phenomena purely chemical, it will be com'cnient to speak of affinity as if it 
veie a distinct force. 

The terms affinity and chemical combination are not used by all writers in exactly 
the same sense. L. Gmelin defines tMnity as “the power by virtue of which bodies 
of diasimilar nature combine together into a whole, which apiK'ars perfwtly uniform to 
the senses, even when assisted by the most powerful instruments” {J/andinfok, i. 33), 
Accordingly he applies it to mixtures of liquids, as of alcohol and water, alcohol and 
volatile oils, dec., and to solutions of solids in liquids, as of salts in w'ater, resins in 
alcohol, &c., as well as to combinations in definite proportion. Most chemists, how- 
ever, make a distinction between mixtures and solutions on the one hand, and com> 
pounds formed in definite proportions on the other, restricting tlie term “chemical 
affinity” to the force, whatever it may l>e, that is concerned in the formation of the 
latter. In favour of Gmeliii’s view, it may be alleged tliat mixtures of liquids and so- 
lutions resemble chemical compounds, commonly so called, in these respt‘c1s, that they 
are perfectly uniform in colour, density, n.»fractivo power, and other pliysical characters, 
and that the force which holds the heterogenous particles togetlier in them is sufficient 
to resist any tendency to separate arising from difference of deiiHity (c. 7. a mixtm*e of 
water and alcohol, never separates into two layers, like oil and water), and cun only be 
overcome by the same means as are applitMl to the destruction of the more intimate kind 
of combinations, viz. heat, or the superior affinity of anotlier 8ul>stanee, us \vhen resin 
is precipitated from its solution in alcohol by addition of water, or carbonate of jwtap- 
sium from its aqueous solution by ulcohcd. 

There are, liowever, several well marked chanicterx by which chemicxil combination 
of the more intimate kind, such as that of oxygen ajul hydrogen in water, hydrogen 
and nitrogen in ammonia, sulphur and mercury in ciiiimbar, &e., is distinguished from 
mere mixture or solution. Tlieso distinctions relate to the j>ro|K)rtions in which the 
constituents of the compound are united, to the chimu'ter of the compound, and to the 
circumstances attending its formation and decomposition. 

1. As regards proportion. Mixture and solution follow a law of continuity. Mis- 
cible liquids, such as alcohol and water, may bo mixed in any proportions whatever, 
and a solid dissolves in a liquid in all projiortionB, up to a cc'rtain limit, the j>oint of 
saturation : but chemical combination, properly so called, takes place in c i*rtain definite 
pro|>ortion8 and no others. Thus hydrogen and chlorine unite only in the ratio of I pt. 
by weight of liydrogen to 35*5 pts. of chlorine; oxj'gen and eapbon, only in the ratio 

6 pU. carbon to 8 and 16 pts. oxygen ; nitrogen and oxygen, as 14 pts. nitrogen to 
H. 16, 24, 32 and 40 pts. oxygen ; lead and oxygen as 103*6 lead to 8, lOJ, and 
16 pts. oxygen, mercury and sulphur as 100 mercury to 8 and 16 pts. sulphur, «c. &c. 
In all cases, indeed, the number of compounds formed by any two elemioits is definite, 
and combination never takes place in any intermediate [)m|wrtions. 

The law which regulates the proportions of the several compfiiinds of the same two 
bodies is called the “Law of Multiples,” and may be thus expi’e.sse<l r The sevenU 
proportions in which two bodies, A and B, unite, may l)o reprcHcntcd by the forrnuho 
A + B, A + 2B, A + 3B, . . . A + «B, or 2A + 3B, 2A 6B, . . . 3A + 1 It, ... or in 
general tmA + nB ; where m and n are integer niinibers in iinmf cjis«*H not exccMMling 7, at 
least in inorganic compounds.* We have seen in the nrtifli' Atomic Wnioins (p, 462), 
that it was the observation of these proportions wliieli Ie<l Ihilton to the i<lea of the 
hiomic theory. In short, if tlie ultimate atoms of the sevjTxd elenif'iitH be supposed to 
possess certain invariable relative weights, and to unite and form chemical compouncls 
ny simple juxtaposition, in the proportion of 1 : 1, 1 : 2, 2 : 3, &e., the law just enun- 
ciated follows os a matter of course. It is possible that the distinction between true 
chemical combination and mixture may be found in this: that combination taki'S 
place between ultimate atoms ; mixture between the physical inoleciib-s of bodies, which 
are complex aggregates of atoms. 

2. As to the cUs^acter of the produot . — The properties of a mixed liquid, as the colour, 
taste, specific gravity, refracting power, &c., arc always iiitennediatc between tliose of 
its components. In solutions also, the dissolved body imparts to the solvent its taste and 
colour, in proportion to the quantify dissolved, the density of the solution also increasing 
regularly an d continuously with the amount of solid matter taken up; but deflinte 
chemical compounds generally differ altogether in physical properties from their com- 


• The GOinbtDint propertlon* of the elements of organic compmnids are by much more 

enrnfdrx Uws. In the series of fatty acids, for example, we find the same "M;*/ “J* 

•aaoclated with Sw 2x3. 4X3, 6x3, ... 30X3 |>ait< of rarlion ; and If, in stumiou to ’*** 

aider the various rroportloos of C, H, N. and O, existfag m the nu'nerims ju ries of orifaiilc bmllM. , 
*nay (kirljr be eoncltued that the consiitutlon of these bodies would nev**r hare stiggested the 
multiples' as above stated. Indeed, it Is only by intr<Mluc«ng th- liyp«tlif^‘i of 

the composition of oraanlc bodtss can be asshnitib'd to that of inorgnnit compounds. (Sec Osoahio 
COM rooxos and BaufcLSS.) 
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ponents. with regard to colour: yellow sulphur and grey merdf^ produce red 

cinnabar ; purple iodine and grey potassium yield colourless iodide of potassium * 
purple iodine and grey lead form bright yellow iodide of lead ; the colours of metallic 
oxides bear no relation whatever to uiose of the metals themselves, and the compoumla 
of metals with chlorine, iodine, and other salt-radieles, are for the most part tninm 
parent, though the metals themselves are opaque. Again, we find organic compound.'* 
exhibiting an endless variety of colours, formed by the union of elements which in the 
free state have no colour at all. The density of a compound is veiy rarely an exact 
mean between that of its constituents, l>eing generally higher and in a few cases lower; 
and the taste^ amell^ ref racting fusibility^ volatility^ conducting power for 

and electricity^ and other physical properties, are not for the most part such as would 
result from mere mixture of their components. It must not of course be undersfootl 
that the physical properties of compounds are not related to those of their components 
by any regular laws. Definite relations doubtless exist, and will one day be discovered : 
indeed, the regular gradations of boiling point, atomic volume, &c., exhibited by the 
terms of homologous series of organic compounds, aflford striking examples of them; 
still it is generally true that the properties of a definite compound are not interme- 
diate between those of its components, as in a mixture or solution. 

3. As to the phenofnena which accompany the formation and decomposition of chemi- 
cal compounds, especially as regards temperature. Chemical combination in definite 
projwrtions, is always attended with evolution of heat, sometimes amounting to vivitl 
combustion, and decomposition is accompanied by absorption of heat and consequent 
reduction of temperature; whereas the men^ mixing of liquids takes place witlmut 
change of temperature, and the solution of a solid in a liquid, though partaking of the 
nature of combination, is attended with reduction of temperature, due to the passage 
if the body from the solid to the liquid state. So much is this the case, that a rise of 
temperature attending the contact of a solid and a liquid, may always be reganled hs 
an indication of the formation of a definite compound ; thus thcpo are many anhydrous 
salts, such as chloride of calcium and sulphate of copper, which l)eeome str<.>iigly lieati d 
by contact with water, being at the same time convertc'd into hydrates; hut tlie.'^o 
hydrates, in subsequently dissolving in the water, produce a considerable dt^grec of eoKl. 
(See Hbat.) 

The formation and resolution of chemical compounds are aI.*Jo attended with 
changes in the electrical state of their elements. Wlicther tlie direct combination rif 
two elements produces any electrical disturbance, is not perhaps clearly made out, on 
account of peculiar difficulties in the investigation of the phenomena (see Electuicitv) ; 
but the solution of a metal in an acid, which consists in the doeomposition of one 
compound and the formation of another, calls into action a large amount of electric 
force, which by certain arrangements, hereafter to be considered, may be made to take 
the form of an electric current. Conversely, an electric current, no matter how deve- 
l(^d, whether by chemical action, or by friction, or by magnetic induction, is capable 
of overcoming the ino.st powerful chemical combinations, and causing the elements to 
travel through the circuit in opposite directions, and finall}’^ separate at the poh's of 
the circuity No such effect is, however, produced on mixtures or solutions. Tho 
passage of an electric current through the solution of a salt, resolves that salt into 
its elements, but never causes it to separate from the water ns a whole. 

For these reasons, we shall restrict the term Cuemical Cumhination, to the forma- 
tion of compounds in definite pro|>ortion. and Affinity, to the force which is concerned 
in their production, and proceed to consider more particularly the circumstances and 
results of chemical combination and decomposition. 

Every elementary body is capable of uniting with others, and for the most part 
with evtery other. It is true that some of the coni|iound8, as those of earlmn with 
certain metals, of boron with silicon, selenium, and phosphorus, and of iodine with 
carbon, have either not been formed or are but imperfectly known ; but there can be 
little doubt of the possibility of their formation. The eouipoonds of fluorine with some 
of the other non-metallic elements are least known, on account of the difficulty of 
manipulating with fluorine in the free state. 

Componnda resulting from the union of two simple substances are called Unary 
otmpmnds of (kc first order; suck are the metallic chlorides, oxides, and sulphides, the 
chloridea of hydrogen, sulphur, phosphorus, &c. Now, these compounds are capable of 
uniting with each other in various wai's like elementary liodies, and hence result com- 
pounds containing three or four elements, which may be regarded as binary compounds 
ef the sieond order ; such are double chlorides, KCl.'PtCl* ; oxygen-salts, as BaO.SO* ; 
sulphur-salts E^.As’^S^ ; hydrated chlorides CaCl-.61i'*0, dec.', and again these com- 
pounds of the second order may be conceived as uniting together to form compounds of 
the thM order ^ such as double salts, e.g. common alum, whiiffi contains sulphate of 
potassium and snlphato of aluminium, A1H>*.3S0*. Further than this, the 

power of combiiMiUon 41 ms not appear to extend. 
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Thw vnceessiYe building up of obemicul compounds In hmmry groups, 

ealled the JhuUistic I%eor^ is, howerer, not the only one that can be taken, or indeed 
that which accords best with the present stuto of knowled^. It is for. many reasons 
Iwtter to regard all compounds, whether containing two, throe, or more elements, as 
constituted according to certain typical forma ; for example, chlorides, iodidca, bro- 
mides, aiKl cyanides, as formed on the ty|>® of hydrochloric acid IICl ; acids, bases, 
and salts containing oxygen or sulphur, scleniuinn or tellurium, as formed on the 
type of water HH.O, &c. This is called the Unitart/ l.'htor'y, (See Oj.assification, 
Aadicles, Substitution, Types, and the various articles in which particular com- 
pounds are described.) It is true, indeed, that oomoounds containing thrt*e or more 
elements may, in many instances, be. formed b 3 - tho-nircot union of buiary compounds 
of the first order; thus double chlorides and iodides are fonned l)y fusing together the 
component simple chlorides, or by mixing their aqueous solutions and leaving them to 
ciystallise ; sulphur-salts, such as Na^'S.As'-'S*, by fusing togetlier the simple sulphides ; 
oxygen-salta also, in some instances, by heating together the so-calIe<l anliydrous 
acid and the base; thus boric anhydride and magnesia fused togetlier in the proper 
proportion form Iterate of mugnesium. ;iMg"0.1tH)* or 3Ig*(lU)*)*; and anhydrous 
banta heated in vapour of sulphuric aiihydri«ie, Imms ami forms sulphate of barium, 
Ba'^O.SO* or Ba'^SO*. But it by no means follows that the arrangement of the atoms 
in the resulting compound must bo tlio same as in tho simpler compounds fnim w^hich 
it is formed ; thus, w'hilo the mwle of formation of sulphate of barium just mentioned 
would lead to the siipfKisition that it is Ba'O.SO*, other modes of fonnation, and 
most of ita reactions, indicate rather that its ct)nstitution is reprosontod bv the 
formula Ba".SO* or SO^.Ba",0“. 

These observations apply chiefly to inorganic compounds. Organic bodies, with 
the exception of cyanogen and tho hydrocarbems, all contain at least three ideinents, 
101*1 tho dualistic view of the building up of compounds by pairs cannot be applied 
f*> them at all, excepting on the supposition that they contain certain compound 
radicles, fiucli aa 0^11*, lunzoyl^ C^JI*'0, &c., wliich play the saiiio part as irietalH in 

inorganic compounds, uniting like siinide radicles, with oxygi'ii, chlorine, bromine, &c. 
With the help of these radicles, some of which have been obtained in tho free state, 
the con.^titution of the l>est known organic coin^xiunds, such us tlio alcohols, ethers, 
ahlehydcs, acetones, and their derivatives, may bo usuiniilated to that of inorganic 
curn]>ounds, and represented either on the unitary or tho duulistic view. 

Formatkm and Decomposition of Chtmncal Compoundu, 

Ao chemical combination involvi^ a total change in the arrangement of the atoms of 
the combining bodies, it is clear that cohesion, which tends to hold tljem in certain fixed 
jiosilions, must be opposed to chemical union, and on the coiilrai^, any thing which gives 
mobility to the particles of the two bodies, and enjibles them to intermix and approach 
witliin small distances of each other, such us pulverisation, and more especially lique- 
fiwtion, must tend to promote it. 

a. fjenerally speaking, onr. at hast of the cowhining bodies must he either in the liquid 
or in (he gnseovs state, and if it be not so at ordinary temfwratures, it must be brought 
into that state by elevation of tenija^raturc. iSolid bodies (other do not combine at 
all, or their combination is attended with great difficulty, because, from tho immobility 
of their particles, their }siintH of immediate contact are, luit f*;w, and the exceedingly 
thir film of compound which may Ik.* formed at such |K>int8, acts as a partition to pre- 
vent further contact and coriHt*(juently further combination. But by continued rubbing; 
which renews the points of eoiitsict, more complete eombinatioii may often be effected : 
in this manner, finely divided copper may bo made to combine with sulphur, the com- 
Vnnatiou being even attended with rise of fcrrijicrature. If, on tho other hand, the 
compound formed by the two wdids is itself fluid, its mobility gives riso to continu- 
ally renewed contact, and combination goes on. Thus ic«* under C. iinlfes with chlo- 
ride of sodium and other salts, and solid amalgam of lend wit h solid smalgani of bismuth. 
Crystallised oxalic acid and lime may be made to combine by rubla'ng (hem together, 
Ifeeause the acid contains more w’ater of cr^'stallisation than the oxalate of calcium 
produced is able to take up : hence, at the beginning of the action, a little water is set 
free and dissolv(» the oxalic acid. In some cas<*s it is sufficient to heat one of tha 
solid bodies till it softens : thus iron surrounded with charcoal and heated to white- 
ness is slowly penetrated the charcoal {Cementation), When, in constKjuenee of one 
or both bodies being in the fluid state, combination takes place at tho ordinaiy tempera- 
ture or a little above it, it is called solution in the wt t wag ( Solutio ma humida) : if a 
hi^er temperature is required, the process is called solution in the dry way, fusion 
{oolutio via sicca, Confusio), 

K Even if one or heeth of the bodies be in the fluid state, a higher temperature ie 
often necessary to effect the comhination. 
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Melted sulphur will not combine with calrbon; the sulphur must l^hraght in the 
state of Tapour into con tact with red*>h6t charcosX although the elasticity of the vapour 
might rather be expected to interfere with the combination. Neutral carbonate of 
of sodium, in the efflorescent state absorbs carbonic acid very slowly at first, but more 
and more quickly as it gets heated by the absorption, and ultimately with great 
violence. Charcoal requires to be heated before it will bum in 'oxygen gas, that is, 
before it will combine with the oxygen. At ordinary temperatures, oxygen may be 
mixed with hydrogen and other inflammable gases without combining with them, but 
at a red heat, combination takes place immediately. In this case both bodies are fluid, 
and we might expect that heat, by increasing their elasticity, would rather oppose than 
favour the combination. The manner in which heat acta in such cases is not precieelv 
understood ; hut its effect is probably due to the increased rapidity of movement which 
it gives to the particles. (See Heat.) 

c. In some cases, light has the same effect as an elevation of temperature ; thus 
chlorine, under the influence of light, unites directly with hydrogen or carbonic oxide. 

d, Mectricitg likewise favours the combination of many substances, especially of 
gases, acting chiefly, perhaps, by elevation of temperatura In this manner the com- 
bination of oxygen with hydrogen, carbonic oxide or carburetted hydrogen, and of 
chlorine with hydrogen, is easily brought about 

e. In some instances, the expansion of gaseous bodies favours their combination with 
others. Phosphorus undergoes slow combustion in oxygen gas, however low the tem- 
perature may be, the action going on more quickly as the gas is more rarefie<l ; a mixture 
of oxygen and non-inflammable phospboretted hydrogen gases explodes on expansion. 

f, Ae presence of a solid bodg^ particularly a m<*tiil, having a great extent of 
surface, likewise causes, sometimes at ordinary, sometimes at slightly elevated tem- 
peratures, the combination of oxygen with inflammable gases and vapours, M'hieli 
would otherwise take place only at a red heat. Tliis property is most strikingly ex- 
hibited by platinum ; the more finely divided the platinum, the stronger is its action. 
When the combination of oxygen with inflammal>le gases take place at its surface, the 
heat developed raises its temperature and thereby increases its activity, till at length 
the metal becomes red-hot and then sudden combination occurs. Platinum appears to 
condense gases, particularly oxygen, on its surface, whereby the heterogenous atoms are 
made to approach one another and combine. A similar power is possessed by charcoal 
and other porous bodies (p. 761). 

A body in the act of chemical combination often exhibits the power of inducing the 
same kind of activity in another body and causing it to combine with a third lK)dy, 
thereby forming a compound which, under the existing circumstances, would not have 
been formed without the presence of the first body (Liebig, Ann. Ch. Phnrm. xxx. 
262), Nitrogen gas does not by itself combine with oxygon, oven when heated ; but 
if a mixture of nitrogen and hydrogen be set on fire, the hydrogen burns, producing 
water, and a portion of the nitrogen combines at the same time with oxygen, producing 
nitric acid. Pure copper does not dissolve in dilute sulphuric acid, but when com- 
bined with zinc and nickel (in German silver), metals which decompose acidulated 
water, or when combined with three times its weight of zinc only, it dissolves com- 
pletely together with the other metals. Platinum when alone docs not dissolve in 
nitric acid, but when alloyed with silver it becomes soluble in that acid. 

Chemical compounds may he formed, either by direct union of their elements, or by 
substitution of one element for another in a compound previously existing. 

Oxygen unites directly with most other elements, either at orainaiy or at elevated 
temperatures ; so likewise do sulphur, chlorine, iodine, and bromine. Hydrogen nnitea 
directly with oxygen and chlorine at elevated temperatures, with the latter also at 
ordinary temperatures, under the influence of light ; nitrogen shows but little tendency 
to unite directly with any other element; phosphorus unites readily with oxy^n, 
chlorine, iodine, and hromino at ordinary temperatures ; with sulphur and seleni^ 
with aid of a moderate heat. Carbon, at high temperatures, unites directly vrith 
oxygen, sulphur, and many metals, not with any other element Boron and Mirium 
combine directly with oxygen at ordinary temperatures, if they are in a state of 
minute division, more easily when heated ; with other elements they exhibit little or 
BO power of direct combination. Metals unite directly with oxygen, sulphur, selenium, 
chlorine, bromine, and iodine, sometimes at ordinary, sometimes at higher tempera- 
tures ; in some instances also with phosphorus and with carbon. Alloys of definite 
oonstitution are also frequently produced by melting different metals together, though 
the greater number of such piquets are merely mixtur^ 

It has been already mentioned that compound bodies can unite with one ^another 
directly, forming new bodies of more complex constitution. These oombinations are 
Munetimes very aneigetic; as that of anhydrous baryta heated in the vapour of sul^ 
phuric anbydnde, which is a true case of combustion. 
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Altogetli^ l ibwerer, the ciwob in which i^mpoundH are formed by direct tinion of 
elenienta is snudl compared with that in which new compounds result from the trans* 
formation of othero previously existing. Such transformations may be effected in 
various ways, 

L Bv heat^ which may either expel one or more of the dements of the ortguiol com- 
pound in the free state, leaving the rest in new form of combination, or may cause 
the whole of the elements to arrange tliemsdves in the form of new compounds.—^ 

1. Chlorate of potassium, KCIO*, ox^aed to a full rod heat, gives off the whole of its 
oxygen, and is converted into chloride of ^xitassium, KCl. Similarly with other chlo- 
rates, also with bromates and iodutos. Many metallic oxides aud sulphides, when 
lioatM to redness, give off part of their oxygen or sulphur, and are reduced to lower 
oxidoa or sulphides. — 2. Chlorate of potassium oxjwsea to a degree of heat less than 
sufficient to expel the whole of the oxygen, is resolved into perchlorate and chloride 
of potassium: 3KC10* == KCl + 2KCIO* + O. Nitrate of ammonium, m 

resolved by heat into water, 2 IPO, and nitrous oxide, N*0. To this head likewise 
Ixtlong th6 numerous transformations of organic compounds, resulting from dry or 
destructive distillation. 

II. By electricity, --TYie action of the electric current on chemical compounds, either 
in the fused state or in solution, gives rise to an endless variety of new products. In 
some instances, the elemetilo of a compound are eliminated by eleetrolysis in the ffeo 
state, as when water, hydrochloric acid, or certain metallic oxides, chlorides, or iodides 
are subjected to the action of the current; fr<*(]uently, however, the olcmeuts arrange 
themselves in new combinations. We shall consider this subject moro fully under 
KuttCTBiciTT ; at present we w'ill merely mention the formation of peroxide of lead at 
the positive pole, when a solution of nitrate or acetate of lead is clectrolysod ; the evo- 
lution of arsenettod hydropm in the electrolysis of aqueous arsenious acid ; and the 
decompositions of acetic aci<i and other fatty acids, into aJcoLol-radiclos, liydrocarbons 
of the marsh gas series, carbonic anhydride, and hydrogen. 

III. By the action of another ^uhelance^ eimph or compound, 

a. The decomposing substance is an element for a compound acting as sucM, and 
takes the place of one element of the compound, whicli is thereby eliminated. This is 
iSlMCLE iSrnSTlTIJTIOK. 

Zinc decomposes liydroehlone acid, Iini. forming Zn^CP, and oxpolling hydrogen. 
PoUissium docompose.s water, IIHO, ex))clling liulf the hyilrogen, and forming hydrate 
of potas-nium, KHO. Chlorine decomposes bromide of silver, forming chloride of 
silver and eliminating bromine. Metals in numerous instances displace other metals 
from solutions of their salts, e.y, iron decomposes nitrate of copper, forming nitrate of 
iron and a deposit of copper. Silicic anhydride, SiO* decomposes carbonate of soda^ 
Na*O.CO*, expelling carbonic anliydride, and forming silicate of soda, Na'O.SiO*, 
though not exactly in the proportion here itidicateil. Poric anhydride, B*0*, heated 
with hydrate of barium exjicla 3 atoms of water, and forma borate of barium: BK)*-r 
3(IP0;Ba"0) = 3Ba"0.B20* + 311*^0. 

b. The acting body sometimes enters into combination with both elements of the 
compound, or with the compound as a whole. 

Sulphide of carbon burnt in oxygen ptwluces sulphurous and carbonic anhydrides. 
Hydrocarbons and organic compoumis in general yield, by combustion, carbonic anhy- 
dride and water. Chlorine converts metallic sulphides into chloride of sulphur and 
metallic chlorides. Chlorine passwl into water forms hydrochloric and hypochlorous 
acids; it decomposes metallic oxides in like manner, forming with mercuric oxide, 
lfg"0, for example, chloride of mercury, Hg^Cl*. and hyprichlorous anhydride, C1*0. 
tSometimes only one compriund is formed : as when a metallic sulphide is heated in the 
air and converted into a sulphate: Cu"8 -i- O’ — Cu"SO* ; or again, when phos- 

phorotted hydirjgen, PIP, is oonverted by combustion into phosphoric acid, P11*0*. 

c. The substance by which the compound AB is de.composcd, is itself a compound 
CD, and the transformation consists in an interchange of elements, whereby the two 
new compounds AD and BO, are prodneed. This is Doijbui DbcompositiOIC. It is the 
most frequent of all kinds of chemical action, and, as we shall presently explain, may 
be regarded as typical of the rest. Instances of it may be adcluced without number, 
such as the mutual decomposition of neutral salts, c. g. chloride of barium and sulphate 
of copper; nitrate of silver and chloride of sodium, &c. Also^ihe decomposition of 
metallw oxides by acids, resulting in the formation of chlorides, iodides, sulfides, 
and osj^gen-salts : tlius, with hydrochloric acid and oxide of copper; 

Cu'O + H*C1» - Oi"CP + H*0; 
hydiDehlme acid and hydrate of potassium : 

KHO -r Ha - Ka ♦ HHO; 
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Bvlpliydric acid and oxide of lead : 

H*S + Pb"0 = H*0 + Pb'TSL 
Bnlpliuric acid and protoxide of iron : 

H*SO< + Fe"0 - Fe"SO* + H*0; 
sulphuric acid and sesquioxide of iron : 

3H*S0« + Fe*0* « Fe*(SO*)^ + 8H*0. 

Similarly when compound radicles are concerned, as in organic compounds ; e, g, the 
formation of water and chloride of ethyl hy the mutual action of alcohol and bydi^ 
chloric acid : 

+ HCl - C«H‘C1 + HH>; 

of ethylsulphurie acid and water, from alcohol and sulphuric acid : 

of thiacetic acid and phosphoric anhydride, from acetic acid and pentasulphlde of 
phosphorus ; 

) + P«S* - 6 ^ i«o., 

of ethylamine hy the action of hydrate of potassium on cyanate of ethyl : 

Cyanate of Hydrate Carbonate KthyU 

ethyl. of potaiio of pot as- amine. 

•lum. ftium. 

In some cases, the decomposition of a compound, AB, is ejected by the joint action 
of two substances C, D, not previously combined ; as when an oxide, alumina, for ex- 
ample, is decomposed by the joint action of chlorine and carbon at a red heat, yielding 
a chloride and carbonic oxide : 

A1*0’ + Cl« + C» = Am* SCO. 

Sometimes, instead of the two new compounds AD, BC, being produced, only one 
such compound, AD, is formed, the elements B C being either set free or entering into 
other combinations. Thus when chloride of ammonium is decomposed by quick lime, 
the products should be chloride of calcium and oxide of ammonium ; but the latter 
is immediately resolved into ammonia and water : 

2NH^C1 + Ca"0 « Ca"Cl* + (NH*)*0 [- 2NH* + H‘0], 

Aluminium and other triatomic metals do not form carbonates: hence, when a 
salt of aluminium is precipitated by an alkaline carbonate, the precipitate consists, not 
of Cfiurbonate of aluminium, but of alumina (hydrated), while carbonic anhydride is set 
free: 

Al»Cl* -*■ 3Na*CO* - 6NaCl + A1»0» + 3CO». 

Many peroxides heated with hydrochloric acid yield water, a protochloride of the 
metal, and free chlorine, the metal not forming a chloride analogous in composition to 
the peroxide : 

MnO» -I- 4HC1 » 2H*0 + Mn 'Cl* + Cl*. 

In many cases, one or both of the new products, AD, BC, enters into combination 
with an undecomposed portion of one or both of the original compounds, the pardcnlar 
products formed depenmng upon the proportion in which the original substances are 
present, and on the circumstances of the experiment. Thus, when sulphide of carbon 
IB decomposed by potash, the immediate products are sulphide of potassium and 
carbonic anhydride ; but these unite with portions of the original substances, forming 
carbonate and sulphocarbonate of potassium : 

3CS* 3K*0 - K*O.CO* + 2(K*S.CS0. 

Sulphide of anrimonyfused with potash, yields at first sulphide of potasaiiim and oxide 
of antimony; bat the final products are oxysulphide of antimony and solphantammute 
of potasBinm * 

8Sb*S» + 3K*0 - 6b*0*JSb*S* + 8K*a.Sb*S>; 

but when 4 at. trisulphide of antimony are fused with 7 et. potash, the pvodnets are 
2 at. anlphantimonite and 1 at. acid antimonite of potassium : 

4Sb*S* + 7K*0 - 2<.3K*S3b*S»j -i- K*0.2Sb»0*. 
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Xt.]ui9 bten staled that double decomi^ition ma;^ be yieived as a of 

ehemisai aetSon in general ; in fact, all cases of simple substitution, and OTen of the 
{Uiect aoion of tvomments, or the separation of the elements of a binaij compound, 
m a y be Tiewed as double decompositions, provided we make certain suppositions re- 
specting the eoDstitution of elements in the free state. 

There are man/ eonsidetations which tend to show that the atoms of an element aiy 
body, or of a compound radicle in the tree state, are associated by pairs in a siinihir 
manner to the heterogenous atoms of a binary compound ; that is to say, a molecule 
of free hydrogen consists of HH, and a molecule of free ethyl of just as a 

molecule of hydrochloric acid consists of HCl, and a molecule of chlorido of ethyl of 
C*H*.CU In •the voltaic circuit, the metallic conductor exhibits in many respects the 
same phenomena as the electrolyte, both parts of the circuit becoming heated, and 
both producing the same deflection of a magnetic needle placed near them : lienee 
it may be inferred, that the metallic conductor consists of a series of similar particles 
'polarii^ in pairs, just as the electrolyte consists of a scries of iieterogencous particles 
thus polaris^ in a circuit composed of ainc, platinum, and hydrochloric acid, 

the electrolyte may be regarded as oonsisting of CIH CllI CllI . « . and the 

— •«- -.-I- 

metallic part of the circuit of ZnZn ZnZn ZnZn . . . PtPt PtPt . . . the entire 
circuit being thus made im of atoms in opposito polar states. This, as will be more flilly 
explained in the article ^m^ectricity, is the most satisfactory idea that can bo given 
of the phenomena of elcjctro-chemical action. 

But there are also considerations purely chemical which tend to tlie same conclusion. 
Many instances of chemical action are known, in which two atoms of an olemciitary 
body or compound radicle unite together at the moment of chemical change, just like 
heterogeneous atoms. 

Thus, when hydride of copper, Cu’II®, is decompostnl by liydrocliloric acid, cuprous 
cliloride is formed, and a quantity of hydrogen evolved, equal to twice that which is 
contained in the hydride itself: 

Cu*H* -f 2HC1 - Cu’Cl* + n»Il*. 

This action is precisely analogous to that of hy<lrochlone acid on cuprous oxide: 

<Ui»0 + 2HCI « CVCl* + IPO. 

In the latter case, the hydrogen separated from the liydrocliloric acid unites with oxy- 
gen ; in the former, with hydrogen. Wlicn solutioiiH of sulplmrous and suIx>liydrio 
acids are mixed, the whole of the sulphur is precipitated : 

SO» + 2IPS = 2IPO + as*, 

the action being similar to that of sulphurous acid on sclenbydric acid : 

SO* ^ 2lPSe - 2U*0 + aSo*. 

In the one case, a sulphide of selenium is formed ; in the other, a sulphide of sulphur. 
The precipitation of iodine, which takes place on mixing hydriodic with iwlic acid, 
aflfirda a similar instance of the combination of homogenous atoms. Tlie reduction of 
certain metallic oxides by peroxide of hydrogen, is another striking example of this 
kind of action. When oxide of silver is thrown into this liquid, water is formed ; the 
silver is reduced to the metallic state ; and a quantity of oxygen is evolved, equal to 
twice that which is contained in the oxide of silver. It apjatars, indeed, os if atoms 
could not exist in a state of isolation. An atom of an olcDuuitary l>ody must unite, 
either with an atom of another element, or with one of its own kind. 

Similar phenomena are exhibited by the alcohol-radicles: thus, when zinc-ethyl and 
iodide of methyl are heated k>geflicr, double decora pfjsit ion takes place, the products 
being iodide of zinc and methyl-ethyl : > 

Zn''(C*II»)* + 2(CH*.I) « ZiiP + 2(CU*.C*11») ; 
and when zinc-ethyl is heated with iwlide of ethyl, a precisely similar action takes 
place, but atterido^l with formation of free eChyl : 

+ 2{C HM) - Znl* + 2(C*ir.C*II»). 

In theflrat case, the ethyl separated from the io<line unites with methyl separated from 
the sine; in the second, it unites with another atom of ethyl. Tiie idea of the duality 
of the molecules of alcohol-radicles in Uie free state, is likewise in accordance with 
their observed boiling-points and vapour-densities. (See Aux>iroT^KAT>ici.xs, p. 96.) 

Further, elementary bodies frequently act upon others as if their atoms wc^re asso- 
ciated in binary groups. Thus chlorine acting upon potash forms two compounds^ 
cbkride and hypochlorite of potassium : 

KKO + ClCl - CIK ^ CIKO ; 
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just as chloride of crfan^n would form chloride and cyanate Of potaaeium. The 
quantity of chlorine which acts upon an atom of potash, is not 1 at « 35'£, bat 
2 at » 70. Similarly, when metalhc sulphides oxidise in the air, both the metal and 
the sidphur enter into combination with oxygen. Sulphur acting upon potash forms a 
sulphide and a hyposulphite. Lastly, when zinc>eth^l is exposed to the action of 
chlorine^ iodine, &c., these elements unite separately with the zmc and with the ethvL 
thus: ^ 

Zn"(C*H*)» + 2C1C1 * 2C?H»C1 + Zn"Cl* 

From these considerations it appears that double decomposition, which is generallj 
understood as an action between four elements or groups of elements, nuiy likewise \ms 
supposed to take place in cases where only three elements or groups come into plav. 
In like manner we may regard ^as double decompositions even those reactions which 
are commonly viewed as the simple combination or separation of two elements, or as 
the substitution of one element for another. Thus when potassium burns in chlorine 
gas, the reaction may be supposed to take place between two atoms of chlorine and 
two atoms of potassium : 

KK + ClCl - Ka + KCL 

Again, the decomposition of cyanide of mercury by heat may be represented thus : 

Hg"Cy^Hg"Cy* = 2GyCy + HgHg. 

The simple replacement of one element by another may also be regarded as a double 
decomposition, by supposing the formation of an intermediate compound. Thus the 
action of zinc upon hydrochloric acid may be 8ui)posed to consist of two stages ; 

ZnZn + 2HCI » + Zn'Cl*, 

and Zn'W + 21IC1 « Zn"Cl* + 2HH. 

It is tjrue that the formation of the intermediate compound, the hydride of zinc, can- 
not be actually demonstrated in this case, because it is decomposed as fast as it is formed ; 
but in other cases, iho two stages of the action can bo distinctly traced. Thus, it is 
well known that hydrochloric acid does not dissolve copper ; but an alloy of zinc and 
copper, Cu*Zn, dissolves in it readily, with evolution of hydrogen. Here it may be 
supposed that the first products are chloride of zinc and hydride of copper, a known 
compound : 

Cu*Zn ^ 2HC1 - Cu*H» + Zn"Cl*; 

and that the hydride is afterwards acted upon by the acid in the manner already ex- 
plained. Again, when zinc and iodide of ethyl are heated together in a sealed tube, 
iodide of zinc and zinc-ethyl are obtained, thus ; 

ZnZn + 2(C»H‘)J « Znl* -i- Zn"(C*H*)*; 

and the zinc-ethyl, when heated with excess of iodide of ethyl, yields iodide of zinc 
and free ethyl (p, 867). 

It thus appciurs that all well understood cases of chemical action may be referred to 
one type, namely, that of on interchange of elements between two previously existing 
compounds. 

rf. The transformation of a compound is brought about by a substance which either 
remains unaltered, or at all events does not enter into combination w'ith either of the 
elements of the compound. This obscure mode of action, usually called Catafyns, or 
Contact^actiont is chiefly observed in the transformations of organic compounds, such as 
the conversion of sugar into alcohol and carbonic acid, and of alcohol into acetic acid 
under the influence of yeast; of starch into dextrin and sugar by the action of diastase ; 
the conversion of urea into carbonate of ammonium, by contact with animal mucus, Ac. 
The terms Catalysis and Contact-action ei^lain nothing, but as mere names they 
are sometimes convenient. Many decompositions formerly spoken of as catalytic, are 
now regarded as double decompositions, dependent on the polarity of homogeneous 
atoms (p. 867). 


Moffnitude or Strenffth oj Chemical Affinity, 

That the power which causes bodies to unite is exerted with various degrees of 
intmisity, is evident from the whole range of chemical phenomena. Chlorine certainly 
unites with hydrogen more readily than with nitrogen, and the elements of hydro- 
chloric acid are held together with frr greater force than those of chloride of nitrogen. 
If zine displaces copper from its solution in hydrochloric add, and copper cannot dis- 
place zinc from such a solution, we cannot resist the conclusion that the affinity of 
lino fbr chlorine in solution is gmter than that of copper. But does this show that 
the fbemer of these affinities is intrinsically and under all circumstanoes greater than 
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the latter? or may not the r^re eolubilitiei of chloride of rine and chloride of 
copper, or the oohesion of the metala themselTes, haTe something to do with Uie result? 
Or to state the question generally, does each element possess for every other a dis- 
tinct and specific aflinity or combining power, which is always the same, and liable 
only to be modified in its results by the circumstances under which the bodies are 
placed, — or is the affinity between each pair of elements itself a variable quanti^ 
dependent on pressure, temperature, solubility, volatility, the presence of other 
bodies, &c. dcc.r The older chemists answered the first part of this question in the 
affirmative. When they found a body A expeUing another B from its union with 0, 
tliey concluded that C had for A a greater affinity than for B. 

On this principle they formed what were called TaMca or Column% of AjfinHy^ of 
which the following may be taken us specimens, the soveral substances in each being 
disposed in the o^or of their supposed affinity for the body at the head of the 
column : 

Suiphur: 0; K and the other alkali-metals; Zu; Fe; Sn; Cu;Cl; H; C; Ph; 
Bi; Sb; Hg; Ag; Pt; CVS; MoS ; Au. 

Sulphuric acid: BaO; SrO ; K‘’0 ; Na’O ; Li»0(?); CaO; MgO: PbO; NH*; 
FcO; ZuO; NiO; CoO; CuO; AW; bVO». ' 

hfefaU: 0; F; Cl; Br; I; Se; P; H. 

A very slight acquaintance with chemical phenomena is, however, sufficient to show 
that those so-called Tables of Affinity are merely tables of tlie onler of decomposition 
under particular circumstances, and that the relative affinity of one body for two others 
is liable to change from a great variety of circumstances, sometimes even to be re- 
versed Thus, iron at a re<l lieat decomixises vapour of water, abstracting the oxygen 
and setting the hydrogen free, whence it might be inferred that the affinity of oxygen 
for iron is greater than for hydrogen ; but if hydrogen gas be passed over red-hot 
oxide of iron, water is formed and iron sot free, indicating an exactly opitosito order 
of affinities. In like manner, potassium heated in an atmosphere of carbonic anhydride, 
becomi^ oxidised and sets carbon free ; and on the other hand, charcoal strongly 
Iifate<l with jxitash, alistnicts the oxygen and sots potassium free. Carbonic anhy- 
dride precipitates silica from a solution of silicate of srxtiuin, and on the other hand 
silica heated with carbonat<^ of sodium, forms silicate of sodium, and liberates carbonic 
anhydride ; and similarly in numerous other cases. 

Wo must then look to other circumstances besides intrinsio force of affinity to do- 
t<‘rmine whether a particular reaction will take place or not. The most important 
of these circumstances are : 

1. The elasticity or the coltcsion of one of the resulting compounds, and its cfjn- 
soquent tendency to assume the gaseous or solid state, and thus to remove itself from 
the sphere of action. 

The examples just mentioned afford striking illustrations of the influence of vola- 
tility in determining chemical decomposition. Tlie tendency of the resulting fpis or 
va|x)ur to diffuse itself through the surrounding atmosphere, doubtless contributes 
greatly to the result ; thus, wlien ^ueous vapour is {>asscti over red-hot iron, the hy- 
drogen set free by decomposition of tho water is carricil forward by the current 
of aqueoua vapour, and tho iron is left free to act ufK>ii a frc‘sli portion. The infiucnca 
of cohesion is clearly seen in precipitations. It is, indeed, a grmeral law that if the 
solutions of two salts are mixed, and an insoluble compound can l>o formed from any of 
their elements, that comprmnd is sure to be produced and to separate from tho liquid. 
Hence the order of decomposition is frequently reversed by the nature of the solvent. 
Ariueons acetic acid decom|v)8es carlxmato of potassium, eliminating carbonic acid; 
but if the resulting acetate of potassium bo dissolved in alcohol, and carlionic acid 
gas passed through the solution, carbonate of potassMim is preci|>itated and acetic acid 
foisses into solution as acetic ether. A strong solution of caustic potash deoommwos 
carbonate of calcium, forming carbonate of potassium, and leaving linio undistolved ; 
but a solution of I pt, carbonate of potassium in 10 pts. of water, is deeomposed by 
agitation with lime, yielding caustic potash and carlmnate of calcium. A woA 
solution of sidphurous acid dissolves ic^ine, forming hydriodic and sulphuric acids, 
H*SO* -p I» + H*0 ■» 2HI + 11*80*; but if the quantity of water in the solution he 
diminished by evaporation, sulphurous anhydride is evolved and hydriodic acid con- 
*»iningiodine remains behind, 11*80* + 2HI » P + SO* + 211*0, 

2. T%e relative quantities of the acting suhetanofs, — That the relative degrees 
of afihiity of a b^y for a number of others to which it is simultaneously presented 

modified by their relative masses, was first pointed out hy Berthollet. 
law hud down by that philosopher respecting the action of masses, is this ; -—A 
to which two different suhstancee capable of acting on it ehemwally^ are prrsmted 
^ Afferent ^reportions, divides itself between them in the ratio of the products of their 
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reapeetive masses^ and the ohaolvU strengths of their affinities for the first bodg, TIim. 
if we denote bjr A and B the masses of the two bodies which are present in excess U 
a and fi the coefficients of their absolute affinities for the body C; and by a ami I 
the quantities of A and B which actually combine with C> the law just stated will bo 
expressed by the pioporti?n : 

a : b m, aA z fiB. 

If this Tiew be correct, any alteration, however small, in the relative quantities of A 
and Bt nmst jproduce a corresjponding alteration in the relative quantities of the tvo 
which unite with G That this is not the case under all circumstances, is shoMu by 
the following experiments of Bunsen and of Debus. ^ 

Bunsen’s experiments (Ann, Ch. Pharm. Ixxxv. 137), which were made in such a 
manner that all the phenomena of combination concerned in them took place simulta- 
neously, lead to the following remarkable laws : 

1. "V^en two OP more bodies, BB' ... are presented in excess to the My A, 
under circumstances favourable to their combination with it, the l>ody A always select a 
of the bodies BB' . . . quantities which stand to one another in a simple atomic 
relation, so that for 1, 2, 3 . . . atoms of the one compound, there are always formei 
1, 2, 3 . • . atoms of the other; and if in this manner there is formed an atom of the 
compound A B\ in conjunction with an atom of AB, the mass of the body B may l.e 
increased relatively to that of B\ up to a certain limit, without producing any altera- 
tion in the atomic proportion. 

When carbonic oxide and hydrogen are exploded with a quantity of oxy^ren ,„>t 
sufficient to burn them completely, the oxygen divides itself between the two gases in 
such a manner that the quantities of carbonic anhydride and w ater produced stand tc 
one another in a simple atomic proportion. The results of Bunsen’s experiments ani 
given in the following table, the numbers in which denote volumes ; 


Composition or Gaseous Mixture. 

Quantities of CO and H consumed 
by l>etouation. 

Ratio of 
tO: 11. 

72-67 CO 

. 18-29 H 

. 9-14 0 

12-18 CO 


6*10 H 

— 

69*93 „ 

. 26*71 ,. 

. 13*36 „ 

13*06 „ 


13*66 „ 


36*70 „ 

. 42-17 .. 

. 21*13 „ 

10*79 „ 


31*47 „ 


40*12 

. 4716 „ 

. 12*73 „ 

4-97 

• 

20-49 „ 

1 : 4 


The results were the same whether the explosion took place in the dark, in ditTiis* -' 
daylight, or in sunshine ; and were not affected by the pressure to wJiich the gaseouf 
mixture was subjected. 

The proportions of liydrogen and carbonic oxide consumed in those several experi- 
ments, coirespond with the composition of five hydrates of carbonic anliydridc, contain- 
ing, respectively: 

H®0.2C0*; H^O.CO’; 2H*O.CO*; 3H*0.C0*; 4H«O.CO*; 

but the results cannot be attributed to the a>ctual formation of these hydrates, inas- 
much as hydrates of acids containing several atoms of wat-er are incapable of existing 
at high temperatures. 

2; IVhen a body, A, exerts a redxunng action on a compound, BC, present in excess, 
so that A and B combine together and C is set free ; thin, if C can, tn its turn, exert 
a redueina action on the newly-formed comnoujtd, AB, the final result of the aetkm 
is, that the reduced portion of BC is to the unreduced portion in a simple atomic 
prytortion. 

In this case, also, the mass of the one constituent may, withoiit altering the existing 
atomic relation, be increased to a certain limit, above which, that relation undergoes 
changes by definite steps, but always in the proportion of simple rational niimbem 

When vapour of water is passed over red-hot charcoal, the carbon is oxidised and 
hydrogen is separated ; but the process does not go qn so far as the complete formation 
of carbonic anhydnde, but stops at the point at which I'VoL carbonic anhydride and 
2 voL cartonic oxide are form^ to every 4 vol. of hydrogen. 

I® the^imperf^ combustion of cyanc^en — the gaseous mixtere being so file diluted 
that it will but just explode, in order that the temperature may not rise too high, and 
the roB^t be consequently vitiated by the partial oxidation of the nitrogen — carbonic 
anhydride and carbonic oxide are formed, and nitrogen set free, likewise in Simple 
atomic proportion. A mixture of 18*05 voL cyanogen, 28*87 oxygen, and 63*08 
nitrogen; gave, by detonation, 2 voL carbonic oxide, and 4 voL carbonic anhydride tc 
2 voL nitrogen* 
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In tLe oomljufltion of mutnre of carbomc anhydride, hydrogen, and oxygon, in 
which the carbonic anhy^idh ia expoaod atthetjame time to the reducing action of the 
hydrogen and the oxiduing action of the oxygen, the reiluced portion of tlie curbonio 
anhydride ia likewiae found to bear to the unreduced portion. a simple atomic relation. 
In the combuation of a mixture of 8*52 carbonic anhydride. 70*33 hydrogen, and 21*15 
oxygon, the resulting carbonic oxide was to the reduced carbonic anhydride in the 
ratio of 3 : 2, After tlie combustion of a mixture of 4*41 vol. carbomc oxide, 2*96 
carbonic anhydride, 68*37 hydrogen, and 24*26 oxygen, the volume of the corhuiitc 
oxide converted into carbonic anhydride by oxidation, was to that of the residual 
carbonic oxide us 1 : 3. 

That these remarkublo laws had not been proviously observed, is attributed by 
llunsen to the fact that they hold good only when the phenomena of combination, 
which are regulated by them, take place 8imulUine<3iinly : for, even if a body A were 
originally to select for combination from the bodies B and C, quantities bearing to 
one another a simple atomic relation, hut the combination of A and B wei*oto take place 
in a shorter time than that of A and C, it would follow of necessity, that during the 
whole of the process, the ratio of B to C\ and therefore, also the atomic relations of 
the associated compounds, wouUl change, so that the observed pro|>ortion wouhl be no 
longer definite. The same result must follow if the bodies uhich arc combining side 
by side are not homogeneously mixed in the beginning. 

" With regard to the bearing of tiie.se results on Ucrthollet’s law, it might bo objected 
that, in some of the experiments, as in the eomhustion of a mixture of carbonic oxide, 
hydrogen, and oxygen, one of tlio products, viz. the water, is n nioved from tho sphere 
of action by condensation, and that the circumstances are therefore similar to tlio 
n'lnoval of an insoluble product by preci|>itiition. It is scarcely conceivable, however, 
tlmt a reverse action would take place, even if the gaseous mixture were to renuiiu 
at tlic temperature which exists during the combustion. Moreover, in tho decompo- 
sition of vapour of water by red-hot charcoal, the whole of the products remain in tho 
gaseous state. 

Debus (Ann, Ch, Pharm. lxxv.x. 103; Ixxxvi. 156; Ixxxvii. 238), has obtained 
results similar to those of Bunsen, by precipitating mixtures of lime iiml baryta-wuter 
with uijiieous carbonic acid, or mixtures of chloriilo of barium and cliloride of caU 
cium with carbonate of sodium. A small quantity of a very dilute solution of car- 
iKiiiate of sodium added to a liquid containing 5 pts. of chloride of barium to 1 pt. of 
chloride of calcium, tlirew down nearly pure carbonate of calcium ; but wlien tho pro- 
portion of the elilorido of barium in the mixture was 5*7 limes as great as that of the 
chloride of calcium, 2*3 pts. of tho former were decomfioKed to 1 |»t. of tho latter. 
JTence it appeal's tliat, in this reaction also, limits exist at which the ratio of tho 
affinities undergoes a smlden change. In these experinu nts, however, tho products 
arc immediately removed from the sphere of action, and the results are therefore not 
Comparable with those which are obtained when all tho suhstaiices present remain 
mixed and free to acttipqn caeh other. 

Tho latter condition is most completely fulfilled in tho mutual aclions of licpiid 
compounds, such as solutions of sails, when all the possible products of their mutual 
actions are likewise soluble; as, for example, when nitrate of sodium in solution is mixed 
with sulphate of copper. The question to be Holve<l in such cases is this. 8upposc two 
salts AB, Cl), the elements of which can form only soluble jinwhicts by their mutual 
interchange, to be mixed together in solution. Will these elements, according to their 
relative affinities, either remain in their original state of eombinniion, as AB and Cl), 
or pass completely into the new arningement AI) and CB ? — or will each of the two 
acids divitle itself botw'een each of the two bases, prcslaeing the four comoounds AB, 
AT), BC, BD? and, if so, in what manner will the relative quantities of these four 
compounds he affected by the original quantif ies of the two salts? Do the amounts of 
AD and CB, produced by the reaction, increase progressively with the regular increase 
of AB, as required by Berthollet's theory ? or do smldcn transitions occur, like those 
observed in tho experiments of Bunsen and Dobus ? 

The solution of this question is attended with considerable difficulty. For when two 
salts ia solution are mixed, ami nothing separates out, it is by no means easy to as- 
certain what changes may have taken jdace in the liquid. The ordinary methmls of 
oacertaining the composition of the mixture, such as concentration, mr preeipitaf ion by 
reagenta;^ are inadmissiblOt because any such treatment immediately afters the mutnsl 
telation of the substances present. In some cases, however, the inixfuw* of two salts 
is attended with a decided change of colour, without any separation of either of the 
conatitoents, and mch alterations of colour may affonl iialicHtioiis of the changes which 
take place in the arrangement of the molecules. This methml has been employed by 
l>r. Gladstone (Phil. Trans. 1865, 179; Chem. Sor. Qu. J. ix. 64), who has carefully 
examined the changes of colour attending the mixture of a great variety of salts, and 
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t]i€ XMlt» far the detennma^n of the effbct of muse in in^nencing cbemiea] 

Dr. CHadrtone^s principal cxperimentfl were made with the blood-red aolphocyanate 
of iron, which is formed on adding sulphoeyanic acid or anj soluble solphocyanato 
to a solution of a ferric salt. On mixing known quantities of different ferric salts with 
known quantities of different sulphocyanatcs, it was found that the iron wun 
completely conrerted into the red salt; that the amount of it so converted depended 
on tne nature both of the acid combing ^th the ferric oxide, and of the base com- 
bined with the sulphocyanogen ; and that it mattered not how the bases and acids had 
been combined previous to their mixture, so long as the same quantities were brought 
together in solution. The effect of mass was tried by mixing equivalent proportions 
of ferric salts and sulphocyanates, and then adding known amounts of one or the othr-r 
compound. It was found that, in either case, the amount of the red salt was increased, 
and in a regular progression according to the quantity added. Wlien sulphocyanate 
of potassium was mixed in various proportions with ferric nitrate, chloride, or siilphato, 
the rate of variation appeared to bo the same, but with hydrosulphocj^anic acid it 
different. The deepest colour was produced when ferric nitrate was mixed with suljdio- 
cyanate of potassium ; but even on mixing 1 at. of the former with 3 at. of the hitter, 
only 0*194 at. of the red sulpliocyanato of iron was formed ; and even when 375 at. 
of sulpbocyanate of potassium had been added, there was still a recognisable amount 
of ferric nitrate undeeomposed. The results of a series of experiments with fcrrii! 
nitrate and sulpbocyanate of potassium are given in the following table: 


Ferric 

Nitrate. 

Sulnhocjanate of 
PotHisiuin. 

Red Salt 
produced. 

Ferric 

Nitrate. 
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The addition of a colourless salt reduced the colour of a solution of ferric siilpho* 
cyan ate, the reduction increasing in a regularly progressive ratio, according to the 
mass of the colourless salt. 

Similar results were obtained with other ferric salts, viz. with the black gallate, the 
red meconate and pyromeconate, the blue solution of Prussian blue in oxalic acid, &o., 
and likewise with the coloured salts of other metals, e. g, the scarlet bromide of goM, 
the red iodide of platinum, the blue sulphate of copper, wlien treated with different 
chlorides, &c. 

The amount of fluorescence exhibited by a solution of acid sulphate of qtunine Wiifi 
found to be affected by the mixture of a chloride, bromide, or io^de, acooiding to th»! 
nature and mass of the salt added ; and the addition of sulphuric, phosphoric, nitric, 
and other acids was found to produce a fluorescence in solutions of hyd™hlorate oi 
quinine, or of sulphate which had been rendered non-fluorescent by the addition of hydro- 
chloric acid. Solutions of horse-chestnut bark, and of tincture of thorn-apple, yielde4l 
similar results. 

The conclusions to be drawn from Gladstone's experiments, are as follows : 

When two or more binary compounds ore mixed under such circumstances that all 
the resulting eompounds are free to act and react, each acid elemextt enters into com- 
bination with each basylous element in certain constant proportions, which are inde- 
pendent of the manner in which the different elements are primairly arranged, and are 
not merely the resultant of the various strengths of affinity of the severe substances 
for each other, but are dependent also on the mass of each of the substances present in 
the mixture. All deductions respecting the arrangement of substances in solution, 
drawn from such empirical rules as that the strongest acid combines with the strongest 
base, must therefore be looked upon' as doabtfuL An alteration in the ma s s of any of 
the binary compounds present, alters the amount of every one Of the other binary 
eompounds, and that in a regularly progressive ratio, sudden transitions occurring only 
where a substance is present, which is capable of combining with another in more 
than ope proportion. This equilibrium of aflinities arranges itself in most eases in an 
inaroredwv short time ; but, in certain instances, the elements do not attam their 
state of eombinotion for hours. 

: To tally phenomena present themselves where preeipitatioit, volatnisation, 

ii^itii17TAfniii| end perhaps other actions occur, simply beMnse one of the suhstsBesfi 
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y thaa Femorod ftom the field of action, and tho eqnilibrinm, which WM at fint 
aatabliahed, ia thaa destrojed. 

The recmrocal action of aalta in solution haa also been examined by Mai agouti 
(Ann. Ch,Phy8. [3] xxxvii. 198; and by Margueritte (Compt. rend, xxxriii. 3Qo), 
both of whom conclude that e^h base diyidea itself between tho sereral acids. Mala- 
guti concludes from his experiments that, in the mutual action of two salts, if nothing 
separates from tho liquid, the decomposition is most complete when tlio strongest arid 
and the ationgeat base are not originally united in the same salt, and that two exiw'ri- 
menta of this kind, made in opposite ways, must lead to the sumo final result ; that, 
for example* when 1 at. of acetate of barium is added to 1 at. of nitrate of lend, tho 
quantities of nitrate of barium and nitrate of lead ultimately present in tlie liquid are 
the same as when 1 at. niti^te of barium i.n mixed with 1 at, acetate of lead. 

Margueritte finds that two salts in solution decompose each other, even when one of 
them is already the least soluble of the four salts that may be produced fi*om tho acids 
and bases present. Thus, a saturated solution of chlor.ate of mbissiiim to wliicli 
chloride of sodium is adde^ becomes capable of dissolving an aiiditional quantity c^f 
chlorate of potassium, showing that a portion of tho chlorate has been docompostHl 
and a more soluble salt formed. 

There are, however, certain w'cll known phenomena, which show that this distri- 
bution of acids and bases in solution does not always take )>lace. Iloric acid colours 
litmus wine-red; sulphuric acid turns it bright red. Now if sulphuric acid be gra- 
^lually added to a warm solution of borate of soiliiim in water which has been coloured 
blue with litmus, the liquid at first remains l»liie, liecausc a combination of soda with 
excess of boric acid is nroduced ; on the addition of more sulphuric acid, boric acid is 
set free, and colours tlie liquid wine-red; and not till all the soda has enten'd into 
ct>mbination with the sulphuric acid docs a further addition of that acid give thelicpiid 
a Viright red colour; but if sulphuric acid were present at the commojicement of the 
action, either in tho free state or combined with sulphate of sodium in tho form of an 
acid salt, the bright red colour would appear at once. From tho same cause, a solution 
of sulphate of potassium or sodium to which boric acid has bi^m added, colours litmus 
only wine-red ; but the addition of of sulphuric acid iiTnnrdiatcly produces tho 
bright red tint. Hence boric acid ao€*s not take soila from sulphuric acid or sot that 
acid — Si^hydric acid and carbonic acid exhibit similar relations fowanls snl- 
phurio acid- — ^Tincture of litmus is instantly bleached by ehlorino-watcr, but not til! 
a several days by aqueous solution of iodine: now, u solution of chloride of sodium 
mixed with io^line should, according to Herthollct, produce a mixture containing 
chloride of sodium with excess of chlorine, ami iodide of sodium with excess of 
iodine. But the orange-yellow mixture colours litmus gnam (from the vellow of the 
solution and the blue of tho tincture): and a very small quantity of elilorine- water 
immediately changes this ^eeii colour into the orange-yellow of the solution of iodine: 
this shows that no chlorine had been set free by the iodine. — Ferric plmsphate is 
soluble in hydrochloric acid, but not in acetic acid. From its 8f»lution in hydrochloric 
acid it is. completely precipitated by acetate of |>ot»isHium. Now if tho potash liad 
licen divided between the hydrochloric and acetic acids, part of the hydrochloric acid 
would have remained free, and would have held some of tho phosphutc of iron in 
solution. (Qm. i 153.) 

The decomposition of soluble by insnlublo salts, affimls a striking instance of the 
tendency of atoms to interchange, and of the influence of mass on chemical action. 
According to H. Rose (Fogg. Ann. xciv. 481 ; xcv. 96, 284), sulphate of barium is 
completely decomposed by boiling with solutions of alkaline C{irlK>nates, provided that 
each atom of suTphato of barium is acUul upon l>y at least 15 at. of tho alkaline 
carbonate. When 1 at. of sulphate of barium is boiled with only 1 at. of carbonate of 
potassium, only 1 of it is decomposed, and only ,4 by Ixiiling with 1 at, pf carbonate 
of sodium, ftirther decomfwsition being prevented by the pn»sence of the alkalino sul- 
phate already formed. If, however, the liquid be decanted after a while, tho residue 
boiled with a fresh portion of the alkaline car>x>nate, and these operations repeated 
several times, complete decomposition is effecU'd. Carbonate of barium is convciied 
into sulphate by the action of an aqueous solution of sulphate of ijotassium or sfalium, 
even at otdinaiy temperatures. tSolufion of carbonate of ammonium <loes not decom- 
pose sulphate of barium either at ordinary or at higher tern f>eratu res ; carbonate of 
barium IS not decomposed by sulphate of ammonium at ordinary temperatures, but 
easily on boiling. Sulphate of barium is not decomposed by iKiiling with^ caustio 
rjotash-solntion, provid^ the carbonic acid of the air bo excluded ; but by fusion witli 
bydnite oT potassium it is decomposed, with formation of carljonate of barium, beesitse 
tlie carbonic acid of the air cannot then be completely excluded. Hydrochloric god 
nitric acids, lettin contact at ordinaiy temperatures with sulphate of bnritnitl, either ttPfn* 
talUted or preripitated, dissolve only taaccs of it ; at the boiling heat, a •Ofnewbnt, 
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laiger quantity is dasolred, and the solution form a doad, both with a diku nohr 
ofmoride of Imam and with dilute snlphuncadd. Sulphate of strontium w dml^ 
by bjdroeblotie acid at ordinary temperataie^ su&eieatly to form a sight prwipitat, 
with dilute anlphuiic acid, and with ehlorido of atrontium. ^ Snlphate of calcium 
treated with hydrochloric acid, either cold or boiling, yields a liquid in which a preci- 
pitate is formed, after a while, by dilute sulphuric acid, but not by chloride of calciam. 

Sulphate of strontium and sulpnate of calcium are completely decomposed by solutions 
of the neutral and acid carbonates of the alkali-metals at ordinary temperatures, and 
more quickly on boiling, even if considerable quantities of an alkaline sulphate arc added 
to the solution ; the decomposition is also effected by carbonate of ammonia, even at 
ordinary temperatures. The carbonates of strontium and calcium are not decomposed 
by solutions of the sulphates of potassium or sodium at any temperature; sulphate 
of ammonium does not decompose them at ordinary temperatures, but readily with the 
aid of beat. 

Sulphate of lead is completely converted into carbonate by solutions of the ncutril 
and acid carbonates of the alkali-metals, even at ordinary temperatures, the neutral 
carbonates, but not the acid carbonates, then dissolving small quantities of oxide of 
lead. Carbonate of lead is not decomposed by solutions of the alkaline sulphates, 
either at ordinary temperatures or on boiling. 

Chromate of barium is decomposed at ordinary temperatures by solutions of the 
neutral carbonates of the alkali-metals, and much more easily by boiling with ex- 
cess of an acitl carbonate of alkali-metal. When equivalent quantities of the chromate 
of V>!irium and carbonate of sodium are boiled with water, ^ of the whole is decom- 


posed ; when the same quantities of the salts are fused together, and the mass treated 
with water, only of the barium-salt is decomposed. Carbonate of barium is com- 
pletely converted into chromate by digestion with the solution of an alkaline mono- 
chromate ; ami the decomposition of chromate of barium by neutnil alkaline carbonates, 
even at the 1 toiling heat, is completely prevented by the presence of a certain quantity 
of an alkaline monochromate. 

Selenato of barium is easily and completely decomposed by solutions of alkaline 
carbonates, even at ordinary temperatures ; this salt is somewhat soluble iji water, and 
more readily in dilute acids. ^ " 

Oxalate of calcium is decomposed by alkaline carbonates, even at ordinary tempe- 
ratures; but to effect complete decomposition, the liquid must be frequently decanted 
and renewed. The decomposition takes place rapidly at tlie boiling heat; but in all 
cases it is completely prevented by the presence of a certain quantity of a neutral 
alkaline oxalate. When the salts are mixed iji equivalent proportions, ^ of the oxalate 
of calcium are decomposed at ordinary temperatures, and J on boiling. Carbonate of cal- 
cium is .partially converted into oxalate by the action of a solution of neutral oxalate 
of potassium at ordinary temperatures, and more quickly on boiling; but the decom- 
position is never complete, even when the liquid is frequently decanted and renewed, 
—Oxalate of lead is completely converted into carbonate ut onlinary temperatures by 
the solution of an alkaline carbonate, a small tx>rtion of the carbonate of lead dissolving 
in the liquid. (Rose.) 

The preceding experiments exhibit in a remarkable manner the influence of difference 
of solubility in determining the order of decomposition. Sulphate of barium is less 
soluble than the carbonate, and, accordingly, carbonntn of bnrinm is more readily de- 
composed by alkaline sulphates than the sulphate by alkaline carl»ouatcs. Precisely the 
contrary relations are exhibited by the sulphates and carbonates of strontium* and 
calcium, both us regards solubility and order of decomposition. On tlie other hand, 
oxalate of calcium is less soluble tlu*n the cttrlx)nate, and yet its decomi>osition by 
alkaline carbonates takes place more easily than the opposite reaction ; in this case, 
the onler of dei^om posit ion appears- rather to lie determined, as in Malaguti’s experi- 
mouts (p. 862), by the tendency of the strongest acid to unite with the strongest base. 

The effect of a soluble sulphate, &c. in arresting the decomposition of the correspond- 
ing insoluble salts by fUkaline carbonates, is evidently due to its tendency to p^uce 
the reverse action : hence the acceleration produced decanting and renewing the 
Uqnid. Some insoluble salts, however, phosphate of calcium for example, are never com- 
g«tdy decomposed, even by this treatment. (See also Malaga ti, Ann. Phys. [3] 

JdK|mieal :^<^ ‘was in early times attributed to the general principle of 

Hippocrates t!lttj^**like assorts with like;*' hence the word Affinit^^ which seems to 
h^ve hiintl|^ilnt%aplo^ by Barchhusen. Becher assumed, in accordance with this 
dogii|pki||^^ben two bodies are capable of combining, they must contain a common 

of ttrootiun dysolTM In ]1,S63 part*, and sulphate of strontiam 
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prlsdpltf. Others* sntong whom was Lemery, flnippoftsd that solvents are ftirnidied 
with a nuinber of sh^ points, by means of which they are more or less adapted to 
iuslanate themselves into the pores of solid bodies and combine with them. 

Dismissing these crude notions, we have to consider four distinct hypotheses which 
hare l^en proposed to account for the phenomena of chemical actiotu 

1. Chemical combinations are produced by nnioersal attraction, 

Newton was the first who referred chemical combination to universal attraction, 
though he did not regard the attraction between ultimate particles as exactly the 
Siime with that which acts between the great bodies of the universe, 

Berthollet also regarded chemical combination as a manifestation of the force of 
universal attraction, exhibiting peculiar characteristics, because it is exerted, not on 
masses, but on molecules plaeiHl at extremely small distances from each other. Being 
unacquaintod with the laws of combination in definite proportions, ho supposed that 
bodies, by virtue of their affinity, are essentially capable of uniting in all proportions, 
and attributed what ho considered the apparent exceptions to the law, ontiroly to tlie 
iiifiuence of cohesion and elasticity. That these causes exert considerable influence on 
cliemical combination, is sufficiently evident from tho plieiiomenn already discussed ; 

* but to suptxjse that combination in did’inite proj>ortion is absolutely dependrnt upon 
them, would be inconsistent >vitli our present knowledge of the constitution of cheintcal 
eoni]x>uiids : indeed, the single fact that chlorine and hydrogen unite in one proportion 
only, and form hydrochloric acid giis, without any condensation or expansion, is quito 
biifficieiit to show the untenability of such a supijositinn. 

2. Chemical conthinationa are product d hy a peculiar power called Aff i n i ty^ distinct 
from universal attraction. Universal attraction, as manifested in gravitation, acts 
equally on all subsffinces in proportion to tho mass, whereas in chemical phonomona 
the strength of the attraction is determined especially by tho peculiar nature of the 
substances concerned. 

3. The union of heterogeneous atoms is the result of Electrical attraction^ 

" Numerous theories of this kind have been proposed, among others by Davy, Dumsa, 

Becquerel, Ampere, Qrotthuss, Schweigger, Fochner, I^ensclius and L. Umolin. 

Berseliifs supposed that ** The atom of every substance has two poles, on wluchthe 
opposite electricities are accumulated in diffenmt proportions, iicconiing to tho nature 
of the bodies. . The atom of many bodies, oxygen for instance, has a large quantity of 
negative electricity attached to one of its poles, and but a very small quantity of 
positive electricity at the other; that of other bodies, pot^issiiiin for example, has a 
large quantity of positive electricity at one pole, and a ve^ry lif ilc ncgiil.i%'o electricity 
at the other. Thus the elementary substanees are divid4*d into rlcrtro-negative and 
elfctro-posiiive. To each element, however, there belongs a partieiilar proportion he- 
tween the quantities of the two electricities. Oxygen has, of all tho eJeefro- negative 
eh-ments, the greatest quantity of negative elect ricity at oneof it.s jioh's, and tfie smallt'st 
Hueiilityof positive electricity at the othvr, — then follows Biili»lmr, then nitrogen, &c„ 
and lastly hydrogen, in which the quantities of the tw'o elect rieities are nearly <^ual. 
Of all electro-positive sulmtances, potas.sinm has tho largest quantity of positive and 
the smallest of negative electricity ; and this inequality continually diminishes in 
other liodies, till we come to gold, in wliich the positive <'leclricity predominates but 
little over the negative— so that this element occupies the next place to hydrogen, 
AccoTtiiiig to this, the elements succeed one another in the clcctro-chcrnical series 
of Berzelius as follows, beginning with the electro-negative. 

** EUairo^negative^ O, S, N, F, Cl, Br, I, tSe, P, As, Cr, V, Mo, W, B, C, Sb, Te, Ta* 
Ti, Si, 'H. 

“ b^eciro-positive, Au, Os, Ir, Pt, Bli, Pd, TTg, Ag, Cii, U, Bi, Sn, PV>, Cd, Co, Ni, Fs^ 
Zn, Mn, Ce, Th, Zr. Al, Y, G, Mg, Ca, Sr, Ba, U Na, K. 

** In the combination of an elect ro-negativo with an electro-positive borjy, the predo- 
minant negative electricity of the former unites with the predominant pc:sitive elec- 
tricity i)f the latter. Before, however, combination takes place, tho former substance 
exhi^a negative, and the latter jK>Hitive elwfricity in the free state; and the tension 
of the two electricities continually incr€*ases as the bodies approach tho tempevaturo 
at which combination takes place. Hence we have an ex pis nut ion of electricity byeon^ 
tact, At^lio instant of combination, the negative poles 'of the atoms of the fliwt body 
turn themselves towards the positive poles of those of the second ; and since ii.lir pnt^ 
in the fiuid state that the atoms possess the mobility necewsHiy for this arrangemaift* it ■ ^ 
follows that solid bodies have, generally speaking, no chemical action oo one-andfiuwt.^ 
The two electricities of these poles now combine and produce heat or fires wheiaupoft 
they disappear. 1 n cveiy chemi^l combination, th erefore. h n eutral isa tioh of the opposi te 
olectricit^ takes place, by which heat or fire is prodncwl in the same manim^iln the 
discharge of the eleetru^l pile or of lightning, excc'pting that these Iset-meirwied 
phenomena are not accompanied by any chemical combinaliiiiis it lesst of penaarihle 
VouL 3K ^ 
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bodies. Every chemical oomblnation is therefore an electrical phenomenon depmd. 
ing on the electrical polari^^ of the atoms.*’ 

The main difficulty of this thcoiy is to account for the force bj which combined 
atoms ore held together. The heterogeneous atoms unite in consequence of their 
adhesion to the opposite electricities ; but when these have been neutralised by com. 
bi nation, it might be expected that the atoms would fall asunder and allow themselTe^ 
to be easily separated by Motion and other mechanical forces, which is not the case 
This obje^ion to the theory of Berzelius has never been satisfactorily answered. 

G-melin’s theory is as follows: — “Ponderable bodies have affinity for one another. 
The two electricities are substances which likewise possess affinity for each other, ami 
by whose combination in the proportions in which they neutralise each other, heal 
(flre^ is produced. The individual electricities, and likewise heat, have considerable 
affinity for ponderable substances, and are united to them with greater force and ii; 
greater quantity, the more simple these ponderable substances are. Ponderal.h 
bodies, according to their nature, have a greater or less excess of positive or negative 
electricity united with them, in addition to a definite quantity of heat. Thus, oxyger 
probabW contains the greatest quantity of pt*sitivey and potassium of negative electri- 
city. Bodies lying between these two extremes, contain a larger quantity of heat wit! 
a smaller excess of one or the other kind of electricity, the proportion of which varies 
greatly according to their nature. 

“ Tne combination of two ponderable bodies is the result of two forces, viz. tlu 
affinity of the ponderable bodies for each other, and the affinity of the electricity 
which is in excess in the one body for the opposite electricity which predominates ii 
the other. By these two forces, the affinity of the electro-negative body for th< 
positive electricity united with it, and that of tlie electro-positive body for the negativt 
electricity combined with it, are overcome. The i*esult is heat and the ponderab’i 
compound. The latter retains the excess of positive or negative electricity, by whicl 
it requires cither an electro-negative or electro- positive character, and likewise part oi 
the heat — while another portion is set free, and gives rise to the development of lieal 
or fire, by which most chemical combinations are accompanied. When combinatior 
takes place between two bodies, both of wliich contain un excess of the same kinc 
of electricity, e.^. ox^^gen and sulphur, which contain free positive electricity ir 
diflforent quantities, — it is simplest to suppose that the combination is the resull 
merely of the affinity between the two ponderable bodies, that the new compounc 
contains tlio sum of the excesses of positive electricity, and that the development o: 
heat is a consequence of the inability of the now compound to retain as much heal 
united with it as was before combined with its constituents.” (Gm. i. 164 — 168.) 

4. Chemical action results from a constant motion among the ultimate particles oj 
bodies, this same movement liki-wise giving rise to the pkenonuma of heat, lights 
and electrieitg. This is the theory suggested by Williamson (Chem. Soc. Qu. X 
vi. 110). The atoms of all compounds, whether similar or dissimilar, are supposed t-c 
be continually changing places, the interchange taking phico more quickly as the 
atoms resemble each other more closely. Thus, in a mass of hydrochloric acid, cacli 
atom of hydrogen is supposed, not to remain quietly in juxtaposition with the atom oi 
chlorine with which it happens to be first united, but to be continually changing placoa 
with other atoms of hydrogen, or, what comes to the same thing, continually becoming 
associated with other atoms of chlorine. This interchange is not perceptible to the 
eye, because one nioloculo of hydrochloric acid is exactly like another, ^ut sappose 
the hydrochloric acid to be mixed with a solution of sulphate of copper (the com- 
ponent atoms of which are likewise undergoing a cliange of place) : the basyloua 
elements, hydrogen and copper, then no longer limit their ^ange of place to the circle 
of atoms with which they were at first combined, hut the hydrogen and copper likewise 
chmge places with each other, forming chloride of copper and sulphuric acid. Thus 
it ia that, when two salts are mixed in solution, and nothing separates out in conse- 
quence of their mutual action, the bases are divided between the acids, and four salts 
are pioduced. If, however, the analogous elements of the two compounds are veiy 
dimimilar, and, consequently, interchange but slowly, it may happen that the stronger 
acid iwd the^ stronger base remain almost entirely together, leaving the weaker ones 
combined with ea^ other. This is strikingly seen in a mixture of snlphurie acid 
(sulphate of hydrogen) and bhrate of sodium, which soon becomes almost wholly con* 
vertM into sulphate of sodium and free boracic acid (borate of hydrogen). 

Now, suppose that, instead .of sulphate of copper, sulphate of silver is added to the 
hydrochloric acid. At the first moment, the interchange of elements may be supposed 
to take place as abovs^ and the four compounds, Ag^O\ HC1, and Ag^ to 

be fiorfoed ; but the last being insoluble, is immediately removed by preoipitatioD ; 
fko remaining elements then set upon each other in the same way, and this action 
gQ«eL;;,dtt till ell the chlorine or all the silver is removed in the form of chloride 
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of mIw; if th« origiiaa oonipouu<Ia are mixed in exactly equiralent proportioua, 
the Anal result ia the formation of only two salts, viz. in this case, H SO* and AgCl. 
A similar result is produced when one of the products of the decomposition is volatile 
at the existing temperature, as when hydrate or carbonate of sodium is boiled with 
chloride of ammonium. , 

If no precipitation or volatih’aation takes place, and one of the compounds (hydro* 
chloric acid) is in exceM of the other (sulphate of copper), then as the atoms of 
copper in their several interchanges must come in contect with chlorine-atoms more 
frequently than with SO*-atoms, the Anal result must be the formation of a larger 
quantity of chloride of copper and of sulphate of hydrogen than if the bodies had been 
mixed m equivalent proportions, this etiectof course increasing as the relative quantity 
of hydrochloric acid is g^^ter in the original mixture ; and thus we have an explana- 
tion of the effect of mass in chemical reaction. 

The same theory affords nii easy explanation of certain cliemical changes otherwise 
somewhat obscure. Consider, for example, tlio formation of ether by the action of 
Hulphuric acid upon alcohol, whereby cthyl-sulphuric acid (sulphate of ethyl and 
hydrogen) is Arst formed, osid afterwards, at a certain temperature, ether and water 

are eliminated (p. 76). When alcohol, ^ ^ and sulphuric acid, are 

mixed together, the interchange between the atoms of ethyl in the former and of 
hydrogen in the latter gives rise to the formation of ethyl-sulphuric acid and water : 

«-jo , J|so. - . Jljo. 

But the change does not stop here : for the ethyl-sulphuric acid thus produced, meeting 
with fresh molecules of alcohol, exelmnges ils ethyl for the hydrogen of the ^cohol, 
producing ether and sulphuric acid : 
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The sulphuric acid is thus roslorod to its originul state, iiiul is ready to act upon fresh 
quantities of alcohol; so that if alcohol be allowed to run into the mixture in a con- 
stant stream, the temperature being kept within certain limits (between 130® and 
140® C.), the process goes on witliout inlcmiption, ether ami water continually distil 
over, and the same quantity of sulphuric acid Huffices for the etherification of an un- 
limited quantity of alcohol. This is the peculiarity of tlio process ; it has given rise 
to a variety of explanations, all more or less unsatisfactory, the discusHion of which 
would be fortugn to the present purpose ; it is sufficient to remark that the hypothesis 
of atomic interchange affords a reiuly explanation of the chief peculiarity of the re- 
action, viz, the formation and dwomjMJsition of ethyl-sulphuric acid following each 
ether continuously, without any change of femperaturo or other iletermining cause. 
If it be admitted that the atoms of ethyl and hydmgen in the mixture are continually 
interchanging in all possible ways, this scries of alternate actions follows os a neces- 
sary conm^uence. 

The idea of atomic motion is in acconlence with physical as well as chemical plie- 
nomena. To suppose that rest, ratlmr than motion, is the normal state of the particles 
of matter, is at variance with all that w'e know of the effects of light, Inwit, and elec- 
tricity. In the theory of heat, the particles of bodies are supposed to bo affected with 
progressive, as well as with rotatory and vibratory movements ; and tliis same hypo- 
thesis of progressive movement, which of course implies change of rt?lative position 
amongst the particles, affords, as already stated, an easy explanation of certain chemical 
reactions otherwise difficult to understaud. 


OSnroCBOUO A.CXXI* — An acid obtained by Itoiling tauro- 

fhenocbolic acid, the sulphuretted acid of goose-bile, with baryta- water*, and decom- 
posing the resulting banum-salt with hydrochloric acid. It is insoluble in water, but 
soluble in alcohol and ether, whence it separates as an amorphous mass. The solutions 
have an acid reaction, and give the characteristic bloo<!-red colour with sugar and 
suiphoric acid. It is insoluble in cold potash, but when heated with it, forms a salt 
which, when freed from excess of potash, dissolves readily in water and in alcohoL 
The dardum-Balt conaista of (Heintz and Wislicenus, Fogg. Ann. 

eviuL 647.) 

VBM OCOnui&zra. An impure iron sinter, containing a little silver and 
arsenate of cobalt It is a product of decomposition, not a distinct mineral 

CWMM0909TUWL The herb of Chtmonodium amhnmittdes yields by distiUatloiL 
a para greeniah-yellow volatile oil (abont l| os. from 10 lb.) having an aromatic and 
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cooling taste (H. Becker, Zeitschr* Phann, 1854, p. 8). According to Hirzel {ihii^ 
this ou, dehydrated hy chloride of ealcimn and rectified, yields a colourless dis^tu 
boiling at 1790 to 1810 C. 

Chmvpodium maritimum . — The ash of this plant, g^wing on a strip of land ra 
claimed &om the sea, has been analysed by Harms (Ann. Ch. Pharm. xciy. 247) wifi 
the following results : a. Flowers and young shoots. 5. Sterns^ 

K*0 Ka^O CaO MpO FeW CO* S0» SiO* NaCl 

a. 4-4 2*3 4*2 6*6 4-3 0*9 3 0 2*4 71*9 - 100 

5. 3*1 5 0 4-4 2 0 2*5 0*8 3*3 2 0 76*9 100 

Traces of manganese were also found. The flowers and young shoots are said tu^ieh 
81*9 per cent, ash, and the stems 24*3 per cent. This, together with the very krg 
proportion of chloride of sodium in the ash, seems to show that the plants analysei 
were saturated with salt water. Aster tripolium grown on the same soil, likewiii 
yielded a yeiy large amount of ash, containing about 65 per cent. NaCl in the stes 
and leaves, and 30 per cent, in the flowers. 

Chenopodium oltdum. — This plant contains an alkaloid having the cornpositio; 
G*H*N, either ^im^hylamine or propylamine, to which its fcetid odour appears to b 
due. (Dessaignes, Compt. rend, xxxiii. 358.) 

Chenopodium Quinoa . — ^According to Volcker (Chem. Gaz. 1851, p. 129) quino 
seeds dried at 100° C. contain 46*10 per cent, starch, 6*10 sugar and extractive mattei 
4*60 gum, 5*74 oil, 8*91 casein with a little soluble albumin, 13*95 insoluble albnrni 
and other albuminoidal compounds, 9*53 vegetable fibre, 5*05 ash. The ash (aftu 
deduction of sand and charcoal) contained 36*76 per cent, potash, 1*31 chloride t 
sodium, 2*45 lime, 13*61 magnesi^ 1*78 ferric oxide, 38*99 phosphoric anhydride, 3 3 
sulphuric anhydride, and 2*19 silica. 

CBBKT* A term often applied to homstone and to any impure flinty rock, in 
eluding the jaspers. (See Urds I>ictionary qf Arta, Manufactures and Mints, i. 655. 

CBBaST&XTa or CBBSST COFraB. Syo. with Azubits. (See Cabbonats 
OF CoPPEB, p, 784.) 

CBBSTBBXiZTlI, See FblsfaX. 

CBBSTirVT. Castanea vesca, — The fruit of this plant has been examined b. 
Payen (J. Pbarm. [3] xvL 279) and by Albini (Wien.Akad. Ber. xiii. 502). Pays 
found in 100 pta. : 




Aih 
tn dry 
Subfttance. 

Nitrogen. 


Water. 

In freih 
Substance. 

In dry 
Substance. 

After 

deducting 

Ash. 

Of the cultivated chestnut . . 

54*21 

4*04 

0*53 

1*17 

1*21 

Of the wild chestnut . . . 

48*06 

3*21 

050 

096 

0*99 


Albini found in the shelled kernels of dried chestnuts from various parts of Italv 
3*0— 3*8 per cent ash. 1*2— 2*1 fat, 23*2— 38 0 starch, 22*8—23*3 dextrin, 17*5 -17M 
sugar, 6*5 — 8*4 cellulose, 0*9 — 2*1 vegetable albumin, and 5'2 — 6*3 BO>called protein 
compounds. 

According to Dessaignes (J. Pharm. [3] xxv. 28), chestnuts contain a little aspar 
agine, but no quercite. 

The entire fruit of the tree (undried) yields 0*99 per cent ash, containmg in 100 pts 
86*83 K*0, 19*18 Na*0, 7*84 CaO, 7*84 MgO, 5*48 Mn*0» [?], 3*88 SO*, 2*82 SiO* 
7*88 F*0*, 1*9 phosphates of calcium, magnesia, and iron, 4*82 J^aCL (T. Bi chard 
son, JTahresber. f. Chem. i. 1074.) 

OBZJUiTOliZTB. HoUcw Spar, Made, Al*0*.SiO* — A variety of Andalusit 
ciysthllised in right rhombic prisms with angles of 91° 35' and 88° 27'. On looking 
into the end of toe prism, we perceive in the axis of it a blackish prism, surrounded 
by the other, whi^ is of a greyish, yellowish, or reddish-white colour. From each ai^le 
of the interim? prism, a blackish Ime extends to the corresponding angle of toe exterior. 
In each of these outOT aisles there is usually a small rhomboidu smace^ filled with the 
same dark substance which composes the central prism. The black matter is the same 
day-slste with the rock in which the chiastolite is imbedded. Fracture, foliated, with 
double deavage ^ Translucent. Scratches ^ass. Bobbed on sealing-wax it imparls 
negative dectriei^. Specific gravity 2*94. Hardness 3 — 7*5. Before the blowpipe 
it IB convertible into a whitish enameL It has been found in Britany, in the I^ieiieeii^ 



CHICA— CHINOLINE. 


869 


§m' ^ TftUej of Barege, and in Galicia in Spain, near St lago do Coinpostella. Tha 
jpiftprtf* black crystal is properly an elongate four-sided pyramid. U. 

A red dye, obtained f^m the leases of Bi^noftia Chica^ (See Cabjuvuu, 

p, 747.) 

A phosphate of aluminium and iron (ferroaum) foxind with 
apatite at Tavistock in Devonshire, and at Crinnis in CornwalL Dammelaberg found 
in two specimens : 


P»0» 

Al’O* 

Fe-O 

Mn"0 

Ca"0 

M^O 

H*0 

Total. 

, . 29*36 

1877 

30 76 

6*12 

0*66 

— 

1700 

102*66 

. . 28*02 

14*44 

30*68 

9*07 

— 

0*14 

16*08 

100*23 


(after deducting 3*82 per cent, of insoluble residue in I. and 4*03 in II.). 

From the analysis II., which was made with purer material than I., Rammelsberg 
deduces the formula : 2(4M"O.P^O‘) + 2AF0*.P-0* + 15H*0, which may be reduced to 
that of an orthophosphate with hydrate of aluminium and water, vis. : (M")*'or(PO‘)*. 

lOaq. The crystals belong, to the trimotric system : P.jP. 3Poo .Poo . ooP 
andOP. Cleavage parallel to P and 00 J*oo (Brooke, Itain melsberg). Specific gravity 
— 3*247. Hardness 6 (Bammelsberg). The crystals, which arc traiisparentL 
hare a glassy lustre, and vaiy in colour from yellowish-brown to blackish, are found 
on tlic surface of spathic iron ore intorgrown with qmirt^, iron pyrites, and copper 
pyrites. (Brooke, Ann. Phil. vii. 316. — Bammelsberg, Pogg. Ixxxv. 435 ; Phil. Mug. 
[4] iv. 118.) 

OBZ&SXT8« Syn. with Ootritb. 

OHZ&VOXrXTB. Syn. with Pbehnitb. 

OBXiroZiZirB. C*IPN. Quinolnne^ Leticol (Bunge, Pogg. Ann. xxxi. 68. — 
Oerhardt, Ann. Ch. Pharm, xlii. 310; xliv. 279. — Hofmann, iM, xlvi. 31; Uli. 
427; Ixxiv. 16. — Bromeis, ibid. Hi. 130. — Laurent, Ann. Ch. Phys. [3j xix. 367. 
— C, Grevilio Williams, Ed. Phil. Trans, xxi. 12) ; [3] 377 ; Jahresber. f. Chem. 
1866, p, 648; 1856, p. 632. — v. Babo, J. pr. Chcin. Cutii. 73. — Gm. xiii. 243). — 
Bunge, in 1830, obtained from coal-tar an organic base to which ho gave the name of 
leucol, Oerhardt, in 1842, obtained a similar product, quwofrtnf% by tlisf illirig quinine 
and other organic bases with potash. Hofnnum showed that Oorhardt’s quinoJ<M‘ue 
and Bunge’s leucol were identical. Laurent first pointed out tliat Gerhardt’s (juino- 
leiae was a mixture, a fact afterwards established by Ur. Williams, who sc[)ai\it«!(d 
pure chinoHne from it, as well us from the mixturo of bases obtaiiu^d from iMul-tar. 
According to later experiments by Williams, however, the eijinolin© from coal-tar 
appears to differ in some respects from tliat which is obtained from einebonine, &c. 
Williams has also succeeded in preparing from chi noli no (obtained from cinchojiino), 
a fine blue colouring matter likely to be useful in dyeing. 

JihrmatianL — Chinoline is produced in numerous read ions : — 1. In tlio dry distilla- 
tion of coal, passing over with the tar (Kungo). — 2. By distilling cinchonine, quinine, 
or stiycbuine with hydrate of potassium (Gerhard t). — 3. Jly the clecfnjiysis of 
nitrate of cinchonine (v. Babo). — 4. By distilling thialdino with milk of lime 
(Wcihler and Liebig, Ann. Ch. Phami. Jxi. v.) — 6. By the dry distillation of tri- 
geuic acid ortrigenate of silver (Liebig and Wohler, ibid. lix. 289). — 6. By dis- 
tilling berberine with milk of lime, or hydratoof lead (Bodekor, Ann. Ch. Pliarm. 
Ixix. 43). Bddcker also states that chroniMtcof pelosine hefiti*d to 100*^ C. gives off a 
mixture of chinoHne and phenic acid; but iiccording to Williams (Juhresber. d. 
Chem. 1848. p, 376), the only volatile products of this d(‘com|K>Hitiori are niethylamine. 
dimethylamine, and a pyrrol-base, Williams is of opinion that the production of 
cbmoline in some of the alxjve reactions has been inferred merely fropi its calotir, 
when, in reality, not a trace of it has l>€«*n present. 

Pre^ration , — 1. From Cinchoninr, Pulverised cinchonine is gradually added to 
hydrate of potassium, which is heated in a retort till it molts ; the mixture is then raiseil 
to a higher temperature till it becomes brown and emits stifling vapours (Gcrhardt); 
and Uie distillate, which is a mixture of several buses, is boiled with an acid for 
several days, whereby pyrrhol is driven off. The diy chinoline which afterwards 
diatilt over, beginning to boil at 149^ C., but not passing over in large quantities till 
the boiling point rises to 183*^ , is scparate<l by rep>ated fractional distillation (slsjut 
200 Gme^ into several portions, the lowest of which boils b«^tweeu 164^ and 160^, 
and the highest, which is the largest in quantity, at 271®. Of these ftwetions, that 
which distils below 166® contains lutidine, with a little pyridine and picoiine; that 
between 177® and 182® contains collidine, which is also found in the products up to 
100®; and the portion which distils above 109®, especially that between 216® and 
248®, oonaiste of ehinnlinA mid lepidine, the latter being found chiefly in the portiem 
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boiling above 270° To obtain chinoKne (and the other bases) perfectly vvn. a 
individual fractions are converted into platinum-salts, and separated bv 
crystallisation. (Williams.) ^ 

2. From Coal-tar Oil, — a. The mixture of phejaylamine and chiuoline flenonh 
obtained from heavy coal-to oil (see Phbnylaminb), is dissolved in absolute alcohii 
and neutralised with oxalic acid; and the mother-liquor decanted from the oxaLit 
of phenylamine which has ciystallised out, is distilled with potash, the receiver WiuA 
changed as soon as the distillate no longer produces a blue colour with hypochlorite 
o/ calcium, and the cbinoliue which afterwards passes over is collected apart (Mo f- 
maan). Chiuoline thus obtained, contains lepidiae and other bases (WilliHins).— 
Fifty gallons of the oil of veiyr high boiling point, and heavier than water, are treated 
with sulphuric acid, and the acid liquid is distilled with lime. The portion of the dis- 
tillate which sinks in water, contains chinoline, lepidine, &c., together with a number 
of bases of the phenylamine series. The latter are decomposed with nitrite of potas- 
sium and hydrochloric acid (see Phenylamine); tJie acid liquid is distilled from tbe 
heavy oil containing phonic acid ; the admixed non-besic oils are expelled by passing 
steam through the hquid ; the residne is filtered through charcoal ; and the bases are 
separated from the aqueous solution by potash, and dried over sticks of solid potash. 
The mixture thus obtained yields, after more than a hundred fractional distillations, 
portions boiling between 177® and 274®, and from these the chiuoline is separated by 
fractional crystallisation of the platinum-salts, as above. (Williams.) 

Propertka. — Chinoline is a transparent, colourlesn, strongly refracting, mobile oil, 
which neither wckens or freezes at — 20® C. (Ho f in a ii n, B r o m eis). S^pecific gravity 
1-081 at 10® (Hofmann). It conducts electricity less readily than phenylamine 
(Hofmann), boils steadily at 238® C. and distils v-ithout alteration (Willi aras) : it 
evaporates even at ordinary temperatures, so that the oil-stain wliicli it produces on 
paper soon disappears. The vapour-density of chinoline boiling between 238® and 
^43® C. is 4*519 (Williams). Chinoline has a ^netrating odour, like that of phos- 
phorus and of hydrocyanic acid (Runge), of St. Ignatius’ bean (Gerhardt), of 
bitter-almond oil (Hofmann). It does not appear to be poisonous (Gerhardt). 
The aqueous solution kills leeches, but when introduced into the stomach of a rabbit, 
produces only transient convulsive symptoms and prostration of strength. It is 
alkaline to litmus and turmeric (Gerhardt, Bromeis); only to dahlia-paper 
(Hofmann). 

Several formulae have been proposed for chinoline. According to the analyses of 
Hofmann and Bromeis (made on chinoline containing lepidine, according to Williams), 
it is O'H^N ; Gerhardt at first regarded it as C*H*^NO, afterwards (Traiti, iv. 449) ;is 
The formula C*H’N, first suggested by Laurent, is confirmed by Williams’s 
aualyses of several of the salts ; the pure base does not appear to have been aimlyscil. 
The formula C®H’N gives for the vapour-density, calculated to two volumes, the number 
4*47 which a^ees very nearly with Williams’s determination. 

Chinoline is very sparingly soluble in cold water, rather more in hot water and is 
extracted from the solution by ether (Hofmann). When shaken up with water at 
0® C. it forms a clear oil containing 2C*H^N.3IPO, which at 15® C. gives up water and 
becomes turbid. Wiien chinoline saturated with water at 0® C. is heated to 100®, water 
and a little chinoline escape, and a clear hydrate remains, containing 2C”H*^N.H®0, 
which remains limpid and mobile at —20®, but is resolved by distillation into water and 
mi^drous chinoline. (Bromeis.) 

dhinoline mixes in all proportions with aidphide of carbon, alcohol, ether, wood- 
aldehyde, and aeetone ; it also mixes with both fixed and volatile. It 
diBSolves phosphortta, sulphur, and araenic, also common camphor and colophony, but 
not copal or caoutchouc. It does not coagulate albumin. 

Pecompoaitiona. — 1. Chinoline when set on fire, burns with a luminous but smol^ 
fiame. — 2. It becomes resinised by ex^iosure to the air. — 3. Chlorine instantly changes it 
into a black resin, with great nae of temperature and evolution of hydrochloric acid 
(Hofmann), into a yeOqw oil, which is decomposed by water, leaving a white 
insoluble sutMtaiioe (Williams). — 4. With bromine, it forms a similar resin (Hof- 
mann). — 5. Aqueous chinoline treated with a mixture of hydrochlorie acid and 
chlorate of poiaaaium rapidly becomes covered with a layer of orange-red oil, which 

solidifies to a tough mass on cooli^ (Hofmann) 6. Fu/ming nitric acid acts 

violently on chinoline, and converts it into a splendid mans of myst^ but does not 
form any products of decomposition (Gr. Williams). ~ 7. Chmoline immeiRately 
takes film m contact with diy chromic add, and is resinised by aqueous chromic acid 
(Hofmann). — 8. Permanganate of potaaaium decomposes chinoline into oxalic acid 
and ammonia Hofmann). ^Potaaaium dissolves in chinoUne, with evoluUoii of hy- 
drogsii, but without colounng. On melting potassium in chinoline vapour, cyanide of 
potassium is formed. ChinoUne vapour pawwd over burnt tartar, remains for the most 
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part nnehaiiged, Imt forms a small quantity of cyanide of potassium (Hofmann). ** 
10. Chinoline paosed oyer quick lime (Hofmann), or 9oda4ime (BromeisX 

suffers little or no dwmposition. — 11. Enclos^in a sealed tube with iodide of meik^ 
and heated for ten minutes to 100® C., it is changed into cxystals of hydriodate of methyl* 
chinoline. In lilce manner, it is eonyerted by iodide of etktfl into hydriodate of ethyl* 
chinoline, and by iodide of nmy/ into hydriodate of am vl -chi noline (Williams). — • 
12. Chinoline become warm when mixed with sulphate of /w« My/ (sometimes disengag- 
ing vapour of methylic ether and methylic alcohol), and forma, if complete combinat ion 
has been promoted by heat, a liquid aoluble in water, which, when excess of snlpliate 
of methyl is present, deposits separate crystals. The liquid is rendered turbid by 
potash or ba^ta, and separates oil-drops, which at first become red, then green, 
finally violet, and when heated pass into a beautiful violet resin, 9mthpiirhi»e^ with 
formation of sharp, strongly smelling, condensable vajiours. At the same time a brown 
resin and a sulphomethylate are formed. Cliinoline, lieat-ed to boiling witli eulpUrtte 
cf ctkpty forms a colourless liquid, wliieli, whtni Iniiled with strong caustic p<d«sh, de- 
posits a violet resin, tthpNiriiiinc^ insoluble in ether, and ii brown resin soluble in ether, 
while an ethylsulphato remains dissolve<i, and a shaim nontnd oil. sinking in water, 
passes over, which, if immediately inix<Ml with dichlorido of platmura, yields heantifiil 
needles, but soon decomposes (v. Baho), — 13. Chloride of natt/l ucio \\d\ont\y on 
chinoline, forming a crystalline very deliquescent muss (Williams). — 14. With 
cyanate of ethyl, it solidifies into a cirstalliue mass consisting of phenyl-chinyl-car- 
bamide, Na(CO)''.C«H*C»H‘ H» 

Chinoline Salts. — Chinoline unites with acids, forming salts #hich crysfalliso 
easily (Williams). It precipitates salts of aluminium and ferrieum, and renders 
lead-salts and ferrous salts slightly turbid (Hofmann). Acoording to Gerhanlt, it 
precipitates nitrate of silver, but not ferric nifratt*. 

Chinoline salts are decomposed by fixed alkalis ; also by ammonia at a moderate 
heat ; but at high temperatures, chinoline expels ammonia. l)ry chlnoline-salta treated 
with phonylamiiie, emit the odour of chinoline. (Hofmann.) 

Chlorhydrate or Hydrochloratn of Chinoline. — Chinoline absorbs hydro- 
chloric acid gas violently,’ and with evolution of heat, and solidifies on cooling to 
white crj'stals, wliich take up more hydrochloric acid, becoming rod and liquid, and on 
again cooling, solidify to a deliquescent, slightly erystallino mass, llenco chinoline 
appears to form both a neutral and an acid liydrochlorato (Bromois). Wlien hydro- 
chloric acid gas is passed over chinoline dissolved in ether, the liydrochlornte soparak^s 
in heavy viscous i^ops, which after a while become slightly cirstallino (Hofmann). 
Mixed with solutions of metallic chloridea, it forms double salts, which for the most 
part crystallise readily. 

Chlorantimonite. — Chinoline forms with trichlorido of antimony a whit^reeipitato, 
which dissolves in boiling hydrochloric acid, and crystallises on cooling (Jlofinanii). 

Chloro-aurate, C"H’N.HCl.AuCl* — Delicate canary -yellow needles, perinaiient in 
the air, sparingly soluble in water, and containing, when dried at 100® C. 41 '85 per 
cent, of gold ; the formula recpiires 42 0 per (W i 1 1 i am s.) 

Chlorocadmate. C*H’N.HCl.CdCl*. — The concentrated solutions of hydrochlonito of 
chinoline and chloride of cadmium solidify to a pulp when mixed : the dilute solutions 
yield white permanent noodles, which give off 2 at. water at 100® C., volatilise ctjin- 
pletcly at a nighor temperature, and arc sparingly wduble in alcohol. (Wi lliams.) 

CluoroTnercurate, C*II'N.Hg"Cl*. — White precipitate, which is not decomposed by 
boiling water (Hofmann), and sopamtos on cooling in beautiful pearly plates 
(Bromeis). It smells of chinoline, and has a very bitter, disagreeably metallic tasto. 
According to Hofmann*s analysis, it contains per cent. C, 17*6 Cl, and 49*0 Hg^ 
the formula requiring 27*0 C, 17*75 Cl, and 50*0 Hg. 

Chloropailadite. 2(C*H^N.HCl).PdCl'‘*. — Chestnut -brown crystals, containing 20*90 
per cent. Pd ; by calculation 21*18 per cent. (W i 1 1 i a m s. ) 

ChloropUUinate. 2(C*H*N.HCl).PtCD. — Yellow crystalline prncipikito, which dis- 
solves in 393 pte. of water at 0. (Wi lliams). The salt obtairierl by fractional 
c^stallisation, fourteen times repeato*!, from a yKirtion of the bases (prepared from 
cinchonine, p. 869), boiling between 238° and 243®. yielded 32*36 per cent. C, 2*74 H, 
and 29*29 Pt, the formula requiring 32*06 C, 2*58 II, and 29*19 Cl. (Williams.) 

CklorostannUe, fiydrochlorato of chinoline forms with protochloride of tin a yel- 
low, heavy oil, which afterward becomes crystalline, and dissolves with difficulty in 
aioohoL (Hofmann.) 

Chloro^uranate. 2(C»H'N.HCI).(U*07'Cia.— Concontmted solutions of ammonio- 
ehloride of manyl and hydr^hlorate of chinoline solidify when mixed : dilute ■®lu- 
tiona yield beautiful yellow prisms, containing (at 100® C.) 31*87 yot ^t. C, 2*77 H, 
20^7 a, the formuU requiring 32 05 C, 2*37 H. and 21*07 Cl. (Williams.) 
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Chromate of Chromic acid forms a yellow crystalline precipitate 

wWith chinoline (Gerhardt, Hofmann). Dilute chromic acid added in excess to 
aqueous chinoline (obtained from cinchonine), throws down a small quantity of resinmu 
matter, which becomes crystalline when robbed with a glass rotl, dissolves in boiling 
water after filtering and washing, and is deposited in brilliant needles on cooling, it 
detonates when heated, but not after addition of hydrochloric acid. The crystals gave 
by analysis, 45*08 per cent. C, 3*49 H, and 22*34 Cr, agreeing very nearly with the 
formula 2C‘‘H^N.H'**0.2CrO* (Williams). Chinoline from coal-tar did not yield a 
ciystallised commund with chromic acid, but only oily drops, even when the impurities 
which could be destroyed by chromic acid had been removed. (Williams.) 

nitrate of Chinoline , — Solution of chinoline in excess of nitric acid, leaves when 
evaporated over the watex*-bath, a pasty mass, winch solidifies on cooling, and when 
crystallised from hot alcohol, forms white needles, permanent in the air, infusible at 
100® C., and consisting of C*H^N.HNO^ (Williams). £asily soluble in water and 
alcohol, insoluble in ether. (H o f m a n n.) 

Oxalate of Chinoline^ is a confiisisd, radiating, unctuous mass, easily soluble in 
water, alcohol, and ether (II o f m a n n). An acid oxtSate^ C“H’N.C*H®0^ is obtained on 
mixing a solution of 16*5 pts. oxalic acid in a small quantity of water with 243 pts. 
of chinoline, as a soft, white, crystalline mass, w'hich when recrystallised firom alcohol, 
forms slender needles having a sDky lustre. It decomposes at 100® C., with evolution 
of chinoline. (Williams.) 

When^ chinoline containing phenylamine is dissolved in alcohol or ether, and mixed 
with alcoholic oxalic acid, almost all the oxalate of phenylamine is deposited after a 
few hours, while oxalate of chinoline remains in solution. (Hofmann.) 

Picrate of Chinoline resembles picrate of phenylamine. (Hofmann.) 

B%Uphate of Chinoline, — Crystallisable and deliquescent. (Gerhardt and 
Hofmann.) 

Ta nnate of Ch inolin c.-*— Chinoline forms with infusion of galls, a yellowish-brown 
precipitate (Hofmann) ; a white flocculent precipitate, soluble in boiling water and 
in alcohol. (Gerhardt.) 

Substitution^Derivativee of Chinoline, 

Mbtktl-ohinolikb. C'®H»N=N.H.CmC*H* (Gr. Williams. Ed.Phil. Trans, 
xxi. f 3] 677.) — Not known in the free state, at least in definite form. The hydriodaU is 
obtained in fine crystals, by heating chinoline and iodid^:pf methyl together to 100® C. 
in a sealed tube for ten minutes. It is decomposed by oxide of silver, forming iodide 
of silver, and an unstable, strongly alkaline solution, which when heated with potash 
emits a suffocating odour, probably arising from methylamine. The platinum-saft, 
2(C**H*N.HCl).PtCP, is obtained as a sparingly soluble suit, by decomposing the 
solution of the hydriodato with nitrate of silver, precipitating the excess of silver 
with hydrochloric acid, and adding tetrachloride of platinum to the filtrate. 

Ethtl-chinolinb, C’»H”N - N.H.C*H».C*H*. (Gr. Williams, loc, cit) 

Chinoline treated with iodide of ethyl, as in the preparation of hydriodate of 
methylchinoline, yiel^, after distilling off the excess of iodide of ethyl, crystals of 
hydriodate of ethylchinoline. On treating these crystals with oxide of silver and water 
(if this is done in the water-bath, a volatile product escapes which attacks the eyes), 
and filtering off the iodide of silver, a colourless, strongly alkaline solution of cthjd- 
chinoline is obtained, which decomposes on evaporation in the water-bath, assuming a 
carmine colour, and on the edges emerald-green, afterwards changing to a beautiful 
blue. It expels ammonia from sal-ammoniac. It precipitates chloride of merciuy and 
the salts of lead, iron, and copper. 

Hydriodate of Ethylchinolinef C**H**N,HI, forms cubes when recrystallised from al- 
eohoL It is more soluble in water than in alcohol. It gives by analysis, 46*6 per cent C, 
4*4 H, and 44*1 1, the formula requiring 46*3 C, 4*9 H, and 44*6 1. 

At 100® C., it becomes transiently blood-red. It is decomposed by sulphate of silver, 
forming iodide of silver, and a liquid which is colourless at first, but on evaporation 
over the water-bath, assumes a carmine colour, dark blue at the edges, and when diy 
leaves a blackish-r^ mass having a coppery Instre. The mass forms with water a 
dark carmine solution, which is colonred scarlet by hydrochloric and nitric acids, and 
rose-red by ammonia; with potash, it forms a violet precipitate whidb is but sparm|ply 
soluble in water, but dissolves in alcohol, forming a carmine-red solution. Dicbl^de 
of plidinnm princes in the hydrochloric add solution of the predpitate, a bulky, 
insoluble douole saltk of a higher atomic weight than the platuLum-salt of hjdrocfalonts 
of ethylehisolme. 

fta&eum-ealt of Blby^kincllim* 2(C**H‘*K,HCl).PtCl*.— Golden-yellow, nparinglj 
■oluble precipitate. ^ 
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Beqieetiiig ▼. Babo’s compounds, metkyU and rthyhirisine^ which nppcar to be iso? 
meric with methyU and ethyl-chinoline, seo p. 870 ; also the names of the sttbsttiuA, 
themselTss. 

Amti.-chikoi.iii*, N.H.C*H»C*H* (Gr. Williams, toe. cfY.)— A 

mixture of chinoliue and iodide of amyl heated in a sealed tube for several hours to 
100® Cm deposits beautiful crystals of tho hydriodate, C“U*»N.III. The piatinum* 
9 aUp 2(C*^H*^N.HCl).PtCl\ is sparingly soluble in wat»*r, insoluble in other-alcohol. 

Hydriodate of amyl-ch incline heated with alkalis, yields u fine blue colour, which 
may be used os a dye. To prepare it, 1 pt. by weight of emde cliinoline is to he l^oilcd 
for ten minutes with 1 J pts. of iodide of amyl. The mixture, from being str^w-colourt’d 
becomes deep reddish-brown, and solidifies on cooling to a mass of crystals. Tliis 
product of the reaction is to be boiled for about ten iiiiiinr.es with 6 pts. of water, and, 
when dissolved, filtered through paper. The filtered liqiiiil is to bo gently boiled in 
an enamelled iron pan over a small fire, and exeess of nin?nonia gradually uddeil. 
Tho ebullition may be prolonged with iid vantage for on** luuir, the eva|a)rution of the 
liquid being compensated for by tho gradual addition of weak solution of aininonia, 
prepared by the iwimixture of equal volumes of aininonia of tlie density of 0*880 ami 
mstilled water. The hour having elapsed, the whole is allowed to cool, when the 
colour will almost entirely have precipitated, heaving tht* siqieriiatant liquid nearly 
colourless. On pouring the fluid away (preferably through a filter, in onler to retain 
floating particles of colour) tho dish will be found to contain resinous looking musses 
which diMolve readily in alcohol, yielding a rich purplish-hluo solution, which may bo 
filtered and kept for use. 

The colour prepared os above is of a purplish tint, but if a purer blue be required 
the following modification is to bo r€‘.sortcd to. Tlie filtered aqueous solution of liy- 
driodateof amyl-chinoline, is, as before, to be brought to the bniluig temperature ; but 
instead of adding ammonia, a solniion of caustic jiot.ash containing about one-fitYh of 
its weight of solid potash is to be substituted. The aildition is to bo continued at 
intcrvala until three-fourths as much potash has been added ns is erjuivalent. to the 
iodine in the iodide of amyl used. The fluid may, after a quarter of an hour’s ebul- 
lition, bo filtered to separate the resinous colour. Theprt>diict is a gorgeous blue with 
scarcely any shade of red. On adding the other fourth of jx>tash to the filtrate whilo 
gently boiling, a black mass will be precipitated containing all the red, which other- 
wise would have been mixed with the blue. This mass dissolves rc*adily in nlcofiol, 
yielding a rich purple solution containing, however, an excess of red. The alcoholic 
eolation, on filtration, leave* on the filter a dark mass soluble in benzene, and us some* 
times prepared, alTording a brilliant emcrald-grccn solution of great beauty. It is not 
always easy to obtain tliis green colour. 

It is only the chinolinc prepared from cinchonine that yields these colouring matters : 
a fact which points to an essential difiTcwnce between this product and the isomcrio 
base found among the products of the distillation of coal. Cinchonine distilliMl with 
excess of potash, yields alxiut 66 per cent, of cru<le chinolinc ; and all the distillate 
which, on rectification (p. 869), aistils above 199® or 209® C. (390® or 408®F.), up 
to the highest range of the mercurial thermoniPt**r, is suitable for the preparation 
of the colour. One pt. of this distillate and pts. iodide of amyl, yield 23 pts, of 
blue dye containing 4 per cent, of solid colouring matter. (Gr. Williams, Cht^iicai 
1861, p. 219.) 

Chinoline-violet sndehinolinc-blue are resinous substances, which present a coppery 
appearance by reflected light, but when in very thin layers, appear of a violet or nlua 
colour by transmitted light. They are has<*H and dissolve in acids, forming pale re<l 
gluttons, which ammonia restores to their original cfdours. They are slightly soluble 
in hot water. Tannin precipitates them from their aqueous solutions, apparently 
forming an insoluble compound. Reducing agents do not affect their s^iade ox colour. 
(W. H. Perkin, Cbero. Soc. Qu. J. xiv. 246.) 

Two volumes of chinoline-blue mixed with 1 vol. of Magenta pink (fiisehine), of the 
ordinaiy strength found in commerce, form a fine purple inclining lo blue ( W i Iliums). 
When chlorine is paased through an alcoholic solution of ehiiioline-bhie. a green 
liquid is produced, which is perhaps the green spoken of by Williams, (Perkin.) 

CXnromk Syn. with QuiNoifB. 

OKSO&XTau A fluoride of aluminium and sodium, Na*Al*F*, occfirring at Miask 
u the Ural, in snow-white, translucent, octahedral crystals, of the dtm(4ric system, 
in which the principal is to the socondaiy axes as 1*077 : 1 ; also massive, granular 
xusembling isryolite, with cxystalline structure. Specific gravity 272 (Hermann); 
2*842 — 2*808 (Bammelsberg). Hardness 4, Analysis by Hermann (J. pr. 
CSlCfli. xzxviL 188), gave 23*78 per cent. Na, 18*60 Al, the formula requiring 23*4 and 
18*8. Fuae* eMUty oemt the blowpipe, and givef ibe reaction of fluorinr. (Dana, ii. 08.) 
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# i kmi v (from ^ (Odier, M4m, Soc. d^Hiat Nat de Fork, L m 

^?fcL*i«s«igne, J. Chim. m^d. ix, 379; Compt rend, xvL 1087.—Payen, Compt reS 
227.— C. Schmidt, iTwr vergUichendm PhyMogie der wirbillosm 
1845, p. 32; and Ann. Ch. Phann. liy. 298.— Lehmann, Jabresber. d. |^es. Jled 
1844, p. 7.— Pr4my, Ann. Ch. Phyfl. [3] xliii. 94; Schlossberger, Ann. Ch. Pharm. 
zcriii. 99. — Stadeler, ibtd, cxi. 21. — Cerh. Traiti, iv, 535. — Pelouze et FrAmy, 
7>aiti, ri. 93.) — The name given by Odier to the organic substance which forms the 
eljtrse and integuments of insects and the carapaces of Crustacea. It. may be obtained 
by ezhaustiiig the wing-cases of cockchafers successively with water, alcohol, ether, 
acetic acid,^ and boiling alkalis. The final residue retains completely the form of the 
wing-cases. Fr4my prepares chitin by treating the tegumentfuy skeleton of a crus- 
taceous animal with cold dilute hydrochloric aciA to remove calcareous salts ; washing 
with distilled water; boiling for several hours with solution of potash, which removes 
adhering albuminous substances, and lias no action upon chitin ; again washing with 
distilled water ; and purifying the residue with alcohol and ether. 

Chitin thus prepared is solid, transparent^ of horny aspect, insoluble in water, alco- 
hol, and ether. It is coloured brown by solution of iodine. Alkalis have no action 
upon it. By boiling with dilute acids, it is resolved into glucose and a nitrogenous 
compound. (Stadeler.) 

When chitin (from the c^irapace of the crab) is boiled for several hours with dilute 
sulphuric acid, only the softer membranes are attacked, while the more solid integu- 
ments become loose and soft, and form, after pressing and washing with water, a mass 
having almost the consistence of starch. The acid liquid supersaturated with lime, 
and then neutralised with sulphuric acid, yields neither tyrosiiie nor leucine, but con- 
tains ammonia, together with amorphous sugar, inasmuch as it precipitates cuprous 
oxide abundantly from an alkaline solution of cupric oxide (Htadeler). Berthelot 
(Ann. Ch. Phys. [3] Ivi. 149) likewise obtained sugar from chitin (prepared from the 
integuments of lobsters, crabs, and cantharides,) by macerating it in strong sulphuric 
acid till it was dissolved, dropping the solution into one hundred times its volume of 
boiling water, boiling for an hour, saturating with chalk, &c. 

The above-mentioned pasty residue is coloured brown-red by iodine, like unaltered 
chitin, and by prolonged boiling with sulphuric acid, yields an additional’ quantity of 
sugar, while the undissolved portion always contains nitrogen. The same substance, 
after removal of the acid, forms with water a turbid emulsion, which takes a long time 
to clarify, and dries up by spontaneous evaporation to a soft skin-like membrane, which 
exhibits, with iodine-water, the same reactions as the original chitin. (Stadeler.) 
The composition of chitin is determined by the following analyses : — 


Carbon . 
Hydrogen 
Nitrogen 
Oxygen 


aiul7se$. 

46*64 

6*60 

666 

40*20 

100*00 


Lehmann. 

Schlottberger. 

Stadeler. 

Cafeutaifon 

46*73 

46*64 

46*32 

46*36 

6*69 

6*60 

6*66 

6*44 

6*49 

6*56 

614 

6*01 

40*19 

40*20 

40*89 

41*20 

100*00 

100*00 

100*00 

100*00 


Pr4my found in chitin 43*36 carbon, 6*66 h 3 'drogen and no nitrogen, whence he re- 
nrds chitin as isomeric with cellulose (44*4 C, 6*2 II, and 49*4 O). Gerhardt regarded 
Fumy's results as more correct than those of the German chemists, because chitin 
yields by dry distillation only acetic acid and empyreumatic oil, without any ammonia, 
and the products of its putrefaction under water are different fnm those of most nitro- 
genous substances. But the analyses above given exhibit a closeness of agreement 
which could scarcely be expected if the substances operated upon had been impure. 
(See Gbi^luiosb, p. 818.) 

Stadeler regards chitin as a glucoside, C*H**NO*, which is resolved boiling with 
acids into glucose and lactamide (or alanine or sarcosine) ; 

C»H'»NO* + 2H*0 - C*H*»0* -i- 

If this decomposition really takes place, lactic acid should likewise be obtained as 
a pTOQuet of the transformation of the lactamide or alanine ; but the preecnee of 
lactic acid among the products has not yet been demonstrated. Stadeler also suggests 
that chitin (at least in Crustacea) may be &rmed bl the union of lactate of anunonium 
with gu:^ and elimination of water: 

[CWO»H.NH« -I- - OWNO« + 2tPO}, H 

Acid lactau of Gum. OhUia. .^v 

ammoolum ^ “T ‘ 

In aa mnd i as he haa frmnd gum in the juicea of eraha and other emaUMiak, and the pre- 
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ffgmob oi Iftctie aisid in thn gastric juice of the lower animals is bv no nieadui inin 
probable. ^ 

COfinrUTmu A e^phide of lead and bismuth, also coubuuing copper, ftOlin 
Chiviate in Peru, where it ^nra, with p^rrites and heavy spur, in foliated masarci 
dearable in three directions in one aone, one making an angle with the second of IdS^, 
and with the third of 133®. Specidc gravity 6-920 ; colour load-gre\ ; lustre metaUio. 
According to Bammelsberg's analysis (Pogg. Ann. Uxxviii. 320) it contains 18*00 S, 
60*06 Bi, 16*73 Pb, 2*42 Co, 1*02 he, with trace of silver, and 0*69 insoluble matter 
(■> 99*71), whence the formula 2(Pb*;Cu*)S.Bi*S*. (Dana, ii. 77.) 

CH&A3>mmk See Mstboritbs. 

CB&OAmRXTAi Native arsenide of nickel containing cobalt, also called white 
nickeL (See Nickel). 

cnOCASBXTBAJIKZBS. Syn. with Thiciiloraobtavidr (p. 6), 

CB&ORj^CBTABftZO AOZB* Syn. with TKTRACHLaRACETAMiDH (p. 6). 

Cii&OBAOSIfAimDS* See AcBTAftriDB (p. 6). 

CB&O&AClsnC ACXB8* Two of these comj)oiimlM are known, viz. mono- and 
M-chloracetic acids, both being produced by the action of chlorine gas on glacial iieetae 
acid under the influence of light, the former wlien the acid is in excess, the latter 
when the chlorine and the acetic acid uro brought togetlier in tlio exact proportions 
required for its formation. ^ The triehlonnut^nl acid is likewise produced in several 
other reactions. jDichloracetic acid has not yet been obtained, at least in definite form. 

Monoobloracetlo iloid, or simply Clilornootlo AoMU C’H^CIO -«C^ll*CU>. 
H.O. (R. Hoffmann, Ann. Cli. Pharm. cii. 1.) -Dumas had observed that, in the 
preparation of trichloracetic acid by the action of chlorine on acetic aciil in sunshine, 
a lower substitution-product is always obtained, esiiecially if tlio acetic acid is in ex-* 
cess, in the form of an uncrystaUiKubbi acid, wliieli liowever he did not succeed in pre- 
paring in the separate stiile. K. Leblanc afterwards obtained this aei«l, the monochior- 
actic acid, in the foiin of u colourlcHS liquid, by passing cldorine through glacial ocotie 
acid in the shade ; his j^rwluct however was not quite pure. More rcceiitly lloffhinnn 
has shown that the chief pro<lu<’t of the action of chlorine on excess of atretic acid in 
sunshine, is monocblorucetic acid, and that this at'id, when pure, is solid and crystal- 
line at ordinary temperatures. 

Preparation. — 1, A tubulated retort of about 1 litre ca|)acity and containing from 
half a pound to a pound of glacial acetic acid, is placed in a bath containing a sutiirated 
solution of nitrate of sodium (lioiliug at 120'' 0.), and dry chlorine gas is passed into 
the retort by a tube inserted through fl»e tubuliire and tomiinating just above the 
liquid, 80 that the gas may mix i in mediately with the vapour of the acid. The neck 
of the retort having a wide glass tube attached to it, is directed upwards, so that any 
acetic acid which evaporates un decora jioscd may be condensed and flow bock again, 
while the hydrochloric acid and excess of chlorine escajic. Tlie whole apparatus is 
placed in the sunshine, and the evolution of chlorine is so regulated that the upper part 
of the retort always appears coloured by it. The stronger tlie light, the more rapid is 
the absorption of chlorine; but the action takes place, though slowly, even under a 
clouded sky. A very slow substitution of chlorine for hydrogen likewise takes place in 
the dark and at ordinoiw lemporaturcs. As the fonnation of chioracctic acid goes on, 
the action slackens, so tnat it is beat, after iilx>ut fifteen hours' exposure to sunriiino, or 
twice as long to difi^sed daylight, to exped the excp.ss of chlorine nrom the apparatus by 
a steam of dry air, and rectify the jiroduct in a smaller rebirt. The portion which dis- 
tils below 130® C. consists almost wholly of unaltered acetic acid, and may be used in 
a subsequent preparation. That which passes over b<*tween mo® and 190® is easily se- 
parated, by repeated rectification, into acetic and a thick liquid which boils lietween 
186® and 187®, and either solidfics immediately into a muss of whitq needle-shaped 
ciTstaJs, or yields after some time, hirge, isolated, transparent, colourless rhombic 
tables, while the greater portion remains liquid, but if shaken up or stirred urith a 
glass rod, solidifies suddenly and witli consiileralde rise of temfK*rature, the crystals 
previously formed becoming opaque and while like popcjelain. The ciystulline mass, 
which melts between 46® and 47®, consists of nearly pure Tnoiio<*hlorac<‘tic acid, mixed 
however with a certain quantity of liquid, which may be removed by decantation mid 
Mpid pressa^ and used, together with the portion of the original liquid which distilled 
Mow 130®, in a subsequent preparation. The expresm'd crystals arc* placed on I»ibu- 
™s paper and completely dried in vacuo over oil of vitriol and a few lumps of hydrate 
ffpoli lisiitm, and tnen redistiUed, the first and last portions of the distillate being ro- 
' As they are veiy ddiqnescent they should be kept as much as possible from 
fthaedr. (Hoffmann.) 

Ill iixst dipBlation and in the subsequent rectifications, there is obtained a small 
quontitj of s liqoid which boils aliove 190®, and appea» to eontain an acetic acid with 
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more than 1 at. hydrc^n replaced by chlorine. It yielded in different experimenta 
firom 4S to ^0 per cent, of chlorine, which does not i^ee with the formula either of 
dichloracetic (requiring 55*04) or of trichloracetic acid (requiring 65* 13 per cent of 
chlorine). In one experiment, this liquid, on being saturated with baryta, yielded, 
besides monochloracetate of barium, a small quantity of small, opaque, warty crystals, 
the composition of which seemed to show that they contained a higher chlorinuted 
acid ; but in no instance, even when the purest crystallised acetic acid was used and 
the absorption took place in the brightest sunshine, whs any definite dichloracetic oi 
triehloracetio obtained, the chief product being invariably monochloracetic acid. 
Neither was any oxalic acid formed, as in Dumas’ preparation of trichloracetic acid 
(p. 877). (Hoffmann.) 

2. Monochloracetic acid is also obtained in a state of purity by the action of water 
on monochlorinated chloride of acetyL On distilling the liquid, the thermometer rises 
from 100® to 180®, and the liquid which passes over at that temperature solidifies in 
ft ciystalline mass on cooling. (Wurtz.) 

Prcpertiea . — The acid ciystallises from fusion in rhombic table^having acute angles 
of 77® or 78®; from solution in acetic acid — e.g. from the liquids obtained in tlie 
first distillation between 180® and 186®, and between 186® and 190® — in crystals hav- 
ing a prismatic character, and very much resembling those of trichloracetic acid. Melt- 
ing point 62®. It contracts strongly in solidifying, and generally gives off numerous 
air-bubbles. The specific gravity of the melted acid at 73®, is 1*366 as compared with 
water at 19®, and 1*3947 compared with water at 73®. Boiling point from 185® to 
187*8®. It distils undecompoaed, and when pure solidifies in the neck of the retort; 
but if mixed with acetic acid, remains liquid below its ordinary point of solidification. 
When kept for some time at a temperature near its melting point, it sublimes in long 

• spicular crystals. It is nearly inodorous at ordinary temperatures, but its vapour has 
a pungent suffocating odour. It lias a strong acid taste, attacks the cuticle, and raises 
blisters if kept on it for some time. It deliquesces in the air, and dissolves very easily 
in water^ producing considerable fall of temperature. 

Decomjpoaitiona. — 1. The acid is decomposed by pentacMoride of phosphonut^ with 
formation of oxychloride of phosphorus and monochlorinated chloride of acetyl, but the 
two chlorides cannot be separated by distillation, as they both boil at about 110®. 
When the product was repeatedly distilled with small portions of acid chloracetate of 
potassium, the residues of the last distillations yielded at high temperatures a laige 
proportion of chloracetic acid, the last portions of which boiled as high as 200®, and 
nad a more penetrating odour, probably arising from the presence of a small quantity 
of the anhydrous acid, — 2. The acid heated with potash-hy^ ammonia^ haryta-watrr, 
or immediately yields a chloride of the alkali-metal and glycollic acid. 

(Kekal4.) 

C*H*ClMO» -I- H*0 «. MCI + C»H*0» 

8. Chloracetic acid is reduced by potassium-amalgam or sodium-amalgam to acetic 
ftcid, in the same manner as trichloracetic acid ; the decomposition is however incom- 
plete and is attended with evolution of hydrogen. (Hoffmann.) 

The Ohlo&acetatbs, 0*H'^C1M0^ are obtained by digesting the oxides or carbo- 
nates in the aqueous acid : they are for the most part easily soluble and crystallisable. 

Chloracetate of Ammonium decomposes by evaporation like the pHOtassium-salt. 
It is more soluble than that salt, and solidifies only from a perfectly viscid solution, in 
the form of a crystalline cake, which deliquesces on exposure to the air. 

Chlo r acetate of Barium* C*H*Cl*Ba"0* + 2H*0. — May be obtained, even with 
very small quantities of material, in distinct prismatic crystals, apparently belonging 
to the trimetric system, and containing 39*99 per cent, barium (by calculation 40*06). 
Decomposes but little during evaporation, and separates out almost completely on cool- 
ing from a hot saturated solution. (Hoffmann.) 

Chloracetate of Botaeeium. a. Neutral. 2C*H*ClKO’ + 3H^O. — Obtained 
by* saturating the acid with carbonate of potassium and evaporating to a syrup in vacuo 

* over oil of vUadoL It then separates in thin colourless Uminm, which may be obtain^ 
pure by draining on bibulous paper. It is not deliquescent, and does not give up its 
water of crystallisation at 100® C., but is decomposed at a b^her temperature, yielding 
chloride of potassium, glycollic acid, and a small quantity of gljcolide^ C*H*Q*. 
(Kekal5, Ann. Ch. Pharm. cv. 288): 

OTEHJIKO* - Xa + C*H*0*. 

It is also decomposed when its solution is evaporated at a gentle heat. It Is xtaej so- 
lvable in wfttsfr. After diying in vacuo, it yielaed 24*63 per cent po t a ssium (I 7 Men- 
lutioii, 24*55). f * 

A AM. G*EraKO*.C>H*aO^->.When a solution of the neutnaMlt is mixed with 
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•It loach oeul os it already contauis, the whole solidiflea to a thick pulp of email while 
pearly ciyetala,* which may bo poriiled by droijiiiig on bibulous paper or by diying over 
oil of ritrioL Sparingly soluble in water. 

Ch%orae€tQ,i€^ of Sil vtT^ C*II*ClAgO*.— A hot solution of the acid saturated with 
oxide of silver, yields the salt on cooli^ in splendid rhombol'dal, iridescent laminss 
(W u rt a).— Anhydrous. Delves sparingly in cold, more readily in hot water, and is 
easily obtained by croling, in small nacreous scales, which blacken on ex[>osure to 
light, and yield chloride of silver. Between 110 and 120® C. it decomposes with a kind 
of explosion, emitting the same odour as the acid when it evaporates, and leaving 
chloride of silver, mixed with a very small quantity of metallic silver. 

Chloracetate of Eihyl. C^H^CIO* - C*H«C10* O'H*. (E. Willm, Ann. Ch. 

Phys. [3] xlix. 97*) — Obtained by the action oT alcohol on monochlorinated chloride of 
acetyl: 

C*H-0 + C«H*CPO - C*H'C10* + HCL 

The action, which iq vexr violout, must bo moderated by cooling the vessel externally, 
and as soon as it is tBnished, the product may be washed with water, dehydrated by 
clilorido of calcium and rectified. 

Colourless liquid, having an ethereal odour and burning taste, heavier than water 
and insoluble in that liquid. Boils at 143®'5 C. when the barometer stands at 738® mnu 
Va^up-density 4*46. 

The ether bums with a bright flame, green at the edges. It is decomposed by 
potash, into alcohol and clilonicctic a.c?id, which then sufiers further doconiposiUoUp 
yielding cliloride and acetate of potassium. 

TriolilorMetlo Aold. C*HC1*0* » C%Jl*<).H.O. (Dumas, J. Chira. m4d. vi. 
639; also Ann. Ch. Pharm. xxxii. 101; Ann. Ch. IMiys. Ixxiii. 76; Molsons, Ann, 
Ch. Phys. [3] x. 233 ; Maluguti, Ann. Ch. Phy.«i. 13] xvi. 10 ; K olbo, Ann. Ch. Pharm. 
liv. 182; Qm. ix. 209; Gorh. i. 749.) — This acid was discovered by Dumas in 1839. 
It is produced : 1. By the action of G at. dry cJiioriiie gas on 1 at. glacial acetic acid in 
sunshine (Dumas): 

cm*0^ + 6C1 -= dICPO* + 3IIC1. 

2. In the oxidation of soIuVdc chloral by a mixture of hydrochloric acid and chlorats 
of iKitussium, and of chloral either soluble or insoluble, by fuming nitric acid(Kolbe): 

C^HCPO + O - C*HC1*0*. 

3. By the action of chlorine gas in sunshine on dichloride of carbon covered with a 
layer of water (Kolbe) : 

C»C1« + 2H*0 + CP - C>HC1*0» + 3HC1; 

part of the C^CP is at the same time converted into C^CP. — 4. In the decomposition 
of chloride of trichloracetyi (chloruldehydu) by water (Malaguti): 

C*CPO + H*0 » C^llCPO* + HCl. 

5. In the decomposition of perchlorinated formic ether by water (Cloes, Ann. Ch. 
Phys. [3] xvii. 300) : 

C*CPO* + 2IPO « C»HCPO» -f CO» + 3HCI. 

Preparation.*^!, When glacial acetic acid is cxf>oscd to the sun in bottles of 6 or 6 
litres capacity (in the proj^rtion of 0*8 or 0*9 grins, of the acid to 1 Litre of chlorine) 
crystals of trichloracetic acid make their appearance in alxmt a day, together with a 
small quantity of oxalic acid. On opening the bottles, a mixture of hydrochloric acid 
gas with a small quantity of carl>oi]ic acid and a suffocating vapour, escapes with force. 
The bottles are then left open for some hours, till the gaseous mixture is completely ex- 
pelled, and washed out with a small quantity of water, whereby a concentrated solution 
of trichloracetic acid is obtained, mixed, however, with hydrochlorio acid, undecom- 
posed acetic acid, and oxalic acid. When this srdution is evaporated in vacuo over oil 
of vitriol and hydrate of potassium, water, hydrochloric aci^ and part of the acetic 
acid escape, ana the solution then yields ciystals, first of oxalic, afterw^ls of trichlor^ 
acetic acid. The mother-liquor distilled with phosphoric anhydride, which decomposes 
the oxalic acid, yields a distillate of acetic acid, and then, on changing the receiver, of 
trichloracetic acid, which soon solidifies to a crystalline mass. Lastly, the crystals 
in left for some hours in vacuo on several sheets of white blotting paper, so that the 
admixed acetic acid may soak into the paper. (Dumaa.) 

2, Insoluble chloral is treated with fuming nitric acid, and the action, which is at 
first attended with evolution of heat and abundant evolution of red fames, is aftcrwanls 
assisted by the app||ication of a gentle heat, till the flakes of inis>luble chloral have com- 
pletely disappeaied; the greater part of the excess of nitric acid is then distilled off; 
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«od the remaini^ portion ie left to emptorate in Tieuo om oil of Titriol and 
of jpotaAsiiun. (Systalliaed trichloracetic acid then remidae^ free from nitri 
and oxalic acid, but generallj retaining tracee of chloiaL fKolb e.) 

3. 'V^en dichloride of carbon, is placed in a ^>ttle filled with chloriiip ^ 
covered, with a film of water, and exp(»ed to the sun, ^ere is formed, besides 0^ 
an aqueous solution of trichloracetic acid, which majjr b%^ obtained in the mystalliiii 
state by evaporation in vacuo over oil of vitriol and lime. (Kolbe.) 

4. Chloraldehyde is dissolved in water ; and the solution containing hydrochloric tck 
is evaporated in vacuo over oil of vitriol and hydrate of potassium, whereby trichlor 
acetic acid is obtained in beautiful crystals. (Malaguti.) 

Properties, — Trichloracetic acid forms colourless rhombohedrons. It melts abov( 
46^ 0., and in cooling begins to solidify at 45^ ; if the mass be then shaken, the tern 
perature rises to 46®, which is therefore the melting point. In the fused state, it ha 
a density of 1’617 at 46®, that of water at 15® being 1*000. Boils between 196® Htu 
200® without any decomposition, and sublimes in the form of a silvery crust. Vapour 
density^ ■» 5*3, by calculation 6'637, the difference arising from partial decomposition 
The acid has a faint odour at ordinary temperatures, but when heated till it volatilises 
it emits a pungent and sufibcating odour. It has a caustic, sour taste, and mtikes t1i< 
tongue white, like peroxide of hydrogen. It destroys the cuticle, causing it to peel ol 
on the following ^y, and if left for some time on the skin, produces blisters. 1 
reddens litmus strongly, but does not bleach it, even after a considerable time. I 
deliquesces in the mr and dissolves readily in water. (Dumas.) 

Preompoptions, — 1. When the acid is heated with strong sulphuric add^ part of i 
distilB over unchanged, and ctystallises in rhombohedrons ; the rest is resolved int 
bydrodhloric acid, carbonic anhydride, and carbonic oxide (Dumas). [Perhaps in thi 
man^Ku; C*HC1*0* + H*0 = 3H01 + CO + CO’-*]. — 2. Wlien it is heated wh 
exce^Of potash-BoluUont ebullition takes place, continuing after the vessel has bet* 
removed &>m the fire; the first products of the action are chloroform and carbonat 
of potassium ; but pu farther boiling with the alkaline liquid, the chloroform is resolve 
into formate and cblMde of potassium. (Duma s.) — First : 

C*Ha*0* -I- K»0 ^ CHOP + K*C0» 
then: CHOP + 2K«0 « CHKO* + 3KCL 

When the acid is boiled with baryta-water, carbonate of barium is precipitated an 
chloroform evolved (Dumas). — 3. The acid boiled with excess of ammonia^ is rc 
solved into carbonate pfi ammonium, which sublimes, and chloroform, which sinks dow 
as an oil (Dumas) : ^ 

0*H01»0* + (NH‘)*0 n= (NH*)* CO* + CHa*. 

4. Aqueous trichloracetic acid, or either of its salts dissolved in water, is decompose 
hy potadi^um-amaJgam (1 pL potassium to 150 pts. mercury) with evolution of hca 
and reconverted into acetate of potassium (Melsens). If the amalgam is not i 
excess in proportion to the acid, no hydrogen is evolved. Antimonide of potass! iin 
or potaaslum alone, or sine with sulphuric acid, does not effect the transformatioi 
but causes an evolution of hydrogen gas (Melsens). — If instead of 6 at potassiun 
only 3 at be used in the form of potassium-amalgam, no acetic acid is produced, bu 
apparent^ an acid containing a smaller quantity of chlorine than trichloracetic ack 

5. Zmo wssolves in aqueous trichloracetic acid, and forms, besides chloride of sim 
a rinc-salt which appears to contain dichJomcetic acid C*C1*H|0*. Trichloraceti 
acid is also r^uced to acetic acid in the galvanic circuit of a tw<^Mir Bupsen's zinc 
earbon battery, with electrodes of amalgamated zinc. (Kolbe.) 

TxiCHxpBXCBTATBS. — Trlchloracetic acid is monobasic, like aefSp ^d, th 
Ihrmula of its saltilieing C*MC1*0*. ^ 

Trichloraestaie of Ammonium, C*(NH*)C1*0* + 2H*0. — The :i|qi5ms nri< 
saturated with ammonia, and evaporated at ordinary temperaturia^ eitlalur In vacu' 
or in the air, yields crystals (Dumas). The salt is Ukewise product when trichlor 
acetamide is brought in contact with aqueous ammonia or ve^ dilute nitric acii 
(Malaguti, does). It crystallises in brautiful prisms (containing 2 ah water, melt 
at 80® ; boils between 110® and 115® C., giving off vapours of cblorofrrmr and acid car 
bonate of ammoniuin, the latter appeazu^ in peculiar abundance at 145® ; an^solidifle 
mi 160® in yellowish, micaceous scalo^ of anhydrous trichloracetate of anunonim 
wSieh are tasteless^ dissolve readily in water, and give off ammonia when treated wiU 
potash, even in the cold. At a higher tempeiuture^ these scales fhse, ud are resdlTec 
mto carbonic oxidiv phosgmie, and sal'^mmoniae vapour. (MalagutL) 
JDeoomposition of die crystallised salt : ; - 

<?(NH«)CIH)* + 2H»0 CHOI* + + HK). ' 




CffijOBACBTONES >-CHLOBAGETTt>HmE. 




IMiiqpMftbw of the aid^jdiaw 

0%9^*)C!I^ - C» + CCI*0 + »H«a 

.■*■ BK).— The a^ttemu Mid tiev- 


^ i with carbonate of pdiaeBium yielda by epontaneaiw eyaporation, aUlcy needlei^ 
wliid& decoiDpcMse with a kiii^ of detonation when gently beated» and i^bim only a 
quantity of water whoii exposed to damp air. (Diiinua.) 

end Calcium aalt$ are neutral and dissolve veiy readily in water, 

0iimun,) 

^ TricAloracetaie of Silver, C*AgClH>» — Eecently precipitated oxide of ailver 
imnufreed in the aqueous acid is converted into grey laminae which disfiolve in a hu^r 
quantity of watei; and crystallise therefrom by evai)oration in vacuo over oil of vitnol 
and in the dark^ in ctystalline granules and laminae. The salt is veiy readily decom- 
posed 1^ light. Wlien heated on a sheet of paper, it detonates violently, giving ofT. 
the same ^our as trichloracetic acid when it evaponitos, and leaves vegetations f»f 
puM cUoride of silver. If it be moistened with alcohol and the alcohol set on fire^ it 
decomposes more quietly, and witliout projection. (Dumas.) 

Trichloraeetate of Ethyl, IVichloravetic Eth^r, C*CI*0*.C*H*. -—Obtained 
either by distilling trichloracetic acid with alcohol and a small quai^tity of sulphurie 
acid (Dumis), or by gradually adding chloraldehyde to alcohol. (Maliiguti.) 
C»C1^0 + <7H-0 - C*CPO*.C^H» + HCL 

Chloral* 

dehyde. 

The product obtained by either of thoso processes is precipitated by watef, washed 
with water, and dried over chloride of calcium. It is a colonrloss oil, sineUihg lika 
peppermint. Specific gravity 1;167. Boiling point 164<>. Vapour-density 0*(t4k- 

Aqueous decomposes it> forming alcohol and trichloraeetate of potastinklh : 

c*ci«o«.cni‘ + KUO == cni*o + c*ci»ko*. 


Ammonia converts into triohloracetamide, N.IT* O’Cl’O (p. 22)ii 
Exposed to the action of chlorine in daylight, and in direct sunshine, it yields the 
same pn>ducta as acetate of ethyl (p. 22). It is isomc'ric with the compouna obtained 
by passing dry chlonno througn clicliloracefic ether contained in a vessel, the upper 
part of which is protected fi*om the light. The two compounds aro distinguished 
from each other by their behaviour with jKitash, the latter yielding, not tricliloraceUts 
of {xdassium, but chloride of fi^itassium, deliquescent chlorinated potassium-salts, and 
a sweet oily liquid no longer dccoin|>osiblc! by |)ofaHh, (Leblanc.) 

The higher chlorinated compounds produced by the action of clilorine on acetate of 
ethyl may be regarded as compounds of trichloracetic acid with Hhyl in which the hy- 
drogeu is more or less replaced by chlorine. : thus tetnichloracetio ether rj*H*Cl*0* 
« C»C1»0*.C*H*C1; perchloracetic ether, C*CI*0* - C»CI*0«.C*C1» AU tbass com* 
pounds, indeed, when treated with potash, yield trichloraeetate of potassium, e,g, i 


C«C1»0» + 2KnO = 2C*C1»K0* + 2HCL 
Some of them however appear to be susceptible of isomeric modifications. 

Trichloraeetate of Methyl. (7C1*0''.CH*.— Obtained by processes exactly 
similar to those which yield the ethyl-eom pound, viz. by distilling the acid with wchkI- 
spirit and sulphuric acid, or by the action of wnod-spnrit on cliloraldehyde* It is a 
colourless oil, hearier than water, and smelling like peppermint. It. is isomeric with 
Ills compound obtained by the ju'tion of chlorine on acetate of methyl. The 

two eompohnds are not however idc.iifical; for the former is converted by potash into 
methyl-ulocdiol and triehloracetaio of (lotussium (together with formate and chloride ■ 
ef potasrinm^KSulring from the further action of the potash, p. 4^; the latter when 
treated frith jpoliah yields chloride and formate of {xitassium, togetner w^th cblorome* 
tfa^a^OHpL (Laurent, see p. 23.) 

IMfdkhiiiefeifte of methyl exposed to the action of chlorine in sunshine, is eonvertea 
into perchloromethjlie acetate, C*C]*0^ a compound also produced by the oontinned 
netioD of chlorine on acetate of methyl 
CH&OBACMPOWaS. See AcBTOim (p. 20). 

^^ w- ^B A fW n t WIT T Lll. See Acstonttrilb (p, 33). 
i ri r fiOM iA f l T ■ ¥ ■ C*HK10. — The radjbliii>f chloracet ic acid, chlorscetanii^lcb 
TrUkhmee^ 0*C1*0, is the ra^de of trichloracetic acid, tridiloracetamide, ehloss], 
eldoraldebyd^ ehloraiide, ficc. 

CS&OKAOVnMntS* Trichloraeephoephide, Pkoephide of Triehloraeeiyl and 
^idrcgen, OWCl^TO - P.H*,C?a»0.— This compound, the analogue of triehlor- 
n oeiaw tidfi, to ptoduecd by tiie ntsl^on of chloride or tricliloracetyl on phosphoretted 
bS'ritqgmi: 

c*ci»o.a + FH* - Ha + p.n .ocTO, 




is passed into 


a diglitily aUiaceons odour and bitter 
temperatures, but decomposes when 
~ 'phosphoric acid. It is inimluble in 
ipirit (Cloez, Ann. CJh. Phya. [3]. 


C*Cl*O.H.-.This body was 
189), and fhrthelr examined by 
\lin. Ch, Phann. Ixi. 101). It 
cohol: 

6Ha 


also, togetk^ w{t}t 

heated 

^iaste. It in the air at 

^^pjl^ted, ^lea^nng a carbonaeeoiu residue coni 
mter ; sligh^j soluble in alcohol, ether, and s 

^seamed by Liebig iir^f!^|89!K (An^ 

nuniM (Ann. Ch. Phys. [9] Iv^ 123) &nd Stw^ieV 
ijf ttiO ultunate product of the action of ddorine^upon 

■“ ^ c^H«o +. ci*^^ iy:kci*o + 

Ptd^bly tW alcohol is Erst (JioaiyelifEi^ into aldehyde by abstraction of 2H ; and in 
this com^hnd $H are afterwards i^laced by 8^ (see Alcohol). Choral cannot, 
howevetp^ obti^ed by the direct action of . chlorine on aldehyde; it appears to be 
Induced ih the ihstance, but is quickly convesited into ptW product. For the 
pduction of ch^wlrem alcohol, it is absolutely neceeaaiy Jhat thealccM he anhy- 
boa ; if water is pr^ent, aldehyde, acetal, acetic acid, acetic ether, ahd^»|ber pro- 
Kts aaris 'formed instead^if chloral ; these products also accompany the even 

when the preparation is made with absolute alcohol (see Alcohol, j^ecompostft'on 
Chiprine, p. 74). Chloral is also produced by the action of chlorine on starch or 
ftt^. (Stadeler.) 

J^r^ration. — Pro^ alcohol. ^ Pure and dry chlorine gas is pS^ssed into absolute 
aleohial contained in a tubulated retort having its neck directed upwards, and fitted 

with a long condensing tube, which passes down 
127* .6 to the bulbpand projects considerably above the 

# , I extremity of the neck to cany off uncondensed 

gases ; the chlorine is introduced through the 
tubulus. Or the albohol may be cCntained in a 
tube bent, as shown in^y, 127i the middle por- 
tion being 2 or 3 ft. long, and placed at a slight 
inclination, so that the chlorine entering at the 
• " lower part, may pass through a cedumn of alcoliol 

of considerable length but no great height. Tho 
chlorine is best evolwed^ftom a mixture of common salt, peroxide of mai^^anese and 
sulphuric aoid^which gives it off more regularly than hydrochloriaiaid and manganese) ; 
it mwt be passed drat through a wash-bottle containing water, and then through sul- 
phumacid or over ^loride of calcium, t9 dry it. The unabsorbed chlorine, together 
wit^^'kArdroehlori^ acid gas and vapour of hydrochloric ether, may be passed into two 
bottles, and thence into the open air, so that the operator may not be annoyed 
^by the oomm^cement of the operation, the alcohol is cooled by adbsion of cold 

:’4s'UtSjb, to preyeut it frosn taking fire and depositiug soot ; but afterwards, when tho 
absonption of the cbloriii^ diminishes, and the liquid assume a yeUow ecdour, it must 
be ^dqally heated, And at last nearly to. the boiling po!iut; 200 grammes of al^hol 
j^uire tlte passage of a fUpid stream of chorine to be continued for 16 or 20 hoursi 
%iTolying a consumption of about 1200 litres of ahlorine gas. The alcohol badomes 
wmitinuidly thudiap, acquires a higher boiling point, and is finally eonyerted ^to a 
be&vy syr^'y]|i:i^ after standing for some days;'' solidifies completidy to a soft^ whits 



mystallitj^ 
..bydrpchlotie adi 
b^id, 

^mes itt bulk 
thadr 


_ of hydrate ef chloral, together wi^ a small quantify of 
imdecomposed alcohol^. CV'uds Hydrate of Choral, a sample 
l^id, agitated with four Aimes its volume of sulphurie adid» and 

J|P asidi^ doBi>||||^;b hovt^ form a solid stratum twlubte ddgral above the 

■yi the chlorine must be oonfiboked ^ a^auU 
'mass is heated till it melts, f toA 

uric acid, which does not heat orbla^e^p; llknt re^ ti|U 
has risev io the top ofi^the sulphuric acid,.a Ksidt wl^ch may 
gentle heating ; and ^tbe tnuuparent, eolmorlfito film ci| ifiiloral i« 
by means id a pipette, std^Miriu add AP>>taiim 

l^eiel^MTOnyer^ into insoluble chloil^^^ ^AsUy, li^* 

^which has beifn slaked and su b UW jh j ^ ^^lp^^ 'Jto ' add, care 

being taken tbk»ep thww^ole of tniHBM 'bslOnir ^ it Will 

otherwise decoaqpose thw^mur ai^ b^jlMe tSii iniiiMr tb« diloral 

is obtained tolerably pure; but it still eonj^^m tradfib of w^jw and 
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may t>e mnoimd 
Hn6 reclifltKl otcv 1 


^ EW^bfiiiKi in 

(Li«bi«.v >?r f 

2. Bjr dustilliiig sUrcb or sugar bj^rocbloric acid and peroxi4l» 6f tnnfiyiitia# 
(Stadolar). 1 pt. of starchf or gra^*itigar) or common sugar, is goutly h^itodwitli 
7 pts. of commercial hydrochloric a^d free from sulphurous acid tiud dUttt^Kl #ltih a^i 
equal Tofaune of water* till the paste (tomed when starch is used) Iws beoome fluidr 
the liquid, when cold, is int^uce%together with 2 pts, of inungan^ and a smaU 
quantity of oommon salt (to fix tho jimpliuric acid produced from the sulphturotvi acid 
in the oommenual hydro^lprisNiii^ into a oapacious fiask, iu which it is heated as 
quickly as possible to the boiling foiht; and the fire is then ctmipletcly removed* The 
mass swells up, gmng off a large quantity of carbonic acid, uud continues to boil 
for some time by itself. As soon as the ebullition slackens, it must be kept up by 
fr^h application of heat, and the distillate collected, as long us it beepmes turbid wh«<u ^ 
mixed with tolerably strong potash-ley (in con^uence of separation of chloroforai ^ 
€rom the chloral). More Bydrachloric acid is tH<m repeatedly introdused into the flask 
by small po rtions, till the distillate no longer smells of cliloi‘ul, or bocj^cs tushid ririth 
potash. watery distillate is carefully t>oed from the colourless "til-drops, heavlrip 
than widsiity|gid. pmeiluig of chloroform, which nro producLMl at the beginning of the 
'distillafiju)H|^ and saturated with common salt, in ordor to ruiso its boiling point ntidl 
retain It is then redistilled, and the resulting disUJhito is fre^ from# 

eUlphui^wow very pungent oil, and distilled Hcveral tiint^s more wifli common 
the oily drops being each time removed, in order to obtain a«|ueoiis chloral as concen- 
trated as possible, and as free as possibU from the yellow oil, which greuMy irupsdaa 
the porifllcation. 

The removal of tills oil is facilitated by saturating the distillate, before ouch reotifi* 
cation, t;rith chalk, which docomposos the oil, but docs not attack the chloral Thu 
ooncentritfed solution of chloral is saturated with ilry chloride of calciuip, and d|u» 
tilled in an oil-bsih at 120° C. Hydrate of chloral th<*n passes over, ns ' Sl ’C olourless 
liquid, which seflidifies in the receiver into a cr3^«tallino muss. The lost portions d 
the distr^Uate xre contammsted with a brown oily substance. 1. From tno hydrate ' 
of eliloral thus obtained, the anhydrous chloral may bo separated by distlUatlon, and 
purified in the manner above described. (Htiideler.) 

Properties , — Chloral is a thin colourless oil, gri'asy to the touch, and makinBMrreasu* 
on paper, which, however, soon disappear. SfMrifie gmvify ^ 1 ‘602 at 18^., 

Jit 0°, 1*4903 at 22°, Boils at 94'4° (Liebig); iit 98'(> when tlie batHiinoter standi* at 
760 nira. (Ij^opp), and distils without decomposition. Vhijjour-density * d’13. It has a 
peculiar pufrgeut odour, and excites a copiou-s flow of tcMi-s : its taste is greasy and slightly 
astringent. It acts very strongly on the skin, csjiecially when its boiung vapour comea 
in contact therewith. It has no acid reaction, even wJjpii dissolved in water, and does 
no^pecipitate a solution cf silver. 

mixed with a small quantity of w’ater, it becomes heated and solidifies, foriiilii|g,|h 
mass of crystals of hydrate of choraf, : a largrr quantity of water^iV 

solves it, and Ihe solution evaporated in vacuo deposits the iiydrate of ddoral in iarg«;^ 
rhombic laniiniB. The hydrate volatilisi s graduiill^’ in the air, and distils without 
decomposition when heat^ Its vaponr-<lonsiiy is ‘i'76. ’ 

GMoral dissolves also iu alcohol and in^ ether. It absorbs chlorino gaa'wdthofit 
furthor change, and readily dissolves iodine^ bromine, sulphur, and phosphorus, espeui#'^ 
nUywnUn heated. The iodine-solution has a purple- colour, 

ikeeympomUona, — 1. Chloral is under certein cm-uinslanccH inclined to pass into 
an ioomeric insoluble modiflcution (p. 64). — 2. Anhydroiis rdiloral ilistUs, for the most 
|>^ unchanged, with strong sulphuric acid ; Imt when hydrate of eliloral is lieat^'d 
with that acid, part Of the ciiloral distils ^er in the anliydrous stai^ whHo rest ia ^ 
converted mXo .chUralids 61), with evolution of hydrochloric nnd stllphurofik 
aci(^ md a trace of carbonic acid. This reaction serves for tl^ dfitecdon of chiorid 
in liqfiids. THa by several distil I ationsOfiV chloride of oideiuiri, 

Islieated forSom^rime, with six times its volume of strong sulphoric acid, to 125° C, 
and diluted, after cq^ling, with six measure of water. Chloralide thep iie|>aruti s out 
mixed with (imrlKiDaoamui particles ; and the mixture washed, pre?«scd^tyinten paper^ 
exhausted wit^ ether afia^'evaporatedt yields crystals of chloralide, whiffi may bC ^ 
furdier hetftiqg wi&' atllphuric acid and reerysfallisatibn frOin ether. 

a{&n|ririy aided by heat| converts chloral into frichlorae* tlf" ' 
arid: tb#ai£ke q2fecte4 ^ #fiuxturo of hy<livichloric acid and 

such as baiyte, stronlia, lime, 
enpric 6zlifl& i lM il fem ' l C ifa aad peioxida of manganese^ no action upon chloral, 
when thal liqiiid ia tnom. Ifi bowOver, inlho distillation of chloral over 

VoImX: ’ vv^'aL 
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amDtia or lime, apmtion of the oxide is lea d^, arifeiaeeof tilu^ 
uluated in dtloral rs^or merely to 100^, it becomes led-bo^ amd emple^h^ 
composes the cboral, vitb evolution of carlionio oxid^ and &nnafioii of a 
Ho chloride mixed with charcoal. — X Alkidis, either in the fojm ci eoHd h^drat^a 
or of aqneous solutions, decompose chloral readilj at ordinal^ tetii||fiRiture8, 
evolntioii of heat, converting it into formate of potassium and chlorofon^and a portion 
of the latter compound is f&ther decomposed, yielding formate and chloride of potus^ 
slum ; 

(mOl’O + KHO « CHKO’* + CHCl* . 


Formate ChlorofonD.-^ « 

of potaailam. 

and CHCl* + 4KHO - CHKO* + 8KC1 + 2H*0. 

—5. Vapour of chloral passed over red-hot iron yields carhonio oxide^ and chloride 
of iron mixed with charcoal. — 6. Potassium^ in contact with chloral, eliminates hydrogen, 
and forms a resinous body from which water extracts potash and choride of potassium! 
— 7. Chloral forms with ammonia a compound, which, like aldehyde-ammonia, reduces 
the specular form, andfi^m which sulphydric acid throws down a sulphuretted 
dfl&poimd apparentljjr analogous to thialdine (Stadoler, Ann. Ch. Pharm. evi 263). 
— T ^ ^phydrio aetd gas passed through an aqueous solution of chloral separntes 
a sparingly soluble crystalline compoimd, which is probably analogous to acetyl-mer- 
capten (p. 107), but decomposes much more easily, giving off sulphydric acid even 
during drying (S tade lor). —9. By boiling hydrate of chloi^ with hydrocyanic 
and hydrochloric acid^ a syrupy acid is formed resembling lactic acid. These last 
three reactions indicate a close analogy between chloral and aldehyde, which is further 
strengthened by the fact that chloral forms crystalline compounds with acid sulphites 
of alkaH-metab (Stadele r.) 

Insoluble Chloral^ Metachloral Gerh.i.671.) — Chloral is con- 

verted, under certain circumstances, into an isomeric modification insoluble in water. 
Thlii change takes place spontaneously when chloral is preserved in a stopperc^d 
bottle, or when it is placed in contact with a quantity of water not sufiSleient to eon- 
vertlt into^the hydrate. ^ Metacliloral thus prepared is pure, and has the same com- 
position as chloral. It is also produced, mixed, however, with a little chlorali<ic, 
l>y the action of sulphuric acid upon chloral. A layer of the crude hydrate of chloral 
obtained in the preparation of chloral from alcohol (p. 880), left in contact witli 
•trong: sulphuric acid, solidifies in a few hours into a mass of insoluble chloral. Ihire 
chlgral in contact with six times its volume of strong sulphuric acid, undergoes the 
flXIhd transformation in the course of a night. The metuchloral thus obtained may be 
purified from chloralide by pulverising, and washing it, first with water and then with 
alcohob 

Hetachloral is a white powder, greasy to the touch, and having a faint aromatic 
odour. It volatilises slowly in the air or in vacuo. It is insoluble in water, alcohol, 
and ether. When perfectly dry, it is reconverted by heat into soluble chloral, at 180°C, 
according to Kolbo, above 200*^ according to Kegnault, Heated with sulphuric acid, 
it^ partly dmtils over as soluble chloral, but a considerable portion is decomposeil, 
witn formation of ehloralide, and evolution of hydrochloric and sulphurous acids. By 
fuming nitric acid, ntetachloral is, like chloral, converted into trichloracetic acid ; but it 
is not attacked by a mixture of hydrochloric acid and chlorate of potassium. With 
solutions of the caustic alkalis, it behaves like ordinary chlorid, yielding an alkaline 
fonnate and chloroform ; but the quantity of the latter is less as the A«li is more 
concentrated. 


AJMmXO. 


See Chlobamtlal. 

^ This UEme was applied by Kane (Fogg. Ann. xliv. 

to a pungent vesicating liquid of specific gravity 1*38, ind Iwiling at 71® C., 
is obtained by jpaMing dty chlorine into ai^tone. Kane’s analysu gives 66*8 
r cent, chlorine; laebig ^na only 62*6 per cent. It is probably a mixture con- 
\ two or more of w c^oracetones (p. 29). 

PMIPIOWIC. Hydride of PenUteUofij^iii^^ C*Ol^<,H.. This 
body i8*foi^ smongst the products obtained distifling sNurch with a mixture of 
hydrochloric acid and peroxide of manganese. On saturating the add distillate with 
chalk or carbonate of sodium, and rectifying over a small quantity of cUoride of calcium, 
i 4he propionic chloral passes over among £e first portions, tether wi^ an oil. To 
remove the latter, the rectified distillate is agitaM severri timiee with ice-cold water, 
^wnd the cold satumted solution is decanted and heated, the propionic chloral then 
separatingin heavy drops having a foint yell^ odour. By diffusing thefo dnw 
through.. I^small quantity of water, and exposing them to a temperature of 0® C., 
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Cl^BALBIN — CHLORALDEHYDES. 

ealdnrloM tables are obtained, which may be purified from adhering oil by pressiire 
betweoa bibuloua paper. They consist of a hydrate containing 4 at. water : C*HCIK)*, 
4ll*0. (Stadeler, Haodw. d. Chem. Suppl. ii 706.) 

CK&OUUUUClsr. C*H*C1*. — A ciystalliuo substance confainotl in triohlorophenic 
aoid prepan^ by passing chlorine through cojil-tar. It is separated by trt»nting the 
crude acid sRth ammonia and alcohol, or better with ctlior, whereupon the elilonilbiu 
remains in very white needles ; it may he further purified by dissolving it in l^oiliug 
ether. It is but sparingly soluble in boiling alcohol, and insoluble in alkalis. It boils 
at 190® C., and cryptallises on cooling in fern-like tufto, - At a higher toniperature, 
it sublimii wifcout alteration and cryst^Ulises in needles. It is not attacked by hot 
nitric or ddlpfeirie a&id. (Laurent, Kov. soieiit. vi. 72.) 

Cgli01tA1bl>gaTlH>S> These crimpouiids are aldehydes ill which the hydrogen 
is more or leas replaced by chlorine, and may be reganlea us (h*rivtsl fKun the cor- 
responding acid* by the substitution of 1 or more at cliloriue for an equivalent 4 uantity 
of peroxide of hydrogen HO, thus : 

ChloraIit(‘h)‘ili>c. 

Acetic .... C-n»O.Cl CIPO.IIO 

•Trichloracetic . . . C^CTO.Cl C*Cl»O.Jro 

Nitric NO* Cl NO*.HO 

Sulphuric .... (SO-'l'^Cl* (SO*)".(H())* 

Phosphoric. . . . (PO)'".Cl* 

The chloraldehydas are a more numerous class of compounds than the alde- 
hydes themselTOS, including many com poumls usual ly denominated oxych I oriden, 
c. q, oxychloride of phospliorua. They bear to tlioir corresponding acids tho same 
relation that metallic chlorides bear to metallic hydrates. 

The term chloraldcbyde is also specially applied to the second compound in tlio 
above list, viz : 

Chloride of Trichloracetyl ovPcrchlorinatcd Acetic Aldehyde^ C*CPOw 
C*CrO.CL — This body, discovered by Malaguti (Ann. Ch. Phys. i. [2] xvi. 6); Gm. 
ix. 210 ; Gorh. i. 756), is a constant product of tho action of heat on the porchlorinuted 
ethylio (vinic) ethers. Thus: 

C«C1'*0 « C*C1^0 + C^Cl*. 

Fcrchlur. oKldu Sf’feqiiirlilorliln 

of ethyl. cjf atrhcMi. 

C»C1«0* C*CI<0 + COCl*. 

Ferchlor. for- Oxrchlorlite ' ‘ 

matfl of ethyl. of carbon. 

C'C1*0* « 2(7CPO 

Perchtor. ace- 
tate of ethyl. 

c»ci«*o» - aci*o + c*ci* + CO*. 

Pcrchlor. car- 
bonate of ethyl. 

C*C1J00« - 2C*Cl*0 + COCl* + CO. 

Ferchlor. oxa- 
late of ethyl. 

It Is best prepared from porchlorinated oxi<lo of ethyl, C*CI**0 (the product ob- 
tained by the continued action of chlorine in sunshine, on atihydrrjus ether). This 
compODod is resolved at 300® C. into chloride of trichloracetyl and trichloride of 
carbon; and by subjecting tho mixture to rejKjat-4Hl fractional distillation, tho tri- 
chloride of carMn is left behind, and the chloride of trichloracetyl is obtained pure. 
The rectification must bo continued till the distiilnto no longer sliows any turbidity 
when mixed with water- 

Chloraldehydo is a transparent, colourless liquid, of specific gravity 1*603 at 18® C. 
Boiling point 118®. Vapour-don sfty 6*32 (calc. 2 vol. 6*295). It gives off exccssivity 
pungent vapours on eaeposure to the air, and wlicti placed on tho tongue, first excitoM a 
•ensation of drynefis, raltl forms a white spot, and ultimaioly exerts a caustic action. 
It reddens litmus afl^ a few seconds. 

It sinks in water, afid gradually dissolves, forming a clear solution of hydrochlorie 
and triehloraoetie : the same decomposition is produced by aqueous solutions of 

the fixed alkalis: 

c*ci»o.a + H*o - Hci + c*a*o.n.o. 

When a small quantity of alcohol is poured upon it, great heat is evolved, and the 
tvhole is quickly volatilised ; but if the chloraldchyde bo slowly added to an excess of 
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alcohol, gradual decomposition takes place, attended with but little zise of temperatans 
the products being hydrochloric acid and trichloracetate of ethyl : 

C*CPO.Cl + C®HMLO = HCl + C^OTO.C^H^.O 

With ammonia itfbrms trichloracetamide (p. 22) ; 

€2C1»0.C1 + TXm * N.H*.C®C1«0 + NH^Cl, 

and with phosphoretted hydrogen, PH*, the analogous compound, chloracetyphide 
P.H* C*C1»0 (p. 879). 

CBK01Uk&Z2>B. C^HWO*. (Stadeler, Ann. Ch. Pharm. Ixi. 104.— Kekule, 
ibid, cv. 293.) — crystalline com^und obtained bv the action of sulphuric acid npou 
hydrate of chloral. To prepare it, hydrate of chloral is i^ently heated with 4 to 6 
times its volume of strong sulphuric acid, the mixture being well shaken, and then 
distilled at a boat between 120® and 130® C., as long as unaltered choral continues to 
pass over. This choral is reconverted into hydrate by addition of a little water, tlun 
poured back, and the distillation is repeated till the greater part of the chloral is 
decomposed. The sulphuric acid is then found to be covered with a colourless oily 
liquid, which solidifies on cooling into a wliito crystalline crust. This mass is hrokcu 
up, the sulphuric acid is drained oif, and the eiystals are washed with water, till tlie 
wash-water no longer reddens litmus ; they are then drietl between bibulous paper, and 
dissolved in ether, and the ethereal solution is mixed with ^ its volume of alcolin]. 
The chloralide then separates as the ether evaporates, in well-defined crystals, wliicli 
must be crystallised several times from a mixture of alcohol and ether, in order to fi rii 
them from an oily matter which adheres to them According to Kekule (Ann. Ch, 
Pharm. cv. 293), a purer and more abundant product is obtained by the action of 
fuming sulphuric acid on hydrate of chloral. Wlion chloral which has been oik-i* 
distilled over ordinaiy sulphuric acid, is mixed with an equal Tolume of acid, a IjirMro 
quantity of hydrochloric acid is evolved, and about one-third of the chloral is con- 
verted into chloralide. Carbonic oxide is also given off abundantly, together with a 
very small quantity of carbonic anhydride ; sulphurous anhydride occurs only towanls 
the end of the process. The oily distillate solidifies on cooling in a crystalline mass, 
which may be purified by ri.'ciystalHsation f^m boiling alcohol. 

KekulS explains the formation of chloralide and the accompanying products by the 
following equation : — 

sc^ncpo + H*o = c*H*ci«o» -I- snci + co. 

Stadeler, on the other hand, considers it improbable that the conversion of the chlonil 
into chloralide can be due to the action of water, inasmuch as fuming sulpliuric acid 
seems to act better than ordinary sulphuric acid. He supposes that a triple molecule 
of chloral (insoluble cliloral) splits up into chloralide and chloroform, according to the 
equation : 

3C’*HCPO « C»n=Cl“Os ^ CHCP, 

and attributes the evolution of carbonic oxide observed by Kekul6, to the resolution 
of a molecule of chloral into this gas and chloroform ; 

C^nCPO =. CO + CHCP. 


Chloralide is insoluble in water, and likewise in sulphuric acid. It dissolves sparingly 
in cold alcohol, but easily in boiling alcoliol and in ether. Prom a hot saturated al- 
coholic solution, it is deposited in very delicate white needles ; from a mixture of 
alcohol and ether, in stellate groups of rectangular prisms belonging to the monoelinic 
^stem, with oblique terminal faces, and generally having tlicir lateral edges truncated. 
They arc transparent and colourless, with a glassy lustre, and cleave with facility in a 
direction parallel to the prismatic faces. Chloralide melts between 112® and 114®C. 
to an oily liquid, emitting at the same time an odour like that of chloral ! it solidifies 
i^l08® (Kekul^). Chloralide burns at 200® (Stadeler); at 260® (Kekule) with 
alright flame, green at the edges. 

The alcoholic solution of chloralide does not precipitate nitrate of silver, but on 
adding a drop of ammonia^ a precipitate i.s immediately formed, consisting of chloride 
of silver. Chloralide ^4taniersed in aqueous potosh, is resolved into chloroform and 
formate of potas8iuraiib|kt Hf alcoholic solutions lire used, the only products are formate 
and (boride of ppt iipijlMir, compounds being in fact produced by the action of 

alcoholkrpotash uponlolMfiiPoib^ 

The ebmpositioii of been variously stated by different chemists. Sta- 

* -jjwho diflcoveied it, asngn^ to it the formula C*H*C1*0*, which is confirmed by 
it anieriments of KekulA Qerhardt (TVait^ i. 672) proposed the formula 
)♦ 5 <fm el in {ffandbool'. ix. 207)gave C®H*C1’*0*, apd in the Bandtadrterbuch 
Auil. i. 112, the formula is this compound. 
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The following table ezbibita the calculated composition of oldoralide, according to 
the pteoeding fominlse, as compared with the resolta of analysis : 

Calimtatiitu accordtftg to ; 


Analysi$: 



Stsdeler. 

Gerhardt. 

Gini^lln. 

llsnilw. 

StadttWr. 

Kekull. 


C»H*CPO» 

c?‘n>cio« 

C*H*C1*®0» 

17-i^ 

C*DCBO* 

tnms 

str-an 


, 18*61 

18*60 

18*65 

18*64 

1864 


. 0*62 

0*77 

0*39 

0*76 

0*77 

0*72 


. 66*88 

64*10 

68*62 

66-29 

66-20 

66*00 


. 14*89 

1663 

12*44 

14*98 




100*00 

ioooo 

10000 

100*00 




c 

H 

Cl 

o 


CR&OKA&OZ&. A product of the ucticR of chlorine upon aloin (p, 148). 

C*B&OIUL1kOTtZO ACZB.^ An acid produced, t(^|:;et1uT w'ith other substances, by 
the action of chlorous acid on uric acid. It crystiillisea in nacreous lain i mo ; forms 
cr}'Ftalli8ablo salts with barium and lead, and a curdy precipitato W'illi silversaita. 
It gave by analysis 27*3 per cent. C, 3 8 If, 28*1 N, ami 11*4 Cl, numbers which 
are approximately reprosentod by the forniuhi C“1P*N‘“C1*0". (^Schiel, Ann, Cli. 
IMiarm. cxii. 78.) 

CK&ORAMTXJIB. C*]CCIO (?) — A heavy liquid produced by the action of 
chlorine upon amylic alcohol (y. t*.) 

CB&ORAim. 8yn. w-itli rKUCiiLoiiOQriNONn, (See Uuikonb.) 

CBBORARZliAMIC iLCZD. Syii. with Diculoroquinonamio Acin. (Sco 
Quinonic acid). 

CBXiOBAimAMXDS. i^yii. w'ith Dichlouoqvdionamliib. (Sco Quinonio 
Acid.) 

CBl<OBAWn«J(LllIMOBB« Syn. with Pioui.onooniNONAMATK of AMMomiru. 

CBliOBAVlUC AGZD. Syu. with DiciiLOitOQUiNONtc Acid. (See Qitimomio 
Acid.) 

CZX&OBABZZiZBB. Syn. with CuLOitoriiENYLAMiNK. (See Pubnylahikh.) 

CB&OBABZ8ZO JLCZD, Sec Anisic Acid (p. 302). 

OBBOBA8TBOUT11, A mineral found on the sliores of InIo Kojale, Lako 
Superior, in small rounded w’ator-vi'om jH‘bbli‘H wliieh have come from tho trap. It 
has a finely radiated or stellate structure, light hluish-grccn colour, and pearly lustre 
slightly chatoyant on the rounded sides. Specific gravity 3*180. Hurdiiess 6, 
Analyses by "Pitney : 


SiO» APO* Fo‘()* C:iO 
36*99 26*49 6 48 19 90 

37*41 24*25 676 21*68 

Those numbers lead to the formula — 


3 


Na»() K'O 

3 70 0*40 

4-88 


H'O 
7*22 . 

6*77 


lOMH 

100*26 


+ CU*0. 


which, if M Ca, Na and m = (Al, Fo), may bo rctlucccl to that of an ort-hosihcate, 

(M*w^)Si»CF* + 2aq. , . , 

Tho mineral gives off wati^r when lioatctl, and mclls with inlumesconco boforo tho 
blowpipe to a greyish blebVjy glass. AVith borax it forms a tninsparent glass tinned 
with iron ; blue with cobalt solution. Dissolves in bydrochlonc acid, with separation 
of flocculent silica. (Dana, ii. 316.) 

OB1iOBATB8b Chloric acid, HCIO*, is monohasic and forms but one class of 
salts, having the genenil formula MCIO» or Tiny ar« all solublo in 

water, and are resolved by heat into oxygon and a mcti^Hic chloride.' (See CiiLOUic 
Acid under Ohlodinb, p. 910.) 

Ohloeatk of Aluminium is a deliquescent salt obtained by precipitating a 
solution of silico-fluoride of aluminium with an equivalent quantity of potassium, and 
evaporating the ^trate. (Berzelius.) 

Chloratb of Ammonium isobUincd by iwlding ammonia or the carbonate^ to 
chloric acid ; by precipitating an earthy chlorate with carboMto of ammonium ; or by 
adding finely divided chlorate of potassium by srnaU^|Z)^ni 'to a solution of silu o. 

flnoriife of ammonium, and filtering. It cryataUiw* m .lander o^lle». Iim a 
tarto, explode* when heated, and »metime«, according to.Mit«*eriich, even at ordinary 
teiDperatures. Dissolves easily in water and in alcohol 

CHtonaTa or Bai»ini..Ba"(C10 )*.-Prepare;l: 1. 
acid with baiytft'Watmir carbonate of barium, a. A Iwt solution of chlorate 
i. 3 i. 3 
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is precipitated with hydroflnosilicic acid in slight excess, and the filtrate is saturated 
with carbonate of barium, whereupon chlorate of barium dissolres, and a smaD quantity 
of silico-fiuoride of barium remains behind. The filtered solution yields ciystals of 
the chlorate by evaporation (Wheeler, Ann. Ch. Phm [2] vii. 74). A A solution 
of 27 pts. chlorate of sodium in fi4 pts. water is mixed with a solution of 38 pta. tar- 
taric acid in 38 pts. water ; thb mixture is thrown into double the quantity of absolute 
fdcohol; and the liquid, after standing 24 hours, is filtered from the crystallised 
tartrate of sodium, then saturated with carbonate of barium, See. (Du flos, N. Br. Arch, 
xxiii. 306.) c. Equivalent quantities of chlorate of potassium and acid tartrate of 
ammonium (122*6 pts. of the former to 167 of the latter) are dissolved in the smallest 
possible quantity of boiling water ; the liquid, after the acid tartrate of potassium has 
crystallised out, is mixed with an equal quantity of alcohol ; the filtrate decomposed by 
boiling with carbonate of barium, &c. (L. Thompson, Jahresber. f. Ohem. 1847 — 8, 
p. 381.) 

2. By passing chlorine into hot water in which baryta is partly suspended, partly 
dissolved. Chloride and chlorate of barium are then formed, the greater part of the 
chloride is suffered to crystallise out, and the rest is removed by adding phosphate of 
silver to the solution, in the exact quantity required. (Chenevix, Vauquelin, 
€hnelin*8 Handbook^ ii. 161.) 

Chlorate of barium forms hydrated prismatic crystals, 2BaC10* + H®0, belonging to 
the monocUnic system. Batio of ortliodiagonal, cHnodiagonal, and principal axis = 
0*882 : 1 : 1*07. Inclination of axes = 86° 30'; ooP : ooP in the orthodit^onal sec- 
tion ■=97°; [Boo] * [Boo]i ill the cHnodiagonal section =79° 10'. Ordinary com- 
bination cop . [P oo] . — P 00 ; also without — P oo ; also with ooP oo (Kopp, Krystallo* 
orayiAw?, p. 304), and less frequently with OP (Ramm elsberg, Pogg. Ann. xc. 16). 
The crystals are transparent and colourless, give off their water (47*2 per cent.) at 
120° C,, oxygen at 250°, and melt at a temperature above 400° (Wachter, Ann, 
Ch. Pharm. lii. 231; Souchay, ibid. cii. 381). The salt detonates powerfiilly with 
combustible bodies ; produces a green flame when heated with sulphur (Du flos); and 
emits a bright flashing light with strong sulphuric acid (Chenevix). It dissolves 
easily in water, but is insoluble in alcohol. The anhydrous salt dissolves in 4*38 
pts. of water at 0° 0., in 270 pts. at 20°, in 1*92 pts. at 40°, in 1*29 pts. at 60°, in 
1*02 pts. at 80°, and in 0*79 pts. at 100'^ (Kremers, Jaheresber. d. Chom. 1856, 
p. 274.) According to Hutstein (Arch. Pharm. [2] Ixxvii. 137) it emits Hght on 
ciystallising. 

Chlobatm of Calciu m, Ca"(C10*)* 211*0. — Prepared like the b.-irium-salt. 
Grystallises in deliquescent rhomboidal prisms, easily soluble in water and alcohol. 
They contain 16*6 p. c. water, melt in their water of crystallisation wlien gonlly 
heat^, and decompose at a higher temperature. (Gm. iii. 212.) 

Chiobatb of Cobalt, Co"(C10*)'* -h 611*0. — Crystallises in cubo-octahodrons. 
Decomposed by ignition into chlorine, oxygen, and a residue containing oxide and 
chloride of cobalt. (Wachter, Ann. Ch. Pharm. lii. 233.) 

Chlobatb of Coppeb, Cu"(C10*)* -r 6H“0. — A solution of cupric oxide in 
chloric acid yields green deliquescent octahedrons having a slight acid reaction, and 
soluble in alcohol. At 100° C. it gives off a few gas -bubbles, and at 260° suffers 
further decomposition, leaving a residue which is insoluble in water but soluble in 
acids, and appears to consist of a basic chlorate, inasmuch as its solution in nitric 
acid gives no precipitate with silver-salts. (Wachter, loc, cU.) Cupric chlorate 
detonates with bright green flame on glowing coals, and is much used in pyrotechny 
for the production of green fire. 

Crlobati of Lbad. Pb(ClO’)’ 4- H*0. — Rhomboidal prisms, which become dull 
and opaque by exposure to the air ; soluble in water and alcohol but not deliquescent. 
When heated, they leave oxychloride of lead containing Pb*C1^0. (Wachter.) 

Chlobatb of Lithium, 2LiC10* + H*0. — Radiated, very deliquescent mass, melting 
at 6° C., and giving off water at 140°, together with oxygen and small quantities of 
chlorine. Very soluble in alcohol. (Wachter.) 

Ghlobatx oFHAaivnsiuM, -4 ^^KJ^Crystalline crust, ewily soluble 

in alcohol, melting at 40° 0., and giving off to water at 120°. (Chenevix, 
Wlichter.) 

Cxlobatb of ]U[AiroAvasR,-»Golourle8s, known only in solution. 

CstOBAtas OF MiBOUBT.^The mercuric salt is obtained by disaolvii^ mercuric 
oxide m*wann chloric acid (T auqnelink or by heating mercuric oxide with succee- 
aive TOrtionii of chlorine-water, filtering mercuric oxychloride, and eonoentmting 
the Strata 4 mercuric chloride then ciystallisee out, while the chlorate remains in 
ioiutioii (Braamcamp and Biqueira.) Mercuric chlorate forms small deHqneaeant 
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needlcf. which ledden taste like the chloride, and are resolrod by heat intc 

oxygen gasi meicnroiia chloride, calomel, and metallic mercuiy. The salt doea not 
deflagrate on red-hot coala, but acts fire to sulphide of antimony at ordinary tempera- 
turea. (Gm. vii 62.) 

Afereurous Chlorate^ Hg*0.Cl*0* or (Hg*)"(C10*^*. — solution of mercurous 
oxide in chloric acid yields the salt in beautiful prismatic crystals, which dissolTe in 
water and in alcohol, and are resolved by heat into oxygen, metallic mercury, and 
calomel. (Wachter.) 

ChlohateopNickrl, Ni'XClO*)* + 6H*0, crystallisea in regular octahedrons of a 
deep green colour, deliquescent and soluble in alcohol. When boated, they give olT 
oxygen and chlorine, and leave a mixture of chloride and oxide of nickel ; at a very 
stio&g red heat, however, nothing but oxide remains behind. (Wachter.) 

Gbloratb op Potassium, KCIO*, or ifO.G/fA— This salt is an important 
article of manufacture, being used in the preparation of luoifer matches and for other 
purposes in the arts. It is prepared, either by passing chlorine into solution of potash 
or carbonate of potassium, whereby chlorate and chloride of potassium are formed, 
which are separated by crystallisation, the chlorate being much the less soluble of the 
two ; or by aecomposing chlorate of calcium with sulpliatc or chloride of potassium. 

1. A solution of 1 pt. hydrate of potassium in 3 pts. water is saturated with clilo- 
rine gas, whereby chloride and hypochlorite of potassium are produced, tho liquid . 
acquiring strong bleaching properties : 

2KHO + CP = KCIO 4^ K(n + II-O. 

The liquid is then left to itself for a day, or heated for some time to tho boiling iwint, 
whereby the hypochlorite is completely resolved into chloride and chlorate : 

3KC10 « 2KCI -e KCIO*. 

Tho ultimate result is to convert 6 at hydrate of potassium, by tho action of 6 at. 
chlorine, into 1 at. KCIO* and 6 at. KCl. It hsis been found that if a solution of 
potash either stronger or weaker than that above mentioned he used, part of tlie 
chloTite produced is decomposed into free oxygen and chloride of potassium. 

Tho scnution, when left to itself, deposits the greater part of the chlorate of pohis- 
eium in crystals, which may be purified from adhering chloride by rocrystallisatioii. 
The mother-liquor yields by concentration an additional quantity of chlorate, wiiieh, 
however, is more contaminated with chloride, and requires a greater number of crystal- 
lisations to purify it. The test of purity is that the solution is not clouded by a drop 
of nitrate of silver. 

Carbonate of potassium may be used for tho preparation instead of caustic {ratash. 
In that case a considerable quantity of acid carbonate of potassium is formed in the 
early stage of the process, ana crystallises on the sides of the vessels ; but on continiliw 
the passage of the chlorine, this salt is decom^sod, with evolution of carbonic alfd, 
the ultimate products being chlorate and chloride of ^tassium as before. 

Carbonate of potassium may also be used in the solid form, being lai«l on shelves or 
trays in a chamber into which chlorine gas is introduced, just as in the manufacture 
of bleaching powder. Wlien the absorption of the clilorine is complete, the product 
is dissolved in water, and the chlorate crystallises out, os above doscribi'd. 

2. Hypochlorite of calcium, or bleaching powder, the so-called “chloride of lime 

is made into a “cream with water, and submitted to continuous boiling or ovaporsr 
tion to dryness, whereby it is resolved into a mixture of chlorate and chloride of 
calcium (p, 910), a change the completion of which is indicated by tho loss of bleach- 
ing properties in the mass. The residue, after evaporation, is treated with water, and 
cldoride or sulphate of potassium is added, when-oy tlio chlorate of calcium is^ de- 
composed, with production of chlorate of potassium and chloride or su^hate of calcium. 
The chlorate, amounting to about « of the weight of chloride of lime employed, is 
separated from sulphate of calcium by tho insolubility of the latter, or from chloride 
of calcium by crystallisation. ^ . .# 1.1 • i.- u 

The process now generally employed consists in a modification of the last,^ in wniCQ 
the chloride of lime is formed in same operation aa the chlorate itself, instead of 
stortiDg from a previously manufhctaied bleaching powder. Excess of chlorine la 
passed into a mixture of 300 pts- caustic lime and 164 of chloride of potassium with 
1600 water, the operation being performed in close leaden funks, heated by steam ana 
provided with agitators. A man-lid, through which the tank can he cleansed or 
repaired, and one or two wide tubes descending nearly to the bottom vesikii, 

through which materials can be introduced, complete the anungement. iluruig the 
action, the temperature rises to about 200^ F. Alter the completion of this operation, 
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tbe liquid is filtered and evaporated nearly to dryness by steam heat ; and the resultinff 
mass IS redissolved in hot water set to'c^stallise. ^ 

The whole of the chloride of cawim remains in the mother-liquor^ wd the ciystala 
of chlorate are rendered fit for the maAiet by slight washing and draining. The reac- 
tion upon which this operatian dmnds is represented by the following equation : 

KCl + sdrO + 6C1 => KCIO* + 3Ca"Cl*. 


In this process, 164 pts. KOI give more than 200 pts. KCIO*, while, by the method 
of direct saturation, 116 pts. caustic potash yield onW 30 pts. of that salt; attlie 
same time, no by-product is formed except cmoride of calcium. The c^stallisable 
xnother-liquprs o/ this manufacture consist, within 1 or 2 per cent., entirely of this 
Salt^ and may be decomposed either by an addition of sulphate of potassium or of car- 
bonate of sodium. In the former case, sulphate of calcium is precipitated, avail- 
able in the manufacture of paper, while chloride of potassium remains in solu- 
tion, and may be recovered by evaporation, to be employed in the prejparation of fresh 
portions of chlorate: in the latter, carbonate of calcium, the creta prsecipitata " of 
the druggist, is precipitated, and is largely employed by the pharmaceutist and the 
perfumer. Nearly the whole of the waste liquors of the English manufacturer are 
converted into the latter product. 

Carbonate instead of chloride of potassium may also be mixed with the quick lime : 
in that case, on treating the mixture with water, after it has been exposed to the 
action of chlorine, the whole of the lime remains as carbonate, while chloride and chlo- 
rate of j^tassium are dissolved. (Gm. iii. 69, Ure*s Dictionary of Arts, Manu/actuns 
and i. 66.) 

Properties . — Chlorate of potassium crystallises in anhydrous six-sided laminie, more 
rarely in needles. The crystals belong to the monoclinic system. Eatio of ortho- 
diagonal, cliiiodiagonal, and principal axis 1*360 : 1 : 0*804. Inclination of axes » 
70® 11'. Ordinary combination ooP , OP . +P. +2Poo; also twin-crystals. Cleav- 
Ag^arallel to ooP and OP. 

Chlorate of potassium is but slightly soluble in cold water. The quantities dissolved 
by 100 pts. of water at difierent temperatures, as determined by Gay-Lussac, are given 
in the following table : 


at 0® C. 
16*37® 
24*43® 
36*02® 


. 3*3 pts, 
. 6*03 „ 

. 8*44 „ 

. 12*06 „ 


at 49*06® C. . . 18*98 pts. 

74*39® . . 86*40 „ 

104*78® . . 60*24 „ 


It is insoluble in absolute alcoboL 

Chlorate of potassium is permanent in the air at ordinary temperatures, but is 
easily decomposed by heat, being at first resolved into chloride and perchlorate 
of ^tassium, with a small quantity of free oxygen: 2KC10* « KCl + KCIO* + 0* 
while at a higher temperature the whole of the oxygen is given off (3916 per cent 
of its weight in all), and chloride of potassium remains. 

The decomposition is greatly facilitated by npxing the chlorate with peroxide of 
manganese or oxide of copper, the whqle- 6f thl oxygen of the chlorate oeing then 
given ofif at a low beat without pre’rions formation of perchlorate :, auch a mix- 
tinre is veiy convenient for the evolution of oxygen. The metallic oxide does not 
undergo any alteration, appearing to act merely by dividing the particles of the chlo- 
rate and preventing them from fiuing into a mass. 

Chlorate of potassium is a powerful oxidising agent, and detonates violently when 
mixed with certain combustible bodies and struck or heated. Triturated in a mortar 
vrith flowers ofsidphur, it p^uces a series of sharp detonations. A mixture of the 
•alt with sulphitie of antimony fire when triturated, sometimes wiUi explosion. 
A small quantity of the chlorate mixed with phosphorus and struck with a hammer 
detonates with a load report These combustions are attended with great danger 
when large quantities are used. 

Chlorate of potassium is deoompoMd W acids, evolution of peroxide of chlorine, 

Corona acid, or hypochlorous add. With ac^ it is resolved into 

jiercccide of ehlotine» perchlorate, and add sulpliate# potaasium : 

3KC10* + 2H*SOV- 2C10* + KCIO* + 2KHSO* + H*0 

The^^oompoeiii^n is att^ded ^th violent deerepitation, and sometimes with a fiash* 
ing wmbustible Jphetances, such as sulphur, pho^oms, metallic eulphidesb 

axs 0 iii& gam* are infiamed by the peroadoe of chlorine erolvm A 

f|nd3rww^ chlorate of potasriom and excess of crystallised oxedio add 

heated 7fi®0. gives oif peroxide of ebloriiiq mixed with eeibonie anhydride^ 

idrilae|]|t^ oxalate of potaasium remain (Calvert and Davies, l&m. 
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8oa Qii. J. xl 193). The reaetlen probably takes place in the manner represented hj 
the equation: ^ 

3KC10* + eC*H»0* - 2C*KHO^ + Kipi 2C10* + SCO* 4* dHH). 

Chlorate of potassium boiled with atronff nitric acid yields nitrate and perchlorate of 
potassium, with evolution of chlorine and oxyg^eli^'' bat no peroxide of chlorine* 
(Fenny, J. pr* Ohem. xxiii. 296) : 

8KC10* + 6HNO* - 6KNO* + 2KC10‘ + Cl* + 0« + 3IPO. 

J>iiuU nitric acid free from nitrous acid does not act on chlorate of potassiunip even 
arhen boiled ; but if it contains nitrous acid, or if any reducing ugoiit is present, 
such as tartaric acid, or arsenious acid, a lower oxide of chlorine, is produced. 
If the temperature be kept below the chief product is chlorous acid, HCIO*, 

the nitrous acid being at the same time reconverted into nitric acid; HNO* IICIO* 
s. HNO* + HCIO* (Mill on, Ann. Ch. Fharni. xlvi. 298). Chlorate of potus- 
siilm heated with hydrocliloric acid, ^delds chloride of potassium, and gives off a mix- 
ture of peroxide of chlorine and froo chlorine, called cucn/tirinc, having tlic proj)ortionul 
composition of hypochloroua anhydride (CIO- + Cl“ « ‘iCl'^O), TJio n'uction is ; 

4KC10* + 12nCl • 4KC1 + ClI ’O + 3Cio« Cl» 

A mixture of chlorate of potassium and liydrochloric acid is much iiscil as an oxidising 
agent, e, g, for tho destruction of organic mat tor in t oxicological invostigiitions. 

Chlorate of potassium heated with j^ntachloridc of phoftphorus^ gives off a decpyellow 
gas which docs not oxplodo when heated, and when passed inti> dihito potash-Ioy, 
forms chloride, chlorate, and hypoclilorito of potassium (II. 8cliiff, Ann. Ch. Fharm. 
cvi. 116). — Chlorate of potassium distilled with iodiyic, givea off a chloride of iodiuo, 
while chloride and iudate of potassium remain mixed with tliu excess of chlorate 
(Wohler); 

KCIO* + I + I‘ • KIO» + l‘Cl. 

Iodic acid added to solution of chlorate of potassium, forms ciy’fltnla of neutral or acid 
iodate of potassium, while ft'oe chloric acid remains in solution. (Si^rullas.) 

Chlorate of potassium is extensively used in the manufaci ure of lueifer mutches and 
fire-works. Lucifer matches which take fire by friction, are tipped witli a mixture 
of chlorate of potassium, phosphorus, and glue or gum. 

Mixtures for producing tires of various colours, arc composed as follows ; 

Red fire. Orewn fire. Furpte Are. 

Nitrate of strontium 40 pts. Nitrate of barium 77 pts. Oxide of copper 12 pts. 

Chlorate of x>ota8sium 6 „ Chlor. of potassium 8 „ Chlor. jwtassium 30 „ 

Fine ebaroou 2 „ Fine charcoal 3 „ — 

Sulphur 13 „ Sulphur 13 „ Sulphur 13 ,, 

The following composition is applied to tho interior of percussion caps, in quantities 
varying from 0^ to 0*3 of a grain . Chlorate of potassium 20 pts., nitre 30, fulminate of 
mercury 12, sulphur 17, ^ound glass l^ gum 1 ( » 100). 

Chlorate of potassium is now extensively used as an oxidising agent in heightening 
the intenaity’^ stea?n^lour8 on printed ^oods. It is of constant use in tho laboratory 
as a source of oxygen, and is employed in medicine in the trcalment of irritation of 
the mucous membranes. For the manufacture of gunjx)wdi!r it is not well adapted, 
as tho powder made with it, produces a veiy violent explosive force within a small 
space oMy, and bursts the gun instead of pro[>cUing the ball. 

Chlobatb op Silver, AgClO*. — Obtained by dissolving oxido of silver in 
chloric acid, or by passing chlorine through water in which (he oxide is suspended, 
filterina from chlonde of silver, and evaporating. It crysfulliNos in* white opaque 
four-sioM prisms, with oblique terminal faces (Vauquolin), of sneeifle ^vity 4*430 
(Schroder) ; tastes like the nitrate. It defiagraUts brightly on hut coals, and when 
mix^ with sulphur, detonates violently on the slightest {ircssure. Hydrochloric, 
nitric, and acetic acid, convert it into chloride, with evolution of oxygen. 

^ Ghlobatb of Sodium, NaClO*,— This salt may l>e prepar«?d by the action of chlo- 
rine on solution of foda; but it is difficult to separate from the chloride formed at the 
same time; the separation might, however, bo cffcctcd^by alcohol, whic|i dissolves the 
chlorate more easily than the chloride. The salf is likewise obtamed by deri>m- 
poeing chlorate of potassium with silioo-fiuoride or acid tartratti of sodium, or clilorate 
of ammontum by carbonate of sodium (Wittstein). It mi^ialso be prepared by 
decomposing eUimte of cijlcium with carbonate of so^um. 

Ohlonate of sodium crystallises in regular tetrahedrons, modified by the faces of the 
oppointe tetrahedron, also of tbs cube and rhombohlal dodecahedron : the ciystals are 
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iBomarphous with those of bromate of sodinm. Th^ dissolYO in 3 times their weight 
of cold water, and in a smaller quantity of boiling water ; also in 34 pts. of 83 per cent, 
alcohol at 16° G. and in a smaller quantity of hot alcohol 

Celobatb op Stboktiuk, Si^(C 10*)*. — Prepared like the barinm-Balt. Crys- 
tallises in deliquescent needles, or, according to Wachter, in large pyramidal crystals. 

It decomposes at the same temperature as the barium-salt, and defla^ates with purpU 
flame on glowing coals. 

Chlobatx op Ubamiuic. — P rotoxide of uranium dissolves in chloric acid, 
forming a green solution, which decomposes spontaneously, with evolution of chlorine 
and formation of nranie chloride. (Rammelsbe rg.) 

Chlobatb ofZxec, Zn"(C10*)* + 6H*0, is obtained by dissolving carbonate of sane 
or metallic sine in chloric acid, chloride of sine being also fbnned in the latter case ; also 
bypassing gaseous fluoride of silicon into water in which carbonate of zinc is suspended, 
and boiling the filtered liquid with chlorate of potassium. It crystallises, apparently 
in octahedrons, has a very rough taste, and is soluble in water and alcohoL 

CB&ORBTKBftAZi. Syn. with Momocblobbthtuo Ethbb, See Ethtii 
O xiDB OP (iL 643). 

cnOIMITBWtO or BTBROCK&OMO ACXD. HCL— This gas is the only 
known compound of chlorine and hydrogen. Its solution in water has been used ficom 
very early times, and has received the names of sprit of sali^ muriatic acid, hydro* 
chloric acid, and cMorhydric acuL The gas was discove^ by Priestley in 1772. 

Natural Sources. — Hydrochloric acid gM is evolved from volcanos in eruption, 
and the acid solution is sometimes found in crevices on their slopes. It exists also, 
to the amount of 1 or 2 pts. in a thousand, in certain rivers of South America 
which have their source in volcanic formations. 

Formation and Preparation. — 1. Hydrochloric acid is produced by the direct union of 
dilorine and hydrogen. A mixture of the two gases in ^nal volumes, explodes 
violently if a burning body is introduced into i1^ or an electric spark pass^ thtengh 
it, or if it be exposed to direct sunshine (Gm. ii. 319). No combination takes pliue ^ 
in the dark, but if the mixture be exposed to diffused daylight^ the gases combine r « 
gradually. Thus, if two bottles of exactly equal capacity and ntt^ to one another b;^ 
grinding, are filled by displacement witn chlorine and hydrogen respectively, then ^ ^ 
adapted to each other by their -mouths, the chlorine-vessel being placed uppermost, 
and set aside for some hours in a light situation, but not in direct sunshine, the green 
colour of the chlorine will gradually disappear almost entirely, and a few minuW 
exposure to sunshine will complete the combination. If the two bottles be then sepa- 
rated under mercury, each will be found full of hydrochloric acid gas, no gas escaping 
and no rising of the mercury taking place in either bottle, showing that the chlorine 
and hydrogen have combined without expansion or contraction. If a jet of water 
tinged with blue litmus be thrown up into either of the bottles, the gas will he rapidly 
and completely absorbed, while the litmus solution will assume a bright red colour. 
Any bleaching of the litmus would indicate free chlorine ; any unabsorbed gas, tlio 
presence of free hydrogen ; in this manner, an excess of either gas in the original 
mixture may bo detected. 

2. Hydrochloric acid gas is usually prepared by the action of sulphuric acid on fused 
chloride of sodium. There is at first a copious effervescence, which, after some time, 
it may be necessary to revive by the application of a gentle heat. . The reaction is : 

NaCl + H*SO< - NaHSO^ -i- HCL 

The gas must be collected over the mercurial trough, as it is rapidly absorbed hy 

water. 

8. Hydzoddorio acid may also be produced by the action of water on certain 
chlorides. The two chlorides of phosphorus arc decomposed immediately and com- 
pletely mixture with an excess of water, with formation of phosphozouB and phos- 
phoric add respectively, thus ; 

PCI* + 3H»0 - H»PO> + 3HOL 
pa* + 4H*o rappf t ^hcl 

Uictiro diloridfis of antimoity are. dcemniMMisd moac 
requires prolonged treatment with water to efflget its thoscugh deoopfoeitioi^ 
however, takee^ plabe' readily at a boil^ tapapemtufei. Stums dilmds^ ereh a 
boiliiig^lemperatuxe, is ^^mposed vesy imperfoctly. The sesqiriehlioride of almuinium 
and protochloride id miguesium, dtc., are decomposed by steam, with evdatioii of 
Iqrdioehloric add, at temperatures oonsidenibly below redness: 

APCl* + 3H-0 « A1H>» + 6HC1. 

Mg'Cl* + U*0 == Mg'O + 2HCI 
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Moreover, hydrocWoric acid remilte firatn^ the reaction of chloride of phoephoroi, 
chloride of aAtimony, and some other chloridoa, nsnallj hyperchlorideai not only with 
water, l)ut with most oxyhydrogenised comTOunds (^p. 897—900). 

4 . Hydrochloric acid is a constant attendant upon tlie direct action of chlorine on 
hyilrogeuised aubstances. A solution of chlorine in water ia converted, when expoeed 
to lights into hydrochloric and hypodiloroua acids : CP + H*0 HCl + HCIO. Chiorino 
instantly decompoaea sulphydric acid, with formation of hydrochloric acid and aepara* 
tion of sulphur^ Cl* + H“S *■ 2HC1 4- S. Phosphorettod and arsonotted hydrogen are 
likewise di^mposed by chlorine, with formation of hydrochloric acid. Numerous 
organic oompounds also aro decomposed by chlorine, one portion of that element 
uniting with the whole or with part of the hydrogen, and an equal portion taking the 
place of the hydrogen thus removed: 

C*H*0* + 3C1* - C*HC1»0* + 3HC1. 

Acetic Trkhlor* 

acid. acetic 

acid. 

Hydrochloric acid also results f^ram the inverse action of hydrogen upon a chiorino 
oompounA as when ignited chloride of nickel is subjected to a current of hydrogen, 
thus : Nia + H - HCl + Ni, ^ 

ProfertUs . — Hydrochloric acid ia a colourless gas, having a strong acid taste, and 
a pungent irritating odour. Its specific gravity (air — 1) is, according to the deter* 

mination of Biot and Gay-Lussac, 1*27 ; by calculation, it is ^ - x 0H)693 « 1*265, 

* 

It forms opaque white fhmes in the air, owing to its union with, and condensation of^ the 
atmospWic moisture. In perfectly diy air these fiimea are not produced. The gas is 
extrairay soluble in water. When a fi^k of cby hydrochloric acid is opened under 
water, whole of the gas is absorbed in an instant, and the fiaak not unfre^uently 
broken by the violent rush of liquid. At mean temperature (15^0.) water diMolves 
aliout 458 times its volume of the gas (see Gasbs, AnsonraiOM of). At the tempo* 
t rature of 10^, under a pressure of 40 atmospheres, hydrochloric acid is condensed into 
k oolourless liquid, having a specific gravity 1*27. It has never been solidified. Hy* 
Brochloric aciti is not inflammable, and extin^ishes most burning bodies, but when a 
Biece of potassium is introduced by means or an iron wire into a tube full of the gas 
^retained over mercury, and is then lieah^d to redness by a spirit-lamp applied exter- 
nally, it undergoes combustion, unites with the chlorine, nnd htavos the hydrogen, 
which is eventually found to occiqiy exactly one half the volume of the original gus : 
Hd * K « KCl + IL 

hydrocMaric acid is usually made from common salt and sulphuric acid 
jjiP^d with about two-thirds its bulk of water. The reaction is effected in a retort 
PBwhich a gentle heat is applied, and the evolved gas is condense<l in a vessel or 
^rories of vessels of distill^ water. The condensing liquid inen^ases considerably^ in 
bulk, and may cventuall^e made to acquire a specific gravity of l'2l, under which 


series of vessels of distill^ water. The condensing liquid inen^ases considerably^ in 
bulk, and may cventuall^e made to acquire a specific cavity of l'2l, under which 
circumstances it consists of one atom of hydrochloric .acid, HCl, dissolved in three abmis 
of water, H*0. Solution of hydrochloric acid has usually a spfHjiftc (^vity of 1*162, 
and then consists of one atom of hydrochloric acid HCl, dissolved in four atoms of 
water, H*0. 

Commercial muriatic acid is made by heating in iron cylinders two proportions of 
common salt, with os much brown sulphuric acid as contains one prt>|jortion of 
real acid, and condensing tlie evolved gas in water contained in a series of stoneware 
Woulfe's bottles. The reaction is: 11*80* -¥ 2NaCl — Nb» 80* + ‘2HC1. For details, 
see Urd K Dictionary of Arts^ Manufacturer and Minea^ li. 481.— Polo use ot KrAmy, 
TraiU de Chimie ginlrale^ 3"* Ad. i. 436, — Payen, FrSdr de Chimic induriridlt^ 4"* Ad. 
i 264.) 

The oommer^ acid, which frequently contains, as impurities, sulphnroui acid, 
araeniaoB adi^ seeimichloride of iron, stannic chloride, and oven free chlorine, may 
be partly purifiedby dilution and redistillation, A pure solution of hydrochloric 
is usually colourless, but when in large quantities, has a very pale yellowish green tint. 
The slight yellow colour of mwcalled pure acid is generally due to the presence of 
free dwrins^ but tiie bright deep yellow of the commercial acid results fH>m the 
WiAilBae asnmll qiuuitify of organic ipaUcr^ 

oiwrihsuse pttrik 

A stfong^utioii ti ityawddoric add owlrea ftnaai 
boiled, it gives ofiP bydroehlorie acid gas, until the t^pemtoze slightly exessas 
when there distils over a diluted solution of the acid, hevtim^ a speclfiCdlfavify of W, 
sod couaistiiig of 1 atom of hydroddoric acid, HCl, dissolvca in 8 atomeof water, 
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From the experiments of Boscoe, howeyOr (Cbem. Soc. Qu. 5, xiii. 156), it appetu^ 
that the com|>oBition of aqueous hydrochloric add (and of other aqueous adds), q| 
constant boiling point, varies with the pressure, and that there exists for each pres- 
sure a corresponding aqueous acid, which undergoes no change in composition when 
distilled under this pressure, and therefore has a constant boiling point. In table A 
column P shows the pressure in metres of mercury under which aqueous hydrochloric 
acid most be distilled to attain the composition given in the next column. 

Tablb a, — Percentage of HCl in aqtieoue HydrocUoric Add boiling under different 

Pressures. 


D 

Percentage 
of HCl. 


Percenrage 
of HCJ. 

D 

Percentage 
of HCl. 

D 

Percentage 
of HCl. 

0*06 

23*2 


wBm 



20 


0-1 

22*9 





21 


0-2 ' 

22'3 





mZiM 


0*3 

21-8 

0*9 

19-9 

1*6 

18*9 

2-4 

18*1 

0*4 

21-4 

1*0 

19*7 

1*7 

18*8 

2-5 

18-0 

0*6 

21-1 

M 

19-5 

1-8 

18*7 



00 

207 

1-2 

19-4 

1-9 

186 




The acid which boils constantly under the pressure 0 76 met., and contains 20-21 
per cent HCl, is the hydrate above mentioned, HC1.8H*0. TJie table shows that tlio 
percentage of HCl in the aqueous acid of constant boiling point, diminishes with in- 
crease of pressure. 

When aqueous hydrochloric acid is vaporised by passing a current of dry air through 
it at a given tevnveratme^ a point is likewise reached beyond which no decomposition 
occurs. In Table B the first column gives the temperatures, the second the percoutago 
of HCl contained in the acid, unalterable at the corresponding temperature. 


Table B . — Percentage of HCl in Aqueous Hydrochloric Add of constant composition 
, at different Temperatures. 


TO 

Percentage of 
HCl. 

TO 

Percentage of 
HCl. 

TO 

Percentage of 
HCl. 

TO 

Percentage 
of MCI. 

0 ° C . 

260 

30 ® C . 

24*1 


23*0 


HI 

6 

24*9 

36 

23*9 


22*8 

96 


10 

247 

40 

23*8 

70 

22*6 


20-7 

16 

24-6 

46 

23*6 

76 

22*3 



20 

24*4 

60 

23*4 

80 * 

22*0 



26 

24*3 

66 

23*2 

86 

217 




The specific gravity of aqueous hydrochloric acid, of various degrees of concentration 
has been determined by Ure and by E. Davy, llie results are ^ven in Tables 0 
and D ; it will be observed that the specific gravities as detenmned by Davy are 
rather lower for each percentage of HCl than those of Ure, 


Tablb C . — Percentage of HCl in Aqueous HydrocUoric Add at 26° C. (77° F.) 
according to E, Davy. 


Sp. Gr. 

HCL 

Sp. Gr. 

HCl. 1 

Sp. Gr. 

HCl. 

Sp. Or. 

HCl. 

• 1*21 

42*43 

mM 

32*32 

Ml 

22*22 

. 1*06 

12*12 

1*20 

40*80 


30*30 



1*06 

10*10 

M9 

38*38 

W'S 

28*28 

■9 

18*18 

1*04 

8*08 

118 

36*36 

■19 

26*26 


16*16 

1*03 

6*06 

M 7 

34*34 

m 

24*24 

1*07 

14*14 

1*02 

1*01 

Hi 
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Tajui IX--Cbmpwftibn of Aqueous Hsfdroehforte Acid according to Uw. 


ISI 

ftweiftc 

Gra«itf. 

Chlo- 
r<n«. 
per cent. 

HCl. 
per cent. 

Acid 
of $p. 
gr. 1 2. 

Specific 

Gravity . 

Chlo. 
line, 
per cent. 

HCl. 
per cent. 

Acid 
of ip. 
Br.l*». 

Specific 

Gravlljr . 

Chlo. 
rtne. 
per cent 


too 

1-2000 

39*675 

40*777 

66 

113-28 

26186 

26*913 

33 

1*0637 

12*697 

13040 

CD 

11982 

39*278 

40*369 

65 

1*1308 

25*789 

26*505 

31 

10017 

12*300 

12*641 

08 

1*1964 

38*882 

39-961 

64 

1*1287 

• 26*392 

26*098 

30 

1-0597 

11*903 

12233 

97 

11946 

38*486 

39*554 

63 

1*1267 

24*996 

■ 25*690 

29 

1*0577 

11*506 

11 -825 

96 

1-1928 

38*089 

39*146 

62 

1-1247 

24*699 

25*282 

28 

1*0557 

11*109 

11-418 

95 

11910 

37 692 

38*738 

61 

1 * 12*26 

‘ 24**202 

24-874 

27 

1*0537 

10'712 

11*010 

94 

1-1893 

37*296 

38*330 

60 

1*1206 

23*805 

24*466 

26 

1*0517 

10*316 

10-602 

93 

1-1875 

36*900 

37*923 

60 

1-1185 

23*408 

24-058 

25 

1*0497 

9*019 

10-194 

02 

M 857 

36*693 

37*516 

58 

1*1104 

23*012 

23*050 

24 

1*0477 

9-522 

9-786 

91 

1*1846 

36*107 

37*108 

57 

M 143 

22*615 

23-242 

23 

1*0457 

9*125 

9-370 

90 

1*1822 

35*707 

36*700 

56 

1 * 11*23 

22*218 

22-834 

22 

1*0437 

8*720 

9-971 

89 

11802 

35*310 

36*292 

55 

1 * 110*2 

21 * 8*22 

2 * 2-126 

21 

1*0417 

8*332 

8-563 

88 

1-1782 

34*913 

35*884 

54 

1 * 108*2 

• 21 * 4*25 

22-019 

20 

1*0397 

7*935 

8-155 

87 

11762 

34-517 

35*476 

63 

1*1061 

21*028 

21-611 

19 

1*0377 

7*538 

7-747 

86 

11741 

34-121 

35*068 

52 

1*1041 

* 20*632 

21-203 

18 

1*0357 

7*141 

7*340 

85 

1*1721 

33-724 

34-660 

51 

1*1020 

• 20*235 

20-796 

17 

1*0337 

6*745 

7*932 

84 

11701 

3 3-328 

34*252 

50 

1*1000 

19*837 

20-388 

16 

1*0318 

0*318 

6-524 

83 

1*1681 

32*931 

33*845 

49 

1*0980 

19*440 

19*980 

16 

1*0298 

5*951 

0-116 

82 

M 661 ! 

32*635 

33*437 

48 

1*0960 

19*044 

19*572 

14 

1*0279 

6*654 

6-709 

SI 

1*1641 

32*136 ! 

33*029 

47 

1*0939 

18*647 

19 165 

13 

1*0259 

6*158 

5 301 

80 

iieio 

31 716 

32*621 

10 

1*0919 

18-250 

18*757 

12 

1*0239 

4*762 

5-893 

79 

1*1599 

31*343 

32*213 

45 

1*0809 

17*854 

18*350 

11 

1*0220 

4*305 

4*486 

78 ' 

1*1578 

30946 

31*805 

44 

1*0879 

17-457 

17*911 

10 

1*0200 

3*968 

4*078 

77 

11557 

30-660 

31*398 

43 

1*0859 

17*060 

17*534 

9 

1*0180 

3*671 

4*670 

76 

1*1536 

30*163 

30*990 

42 

1*0838 

16-664 

17 - P 26 

8 

1*0180 

3 174 

3*262 

75 

1*1515 I 

29*767 ! 

30*682 

41 

1*0818 

16*267 

16-718 

7 

1*0140 

2778 

3*854 

74 

1*1494 

29*361 1 

30*174 

40 

1*0798 

15*870 

16-310 

6 

1*0120 

2*381 

3-447 

73 

1*1473 

28*964 1 

: 29*767 

39 

1*0778 

16*474 

15-902 

5 

1*0100 

1*984 

2*639 

72 

1*1452 

28*607 

29*359 

38 

1*0758 

15*077 

15-494 

4 

1-0080 

1*588 

2 631 

71 

1 1 1431 

28*171 ! 

28*951 

37 

1 * 07.38 

11*680 

15-087 

3 

1-0060 

llUl^ 

* 1-224 

70 

1 1 1410 

27*772 

28*514 

30 

1*0718 

14 281 

11-679 

2 

I'OOltl 

0*795 

1*816 

69 

! 1 1389 

27-376 

28-130 

35 

1*0697 

1.3 887 

14*271 

1 

1 0020 

0*397 

1*408 

68 

: 1*1369 

26-979 

27 - 7*28 

31 

1*0677 

13*490 

13 863 





67 

j 1*1349 

26*683 

27*321 

33 

1*0657 

13*094 

13-456 






Aqueous hydrochloric acid possespes powerful acid proiwrties, reddens litmus, tastes 
intensely sour, effenresces with carhoiijitt s, snd disMolvcs many inctuls with evohition 
of hydrogen. It does not bleach vegetable colours or dissolve gold leaf. W. O. 

GK&OKBYIIKZO BTBBXS. Sec Ciir.oniDKS op ALroiioL-llADiOLRS (p. 807). 

OBZtORBTBBJnvS. (Berthelot, Ann. Ch. Phys. [.'ll xlt. 200. --Berth el ot 
and Do Luca, ihid, xlviii. 304; lib 4.33, )—TheHO eom|KjuiidH, which aw) precisely 
analogous to the bromhydrins (p. 067), an; the ehlnrliy^lric ethers of glycerin, and may 
Vh* regarded as deriv<Kl therefreni by theHiib.sfitution of one or more aUuns of chlorine 
for an equivalent quantity of peroxide of hy<ln>gen. They are produced, either by 
the action of hyflrochloric acid or of tho chloridi^s of phosjdioruH on glycerin; the 
latter method does not however yiehl very good products. 

Monochlorhgdrin, C'lPClO* =- Ch is obtiiincd by saturating 

gently heated glycerin with hydrochloric acid gas ; tljcn keeping f ho liipiid at 100° C. for 
some hours; saturating with carbonate of so^lium ; agitating with cflicr; dintilliug the 
residue left after evaporation of the ether; and again treating it with csirlwnttto of 
sodium and ether. It is a neutral oil, liavirjg a fresh ethereal odour and a sweet taste, 
with pungent after-taste. Sj-tecific gravity Plil. It remains pertet t ly fluid at — ; 

lioils at 227®; bums with a white, ^ccn-cilginl flame, emitting liydroehloric acid 
Oxide of lead saponifies it slowly. It dfs*» not immeiliately prccijiitatc nitraU^ of 
silver. It mixes with its own bullc of water. With 8 or 10 times its bulk of M'ater, it 
forms a very stable emulsion* It also mixes with ether. 

Diehlorhydrin, C*H»CPO * (C*H»y".nO.CP, is obtained by heating a sfdiition of 
glycerin in 10 or 12 times its weight of fuming hyrlrochloric acid, to 100'=' C. for three 
or four days, purifying the product with carbonate of sodium and ether tis above, and 
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evaporating, first over the ,water-'bath, then in vacuo. It is a neutral oil, having an 
ethereal odour. Specific gravity 1*37. It boils at 1 78® C. ; remains quite fluid at — 350 . 
bums like the preoedi ^ ; is easily decomposed by potash, yielding cliloride of potash 
fiium and glycerin ; mixes with ether, but does not form a stable emulsion with water. 

Triohlorhydrin; Triddoride of Glyce^l, C*H*C1*. — ^Produced by the action of 
pentachloride of phosphorus on dicmorhydrin : 

C»H*C1«0 + PCI* - PCPO + HCl + C*H*C1«. 

It is a neutral liquid, much more stable than tribromhydrin. Volatilises at about 
155®C. (Berthelot and De Luca.) 

Epic hlor hydrin. Oxychloride of Glyceryl. C*H*C10. — Obtained by treating di- 
chlorhydrin with hydrochloric acid gas, or with the fuming acid. Neutral oil, re- 
semblmg dichlorhydrin. Distils between 120® and 130® C. (Berthelot.) 

Epidichlorhydrin, Bichloride of Glycerylene. C’H^Cl-. — Produced in small 
quantity in the preparation of trichlorhydrin and bromodichlorhydrin, probably by a 
secondary reaction, inasmuch as it diifers from dichlorhydrin by H*0, and from tri- 
chlorhydrin by HCL It is isolated and purified by repeated fractional distillation. 
Neutral liquid, volatile at about 120° C. Treated with moist oxide of silver, it slowly 
reproduces glycerin. (Berthelot and De Luca.) 

Bibromochlor hydrin, C*H*Br^Cl. — ^Produced by the action of pentachloride of 
phosphorus on dibromhydrin. Neutral liquid, volatile at about 200® O. With moist 
oxide of silver at 100®, it slowly reproduces glycerin. It is isomeric with dibromide 
of chlorotritylene, C*H*CLBr*. 

Bromodichlorhydrin^ C*H*BrCl* — Produced by the action of pentabromide of 

S hosphorus on dichlorhydrin. Neutral liquid, volatile at about 1 76® C. Isomeric with 
ichloride of bromotritylene. 

With moist oxide of silver at 100®, it slowly reproduces glycerin ; at the same time, 
however, a small quantity of carbonic anhydride is formed by oxidation, together with 
CEystalline scales, which appear to be propionate of silver : 

C*H»BpC 1* + 3H*0 C*H*0* + 2HC1 + HBr 

Glycerin. 

and C’H-BrCP + 2H>0 * C*H*0* + 2HC1 + HBr 

Propionic 

acid. 

For the Acktochlobhtdbins, see p. 26; E£NzocHT.onHTDRiNs (p. 647.) 
OHXiO»n»»omiwn>B. Chloride of Phenyl. (See Phentl.) 
CK&ORJKYUROJPBOTBXC ACZ2>« A name applied by Mulder (J. pr. Chem. 
xvii. 316), to the precipitate formed by hydrochloric acid in a solution of albumin, said 
by Mulder to contain 3*7 per cent, of hydrochloric acid. It is probably however 
nothing but albumin. 

OB&OXZl>B8« The term chloride is applied to all compounds of chlorine which 
may be derived firom one or more atoms of hydrochloric acid, H"Cl’*, by the substitu- 
tion of a metal or other radicle (which may itself contain chlorine), for an equivalent 
quantity of hydrogen. Those which are volatile contain, in two volumes of vapour, 
1, 2, 3, &C. atoms of chlorine, according as the radicle with which the chlorine is as- 
sociated is mono-, di-, tri-atomic, &c.*, thus : 

2 voL chloride of ethyl, C*H*.C1, contain 1 at. chlorine 
„ sulphuryl, (SO*)".CP 2 .. 

II If boron, K.Ci* „ 3 „ 

„ „ silicium, Sid* n 4 „ 

Chlorides may be conveniently divided into the following groups, each of which 
contains compeamds derived from one or more atoms of hydrochloric acid. 

a, Metallio Cliloriden. Chloriuo combines with all metals, the number of 
chlorine-atoms in the resulting molocule varying from 1 to 6. 

a. Chlorides with one atom of chlorine, formed on the type of a single molectde of 
hydrochloric acid, namely. Monochlorides, HCl, or Protochlorides, MCI. — The 
metals which form mono^loridds ore the alkali-metals, silver, gold, and thallium. 
The monochlorides are all soluble in water except that of silver, which is quite 
insoluble. Monochloride of gold is completely decomposed at a red heat. The other 
monochlorides melt when heated ; and those of the al^i-metals volatiliM unedumged 
at higher temperatuzeB. 

* ir. however, the radicle contains chlorine, this stiUemeDt must be understood ss appljiugonly to 
portion «f chlorine which Is not thus Included, and Is remurable by water or by aqueous potash ; tor 
eaaniple. % vots. chloride of trichloraeetiFl, C*CPO.CI c<inUin 4 atoms of chlorine ; but only one (if tnrM 
is remoTAble br wat**r, the compound, treated with water, yielding hydrochloric acid and tricbloras’etw 
acid (C>Cl>O.Cl -f H«0 -> HCl t C«i PO.H.O). 
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Chlorides mih two aioms qf ehlorme, /ortMd on the namely, Di - 
chlorides, and Dimetallio Proto'chlorides, The metala 

which form dichlorides aro barium, strontium, calcium, cerium, lanthanumi didlymiuiii, 
glucinum, thorinum, magnesium, sine, cadmium, nickel, cobalt, iron, manganese, 
chromium, lead, copper, mercury, platinum, palladium, osmium, ruthenium, molyb- 
denum, and vanadium. These chlorides are all soluble in water, except that of 
platinum. The dichlorides of platinum, palladium, and vanadium are decomposed by 
heat ; the others melt when heated, and volatilise uncliaugod at liighor temperatures. 
The fused dichlorides are electrolytic. 

Dimotallic protochlorides are formed only by copper and mercury, two atoms of the 
diatomic met^ being joined together by one unit of affinity, so as to form a bivalent 
group, (Hg — Hg)"Cl*. Those chlorides are insoluble in water, and under certain 
circumstances hiLVo a tendency to split up into metal and the dichloride : Cu*Cl* 

Cu + CuCl*. 

7, Chlorides tw'M three atoms of eKLorini‘^ formed on the type H*C1*, namely, jTri- 

ehloridee^ — The metaU which form trichlorides ore antimony, arsenic, 

bismuth, gold, molybdenum, thallium, vanadium, and probivbly indium. The trichlo- 
rides of gold and thallium aro docorap<3Hc<l by heat ; the rest volatilise unchanged. 
The trichlorides of antimony and bismut li are very fusible solids: trichloride of 
thiillium is known only as a crystalline hydrate ; the rest are liquids. The volatile 
trictilorides arc decomposed by water, yielding hydrochloric acid and an oxychloride. 

8. Chlorides with four atoms of chlorine, formed on the type namely, Tetra* 

chlorides, — These aro formed by tin, titanium, vanadium, zirconium, and tUl the 
platinum metala, except rhodium. The first three are volatile liquids, the rest are 
solid. The general behaviour of tlicso chlorides shows that two of the chlorine-atoms 
are retiiined loss forcibly than the other two. The tetrachlorides of tin, titiinium, and 
the {ilatinum-metals are soluble in water ; those of zirconium and vanadium are 
decomposed by water. 

€. Chloride with five atoms chlorine, — Pontachloride of antimony, SbCl*. Volatile 
liquid, decomposed by water. 

(, Chlorides with six atoms of chlorine, formed on the type namely, Dimetallio 

trichlorideSf (M*)^bCl*. In those chlorides, two ab>ms of a tetratomic metal aro 
united so as to form a sexvalent group : e.g, (Fe — Fe)*'.Cl*. The metals which form 
them are aluminium, cerium (?), chromium, mangancso, iron. The cerium and 
manganese compounds are known only iu» hydrates; aluroinic, chromic, and ferric 
chlorides aro fusible and volatile solids. They aro all soluble in water. 

Formation of Metallic Chlorides, — Chlorides aro generally prepared by one or other 
of the following processes, a. By acting upon the metal with chlorine gas. This 
method is frequently employed for the preparation of anhydrous chlorides. The peiita- 
chloride of antimony and pmtochloride of copper aro examples of chlorides sometimes 
produced in this manner. The chlorides of gold and platinum aro usually prepared by 
acting upon the metals with nascent chlorine, developed by the mutual actiun of 
hydrochloric and nitric acids. Sometimes, on the other nand, the metal is in a nascent 
(tate, as when titanic chloride is formed by passing a current of chlorine over a heated 
mixture of charcoal and titanic anhydride. The chlorides of aluminium and chromima 
may be obtained by similar processes. 

0, ChlorinS gaa, by its action upon metallic oxides, drives out the oxygen, and 
unites with the respective metals to form chlorides. This reaction sometimes takes 
place at ordinary temperatures, as is the cose with oxide of silver; sometimes onl y s t 
a red heat, as is the case with the oxides of the alkali- and alkaline earth-metals. The 
hydrates and carbonates of these last metals, when dissolved or suspended in hot 
water and treated with exceM of chlorine, are converted, chiefly into chlorideSr psrtly 
into chlorates. 

y. Many metallic chlorides areprepfitred by acting upon the metals with hydrochloric 
acii Zinc, cadmium, iron, nickel, cobalt, and tm dissolve reiidily in hydrochloric 
scidf with liberation of hydrogen ; cemper only in the strong boiling arid ; silver, 
mercury, palladium, platinum, and gold, not at all. Sometimes the metal is substi- 
tuted, not for hydrogen, but for some other metal. Stannous chloride, for instance, is 
firequently made by distilling metallic tin with merchric chloride, thus : HgCl* 4* 8n 
SnCl* + Hg. 

Or the oxide, hydrate, or carbonate of metal may be dissfdved in hydmhlone 
acid. In thie way the hydrated dichloride of copper and trichloride of iron ani 
usually made: 

CuO + 2Ha «« H»0 + Cua*. 

Fe*H*0* + 6HCI - 6H*0 + F©»Cl*. 

With a peroxide, the reaction is accompanied by an evolution of chlorine, thus : 

PbO* ♦ 411CI * 2H'0 4 PbCl» + Cl*. 
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*. Chloride of eilver wd mercurous chloride, which are insoluble in water, and 
chloride of lead, which is but sparingly soluble, are easily formed by precipitating anr 
of the corresponding soluble salts with a soluble chloride, thus : ^ ^ 

NaCl + AgNO* « AgCl + NaNO». 

Decompositiofis. — 1, The action of heat upon chlorides has been already noticod. 
Mostprotochlorides volatilise at high temperatures, without decomposition ; the liighor 
chlorides give off part of their chlorine when heated. — 2. Some chlorides wliich resist 
the action of heat alone are decomposed by ignition in the air, yielding metallic oxid* a 
and free chlorine : this is the case with the chlorides of iron and manganese ; but mo<t 
protochlorides remain undecomposed, even in this case. — 3. All metallic chlorides, ex- 
cepting those of the alkali-metals and earth-metals, are decomposed at a red heat hy 
hydrogen ^as, with formation of hydrochloric acid : in this way, metallic iron may bo 
obtained in fine cubical crystals. Chloride of silver placed in contact with metallic 
zinc or iron, under dilute sulphuric or hydrochloric acid, is reduced to the metallic 
state by the nascent hydrogen. — 4. MetalHc chlorides, which are not decomposed by 
heat alone, likewise resist the action of charcoal at a white lieat, but it aqucotis vayoiU 
is likewise present, decomposition takes place, the metal being reduced, and hydro- 
chloric acid formed, together with an oxide of carbon, e. g . : 

2AgCl + H O + 0 « Ag« + 2HC1 + CO. 

— 5. Metallic chlorides are not decomposed by heating with sulphur^ but phosphorus 
decomposes several of them. — 6. Those metallic chlorides which are not decomposed 
by heat alone, likewise resist decomposition when heated to whiteness with boric an* 
hydride^ or silicic anhydride; but if water is present, hydrochloric acid is evolved, 
and a borate or silicate of the metal is produced. Vix\) 0 \xr ot stdpkuHe anhydridv, 
however, decomposes certain metallic chlorides, a sulphate being formed, and a mixture 
of equal volumes of chlorine and sulphurous anhydride evolved, e.g. : 

2NaCl + 2SO* == Na'-'SO^ + SO* + Cl*. 

— 7. Sulphuric, p^sphoric, hone, and arsenic acids, decompose most metallic chlorides, 
sometimes at ordinary, sometimes at higher temperatures. — 8. AJl metallic ch]orid<^s 
heated with peroaride of lead or manganese and sulphuric acid, give off clilorine, e.g. : 

2NaCl + MnO* + 2H*SO* = Na*SO< + MnSO* + 2H*0 + Cl*. 

^9. Distilled witli sulphuric acid and chromate of potassium, they yield a dark 
bluish-red distillate of chloro-chromic acid. — 10. Some metsiUic chlorides are decom- 
posed by water, forming hydrochloric acid and an oxychloride, e. q . : BiCl* + H®0 =» 
2HC1 -f- BiClO. The chlorides of antimony and stannous cliloride are decomposed in 
a similar manner. — 11. All soluble chlorides give with solution of nitrate of silvvr, a 
white precipitate of chloride of silver, easily soluble in ammonia, insoluble in nitric 
acid. With mercurous nitrate, they yield a white curdy precipitate of mercurous 
chloride, blackened by ammonia; and witli lead-salts, not too dilute, a white cry.>- 
talline precipitate of chloride of lead, soluble in excess of water. 

Combinations. — Metallic chlorides unite with each other and with the chlorides of 
the non-metallic elements, forming such compounds as cLloromercurute of potasHiiiin, 
2K01.IIg"Cl*, chloroplatinato of sodium, 2NaCl.PtCB, chloriodate of poUissiuni, 
KC1.I01*, &c. They also combine with oxides and sulphides, forming oxychlorides 
and sulphochlorides. Metallic chlorides likewise combitie in definite proportions with 
ammonia and organic bases; the chlorides of platinum form with ammonia the com- 
pounds 2NH*.rtCl*, 4NH»PtCl*. 2NH*.PtCP, and 4NII>.PtGP ; mercuric chloride 
forms with phenylamine the compound 20H'N.Hg"Cl*; with chinoline, C*H'N.Hg"CT, 
&c. Many of these compounds may bo regaled as chlorides of metj^lloidal radicles, 
formed on the ammonium type : thus ammonio-protochloride of platinum, 2NH*.PtCP 
chloride of platammoiiium (NH*Pt)*.Cl*. 

Many metallic chlorides are soluble in alcohol, ether, volatile oils, &c. 
h. cnuorlitas of Organo-metalllo Badioles (including Phosphorus-bases). — 
These compounds, which bear considerable resemblance to the simple metallic chlo- 
rides, are produced, either by the direct union of chorine with the orgauo-metaJbc 
radicle, or oy the action of hydrochloric acid on the oxide or hydrate of that radicle. 
8ome of them are volatile hquids; others crystalline solids. They contain 1, 2, 3, 
or 4 at. of chlorine associated with 1 molecule of the organo-metallic radicle, those 
which contain an even number of atoms of alcohol-radicle forming mono- and tri- 
chlorides, while those which contain an uneven number of atoms of alcohol-radicle 
form di- and tetrachloridea, thus : 

Arsen-monomethyl forms AsMeCl* and AsMeCl^ 

Arsen-dimethyl „ AsMe*Cl „ AsMe*Cl* 

8tib-triethyl „ SbMe*Cl* 

Stib-tetramethylium „ SbMe^Cl 
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All theM coropoonda be regarded as derived trom a moleeule of tri- or p«iita<» 
eldoride of amemc or antimony by the subetitution of an alcohol-ia^do fbr an equiva* 
Sent quantity of chlorine (ppt 389, 897* 411). 

A cnUorlAea of Aloohol-modtOlea* H^roeMorie or Chiorkydrio Ether *, — 
These com^unds may be regarded aa derivi»d from hydrochloric acid in a similar 
manner to the metallic chlorides, or from the corresponding alcohols by the substitution 
of chlorine for an equivalent quantity of peroxide of hydrogen, e, g , : 

Chloride of ethyl, C*II*.Cl from Ethylic alcohol, C*IlMIO 
Chloride of ethylene, C*H^C1* „ Glycol, C*Il*.(HO)* 

Chloride of glyceryl, C*II‘.C1* „ Glycerin, 

a. The monatomic alcohoHc cMorities are obtained : 

1 . By the action of hydrochloric acid on the aleoliols ; 

C»H» H.0 + HCl « H*0 + C*H».CL 

9. By the action of the chlorides of phosphorus, or of oxychloride of phosphorus, on 
the aloobols : 

3(C«HMr.O) + PC1» « II*rO* + 3C>II*CI. 

3(C»HMLO) + PC1»0 « IPPO* + 3C='11»C1. 

3. By the action of chlorine on the corresponding hydrides. This reaction has boon 
observed only in the Ciise of liydride of benzyl (p, 573). 

Most of these monatoniic chlorides are liquids more volatile than the corresponding 
alcrohols : one, viz. chloride of methyl, is gaseous atonlinary temperatures, and chloride 
of cetyl is solid. Treated with alcoholic potasli, they yield chloride of potassium and 
an alcohol : 

C*n»Cl ♦ KIIO - KCl + C*IIMI.O 


When recently premred, they do not precipitate nitrate of silver immediately ; Imt 
when they are heated with it in sealed tubes, a slowprcci^>itation takes place. tSudium 
at ordinary temperatures dcconipoflcs them, with formation of chloride of s^ium and 
an alcohobradicie . 

2C*H'’C1 + Na*‘« 2NaCl + C"H*\C"H'\ 

Chloride of Octyl, 

octyl. 

Put if heat be applied, the sodium assumes a violet tint and swells up considerably, 
1'he liquid then becomes hqt ; liydrogen is evolved ; the violet colour disappears ; and 
a pasty m.'iss is ultimately obtained, consisting of chloride of sodium and un oil, which 
is the corresponding hydrocarbon, C*!!*** : thus, with chloride of octyl ; 

2(C-J1''.CI) + Na* « 2(C*H>«Na.Cl) 4 1111 
and: C*H»*Na.Cl « NaCl + 

Violet lubttnnce. Octjrleos. 

The same violet substance is produced by the simultanoous action of chlorine and 
sodium on octylene. It quickly turns white in contact with the air, yielding soda and 
chloride of s^ium, and is quickly decomposed by water, alcohol, and other liquids 
containing oxygen (Bouis, N, Ann. Chim. Phys. xliv. 114). A similar violet substance 
is formed by the action of potassium on chloride of phenyl. 

0, The duUomio alcoholic chloridee are produced : 1. ily the dirc'ct union of chlorine 
with the corresponding diatomic hydrocarbons, e. q. clilorido of ethylene, chloride at 
t|frj^ne, By the action of pentncblorido of phosphorus on the correeponding 

C*mH*.0» -t- 2PC1» - C*H«C1* + 2POCP + 2nCL 

UIjrcol. Chloride of 

ethylene. 

Two eeriee of these chlorides are known, containing the radicles C”H7*, homologous 
with ethylene, and C*H*"~*, homologous with benzylene. 

The chlorides OH**Cl*, are liquids, for the most part volatile without decomposition, 
Th^ are decomposed by cblonne, yielding substitution -products. Heated with al- 
coholic potash, thqy yield chloride of potassium, and the chloride of an aldehyde- 
zadide: 

♦ KHO - C»H»a + KCl + H*0. 


Sulphide of potassium simply converts them into sulphides of diatomic alcohol- 
xadides: 

+ K^ - 2KC1 + C*HU 


^^ted wiA ammonia in sealed tnbes, they appear to yield the same products as the 
mreopondin^ bromides, vis. diamines containing 1, 2, or 3 at of the radicles C*K^ ; 
but the re sefaons have not been so much examined as tliose of the bromides. <8 m 

Vou I. 3 II 
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The chlorides ate also volatile liquids heavier than water. Heated vitl 

alcoholic potash, they yield chloride of potassium and an aldehyde; a y. chloride oi 
benzylene yields bitter-almond oU. (Wicke, Ann. Oh. Pharm. cil 356) : 

C^H^CP + KHO - KCl + HCl + 

Ammonia heated with chloride of benzylene in sealed tubes, acts in like maunpi 
(Wicke). With alcoholic sulphide of potassium, they are decomposed like the clilo 
rides last mentioned, yielding diatomic sulphides. 

y. Of triatomic alcoholic chlorides^ only one is known, viz. chloride of glycei^d r>\ 
trichlorhydrin, which is produced by the action of pentachloride of phos 

TTO * 

phorus on dichlorhydrin, (C*H*)"'qp , (See Chlorhydiiins, p. 894.) 

4. Clilorides of Aldeliyde-Sadioles. — These are monatomic chlorides of th< 
general form C“H’*'‘-'C1, isomeric with the monochlorinatod diatomic alcohol-radirles 
e. y. chloride of wnyl^ C^H*.C1, with chlorethylene, C'‘*(H®C1). They are obtained by tin 
action of alcoholic potash on the chlorides of the diatomic alcohol-radicles (p. 987), some 
times also by that of oxychloride of carbon on the aldehydes, e.g. C^H'Cl from aceti 
aldehyde, C*H^O (llarnitzky, p. 107). It is probable also that they might be nh 
tained by treating the aldehydes with pentachloride of phosphorus ; ns butyral, tL 
isomer of butylic aldehyde, yields when thus treated, the compound C*H’C1 (p. 6891. 

These chlorides are volatile liquids, except chloride of vinyl, which is gascH'tuF^ a 
ordinary temperatures. Chlorine converts thorn into dichlorides of chlorinated alcohol 
radides. 

5. Cliloridefl of Aoid Aadloleo. — These compounds may be derived from acid 
by the substitution of chlorine for peroxide of hydrogen, e. g , ; 

Chloride of acetyl, C*H*0.C1 from Acetic acid, C*IPO.HO 
Chloride of sulphuryl, (SO*)".CP „ Sulphuric acid, (SO')''(HO)* 

<]}hloride of phosphoryl, (P0)"'.C1* „ Phosphoric acid, (PO)"'.(HO)* 

a. Monatomic acid chlorides are mostly derived from orcranic acids; in fact. O' 
only inorganic compounds of this class are hydrochloric acxd^ IlCl ; chloride of agotij 
NO.Ol, produced by the direct combination of chlorine and nitric oxide gases, or h 
the decomposition of nitromuriatic acid ; and chloride of nitryl^ N0*.C1, produced h 
the action of oxychloride of phosphorus on nitrate of lead : 3PbNO* + PCPO =» Pl)*P( 
+ 8NO*Cl, or by the action of ehlorhydrosulphuric acid upon nitre; KNO* + 1ICIS( 
« H0®01 + KfiSO\ Free chlorine, ClCl, may be regarded as the chloride coit( 
spending to hypochlorous acid, C1.HO. 

The chlorides of monatomic organic acids are obtained : by the action of the chli 
rides of phosphorus, or of the oxychloride, on the cori’esponding acids : 

C^H“O.H.O + PCP.Cl* « C’H'^O.Cl + HCl s- PCP.O. 

Beniolc acid. Chloride of 

t>cnio7l. 

or of trichloride or oxychloride of phosphorus on salts of the same acids : 

8(C'H»O.K.O) + PCPO - K»PO^ + 8(C'H'‘0.C1). 

Bensonte of Chloride of 

potaisiura. bonzoji. 

sometimes also by the action of chlorine on the corresponding hydrides (aldehydes) : 
C"H®O.H + Cl* « C^H»0.C1 + HCL 

They are mostly fuming volatile liquids (chloride of cyanogen, CN.CL is gaseous 
remarkable for the facility with which they are decomposed by water and its derira 
tives (alcohols, aUcalU, alkaline salts, &C.), and by ammonia and the compoun 
ammonias. 

Water transforms them into hydrochloric acid and a monobasic organic acid: 
C*H»0.C1 + H*0 - HCl + C*n»O.H.O. 

Chloride of Acetic Held, 

acetyl 

With alkalis, in like manner, they yield the alkaline salts of the corre^onding acids 
and with alcohols, compound ethers ; 

C*H»0.C1 + C»H*.H.O - HCl + C*H*0.C*H».0. 

Chloride of Alcohol. Acetate of ethyl. 

Distilled with the alkaline salts of monobasic acids, they yield anhydrides : 

C*H*0.C1 + C»H»O.K.O - Ka + (C*H*0)*0. 

CMorkte of Acetate of AceCJe 

aeefjl. poMMliim. anhydride. 

c^m>,ci + c»H*o.K.o - KCi + c*H«o.cnapo.o. 

Chloride of Bensoitteof Aceto-bensoie 

■caijrl. potassium. anhydride. 
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With awHiwla, or Mibonato of •mmoniam, thoy yidd primaiy onddoo : 

C'HH).C1 + NH» - Ha + itH'-aHK). 

Chloride of Bensamlde. 

beusojl. 

and wltk oompoiind ammonias thej yield alkalamides : 

C»H»O.Cl + « HCl + N,H.C*H».0»H‘O. 

Chloride of Pheiiy- Phon>l>beu««inlde. 

bensoyl. Limine. 

In like manner, with primary amides they form secondary amides : 

C»HK).C1 + N.IP.C 11*0 - HCl + N,H.C*IP0.C*H»0. 

Chloritla of Acotainide. Acfto>b«iiiamid«. 

b»‘nEoyl. 

$. Diatomic acid chlorides^ derired from a double molecule of hydrocblorio aeidi iiud 
corresponding to dibasic acids. Such are : 

Chloride of carbonyl (phosgene) • . . • . (C0)''.C1* 

Chloride of sulphuryl (SO*)". Cl* 

Chloride of succinyl (0*H*0*)“.C1* 

Two Tolumes of the vapour of these chlorides contain 2 atoms of chlorine capable of 
conversion into a metallic chloride by the action of a niiueral idkali. 

They are obtained by the action of pentachloride of phosphorus on dibasic acids or 
anhydrides, the reaction, os shown by Williamson, coiiNisting of two stages, the first 
nwulting in the formation of a chlorinated acid, the second in that of a chloride, 
with sulphuric acid: 

+ pci’.ci* - (SO’)" + HCl + roci*. 

Chlnr-bydro. 

* aulphurlc acid. 

(SO*)*|c° + PCl’.Cl* - (S0«)".C1* + HCl + POCl*. 

Chlorida of 
sulphuryl. 

t:hlorido of sulphuryl and chloride of curlmnyl aro also formed by the direct combi- 
nation of chlorine with tho radicles, under the infliieiK^o of light. 

The diatomic acid chlorides are li^ui<l at ordinary temperatures, with tho exception 
of pliosgcne^ which is gaseous. Their reactions are similar to those of the moimtoniio 
chlorides. 

y, IViatomic Acid Chlorides^ corresponding to tribnsic acids, and containing in 
two volumes of vapour, 3 vol. chlorine capable of conversion into a nietaliic chloride 


by the action of an alkali. Such are : 

Trichloride of phosphorus . • . • • • • • PCI* 

Chloride of phosphoryl (oxychloride of phosphorus) • . 

Chloride of sulphophosphoryl PS.l’l* 

Chloride of boron Cl* 

Chloride of cyanogen (solid) (CN)’.Cl* 


The trichlorides of arsenic and antimony must also be regarded os acid chlorides. ^ Tlio 
explosive compound, commonly called chloride of nitrogen, is perhaps also a trichlo- 
rioe, NCI*; but, according to some authorities, it contains hydrogen. 

Acid trichlorides are produced, for the most part, by the direct action of chlorine on 
the radicles. Chloride of phosphoryl is produced by the action of water, and of various 
derivatives of water, on the pentachloride, PCI* + H*<i) ■» 2 HCl + POCl*; and chloride 
of sulphophosphoiyl, in like manner by the action of sulphydric acid on the pnta- 
chloride. All these compounds are decomposed by wat^*T and its derivatives in tho 
same manner as the mono- and di-atomic chlorides, yielding aciils, salts,' and coinponnd 
ethers. Most of them unite with monatomic metallic chlorides, forming double chlorides. 

•. TetriMtomic Acid, Chlorides, containing 4 at. chlorine in 2 volsi of vapour. 8ome 
of the tetratomic metallic chlorides are of add character, viz. SnCP and TiCl*; chloride 
of silicium, SiCl*, is also tetratomic. Tho only or^ic oomijound of this doss is tetra- 
chloride of carbon, OCl* (p. 765), In these chlorides, two of the chlorine-atoms aro re- 
tained less forcibly than the other two. , 

s. PentaiamUf Add Chlorides, — Two only of these compounds are known, viz. PCI* 
and SbCP* They are both volatile, but the ontimonic chloride suffers paHial decom- 
position at the same time. To each of these chlorides there is a corresponding tri- 
chloride^ and their general relations indicate that two of the chlorine-atoms are 
retained less forcibly than the other three. 

With 1 at. of water, they yield hydrochloric acid and an oxychloride, e, g, : 

PCI* + H*0 - 2HC1 + PC1*0, 

3x2 
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but an excess of water likewise decomposes tbe oxycbloride, fomung bydiochlorie MfiA 
and phosphoric or antimomc acid. Similar reactions are produced ^alis and iu^** 
case of pentachloride of phosphorus, hyr alcohols, the products being hydrochloric ad i 
a chloride of the alcohol-radicle, and either oxychloride of phosphorus or aphosnhaf 
gf the radicle, according to the quantities present. Thus with phenylie alcohol • ^ ^ 
POP + C«H».H.O - C«H* Cl + HCl + PCPO 
and PC1*0 + 3(C«H« H.O) = (C*H*)»PO« + 3HCL 

With acids, or with salto of alkali-metal (acetate of sodium, for example) pent^- 
ehloride of phosphorus yields oxychloride of phosphorus, hydrochloric acid, and 
chloride of the acid radicle (pp. 898, 899), and in some cases, if a salt of the alkali- 
metal is present in excess, the corresponding anhydride is formed : thus 

C^H»O.Na.O + PCP « PCP.O + NaCl + C^H'^O.Cl; 

Benzoate of Chloride of 

sodium. benzojl. 

and C’H‘O.Na.O + C^H»O.Cl » NaCl + (C’H»Om 

Benzoate of Chloride of Benzoic 

sodium, benzoyl anhydride. 

omoxiBTSiLTMlTSa A product of the action of chlorine upon indigo (e e ) 

0B&0»Xr»zar. See Indin. 

OH&O&ZSTB. Si/mbol Cl. Atomic weight 36 5. 36*6 (referred to hydrogen 

as unity.) Atomic volume 1. 

Chlorine is a substance very widely distributed in nature. It exists chiefly in tlio 
form of chloride of 80 <liurn, which constitutes rock-salt when deposited in inland bids, 
sea-salt when dissolved in masses of water. The sea also contains chlorides of potas- 
sium, calcium, and magnesium. The chlorides of calcium, lead, mercuiy, and silver, 
respectively, form the partial or sole constituents of several well-known minerals, ami 
free hydrochloric acid has been mot with in the air of volcanic neighbourhoods. 
Chlorine was discovered by Scheele in 1774. Its elementaxy nature was first esta- 
blished by Da-^ in 1810. 

1. Chlorine is usually prepared by the action of hydrochloric acid upon peroxide of 
manganese, at a gentle heat : 

4HC1 + Mn®0* « 2H*0 + 2MnCl + CP. 

The liberated chlorine may be washed by transmission through a small quantity of 
water, and dried with oil of vitrol in the usual manner. It is best collected by down- 
ward displacement. It cannot bo collected over mercury, on account of its rn})id 
action on the metal. It cannot rCadily be collected over water, on account of solubililv 
therein ; but the difficulty may be obviated by evolving the gas rapidly, or by passing 
the delivery tube to the summit of the receiver, or by keeping the water in the trough 
perceptibly warm, or by saturating it with common salt. In the above reaction, tiie 
peroxide of manganese may be replaced by acid chromate of potassium ; as also, tliongh 
with questionable advantage, by several other oxidising a^nts, such as red or brown 
oxide of lead, chlorate of potassium, hypochlorite of calcium, nitric acid, &c. More- 
over, a mixture of common salt and oil of vitrol, which generates hydrochloric arid 
abundantly, may be, and frequently is, substituted for the ready formed hydrochloric 
acid, thus : 

2NaCl + 2H*SO* 4* MnO* « Na*SO^ + Mn"SO« + 2H»0 + CP. 

This is the method usually adopted on the large scale, to generate chlorine for the 
manufacture of bleaching powder, <^orate of potassium, &c. It has the advantage of 
eliminating the whole of the chlorine from the chlorine-compound used, whereas, in 
the decomposition of the peroxide by hydrochloric acid alone, half the chlorine remain « 
as protochloride of manganese. The sulphuric acid, .when present in excess, has also 
the effect of drying the chlorine. The materials are mixed in a laige alembic of nearly 
spherical form, and constructed either entirely of lead, surrounded at its low'cr part 
with a cast-iron steam-jacket, or of two hemispheres joined together in the mitlflle, 
the 'Upper being of lead, the lower of iron. In the former case the vessel is heated 
by steam, in the latter over a very gentle open fire. (See Urels Dictionary of ArU^ 
M0m^fa€twrt9 and ilfinrs, i 666.) 

Another method, which may be economically practised in sulphuric acid works, con- 
sists in heating a mixture of common salt and mtrate of sodium (Chili saltpeti^) with 
excess of sulphuric add. Hydrochloric and nitric acids are thereby evolve^ and by 
their*" mutual action generate chlorine, peroxide of nitrogen and water : 

HCl -1^ HNO» - a + NO* + H*0. 

The mixed vapoura are made to pass into condensers containing sulphuric acid, 
which absorbs the peroxide of nitros^, forming a peculiar compound which is after- 
wards used in the manufacture of sulphuitc acid itself (see Sulphubic Acid}, while the 
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diloriiie bum on and ibaj bo tu»ed for tho Mparation of chloratoo or hypo<fo!o3ril«& 
The luiaue of add sulphate of sodium, left by the action of the sulphune add on tha, 
mixture of nitre and salt^ remains liquid, and may be run off into a furnace and healed 
with an additional quantity of salt, producing hydrochloric acid and neutral sulphate of 
aodiom, which last may be used in the nianiifacture of soda. de CiU’miis 

raUtpar Pelouze (t Primy, 3** 6d, i. 414.) 

2. Chlorine is also liberated by the simple action of a red heat upon certain cldoridea, 
such as those of p^adium, platinum, and gold, thus : PtCl* » Pt -r CP. Peutachloride 
of antimony, SbCP, breaks up, when gently heated, into trichloride of antimony, SbCP, 
and foee chlorine, CP ; and in like manner, the trichloride of gold, AuCP, breaks up 
into protochloride of gold, AuCl, and free chlorine, Cl’^ Mort'over, chlorine gas foe* 
quently results from tho decomposition of its oxidised compounds. 

J^opertirs, — Chlorine has a yellowish-green colour, whence its name ud 

a pungent irritating smell. It is irrespirablc unless very much diluted. It is one of 
the heaviest substances that arc gaseous at common tein}M>rature8, being 3d| times 
heavier thain hydrogen, and 2J limes heavier than atmospheric air. By a pressure of 
four atmospheres, at mean tcmpcriiture 16-6° C.. it is condensed into a yellow mobile 
liquid, having a specific gravity 1 -SH. It lias resisted all attempts at solidification. At 
oniinary temrwraturos, water disaijlves alx)ut twice* its volume of chlorine, fonning a 
solution which has the colour, smell, and general chemical properties of tho gas. At Tow 
temi>erature8, water dissolves a sdll greater proportion of chlorine, and at the tempera- 
ture 0® C. a definite hydrate of chlorine, 01.511*0, crystallises out. If this hydrate bo 
gently warmed in a scalod tube, it will, at a temneraturo of 38® C., decompose into a 
layer of water floating over a layer of liquid clilorine. This liquid chlorine may be 
readily distilled off, and condensed hy means of a freezing mixture at the other extremity 
of tho tube, which is usually bent for this pur|Kwe at an obtuse angle. 

Chlorine possesses very active chemical proiH'rties, and gives origin to many phe- 
nomena of comliination, substitution and inuiroct oxidation. It is moreover, non- 
inflammable, and does not unite directly with oxygen und(‘r any circumstances. At 
oniinary temperatures, chlorine combines directly with nil tho vietah^ with many me* 
talloi Is, such as hj/drogrn and phosphorus^ and with many compound bodies, such aa 
sulphurous anhydride^ SO*, olrfiani gas^ C*I1\ bensnuy ami^ carhtmio oxide, CO. 

Its union with phosphorus, and with finely divided araenic, antimony, tin, or copper, 
is attended with the phenomena of combustion. At increased temperatures, clilorina 
combines with many other substances, sucli os sulphur, sebnium, boron, and silicon. 
It has not been made to combine directly with carbon. When ordinary combustible 
bodies containing carbon and hydrogen, such as paper, wood, wax-taper, &c., are 
ignited am! immersed in a vchmcI of clilorims tlio combustion coiitiinies chiefly at the 
t*xp 4 ‘nse of the hydrogen, whicli forms liyilr<»ehIoric acid, while the carbon is deposited 
ns a dense black smoke, rrevious ignition of tho hy^lrocarl)onis€}d sulisfance is not 
riiways necessary to induce these phenomena. J*Hper dipped in oil of turpentine, 
and plunged in a vessel of tho gas, takes fire s^iontaneously, yielding abundance 
of liydrochloric acid and carbon. 

Chlorine displaces bromine, iodine^ vLTiH Jlttorinr, from their combinations, by equiva* 
lent substitution. Free iodine strikes a df*op blue colour with starch ; and when 
starched paper dipped in iodide of potassium solution is brought into contact with 
chlorine, the iodine is liberated by the chlorine, ami the eharatderistic blue iocHda of 
starch produced : KI + Cl = KCl + I. Chlorine also displaces Ayi/roycn by ecjuivolent 
substitution, one half of tho chlorine taking tho place of an equivalent quantity of 
hydrogen, while the other half unites with tho hydrogen eliminated: 

ci»H«»o* -»■ Cl* - c'*ii"Cio* irci. 

Sslirin. Chloro «m 11< In. 

C*H'0* + Cl* « c*nci*0» + 3ITC1. 

Acetic acid. Trlcbtor4c«tic 

•rid. 


Chlorine, hy combining with hydrogen or a metal, acts indirectly as an oxidising 
agent. Thus, when chlorine- wab'r is exposed to the action of sunlight, we have 
Cl* H*0 2HC1 + O. Again, when ferric hyilrate, snapendcMl in solution of bydtat# 
of potassium, is treated with chlorine, wo have produced ferric and hydjrochlorio acid^ 
irluch react with the alkali to form potassium salts : 

H*0 + Fe"'H*0* + Cl* — lI*O.Fo’K>*, ff.s. H’Fe’*©*) + 3HC1. 

Ferric Ferric 

brdrste. acid. 


C3doiine destrovs the colour of most organic pigments. This bleaching a^tioa is 
UMally acoompanied by oxidation and substitution, thus : 


OT*NO + H*0 ^ CF 

Indigo. 


C*H^C1N0» + 3H0I, 

ChJoriMliii. 


3m a 
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^ Chlorine also destroys odonrs of yarioiis kinds, and possibly inliMitioiis 
either by abstractii^ hydrogen with or without substitution, or 1^ indirectiy oxi^ 
“g* W. 0. 

AnUMorUtic Theory, — Chlorine was originally x^arded as a compound body, 
namely, Oxygeniaed TtiwnaUo add^ or OxymwriaMo acid. Muriatic add was supposed 
to be a compound^ of oxygen with the unknown radicle MuriaHcwtif or Murium, and 
chlorine or oxygenised muriatic acid was supposed to contain the same radicle united 
with a larger quantity of oxygen. Moreover, as the driest muriatic add, when brought 
in contact with red-hot metals, evolves a large quantity of hydrogen, and as 1 vol. 
of dry chlorine with 1 voL of dry hydrogen forms 2 vols. of p^ectly dry muriatic 
add gas, it was concluded that 1 vol. of chlorine (or oxymuriatic acid), contains a 
half volume of oxygen, which, in the formation of muriatic acid gas, combines with 
1 vol. of hydrogen ; and that muriatic add gas is an intimate compound, in equal 
numbers of atoms, of water, and a not yet isolated anhydrous muriatic acid, which 
may be called hypothetical anhydrous muriatic acid, to distinguish it from ordinary dry 
muriatic acid gas. Berzelius formerly arranged the various Agrees of oxidation in the 
series as follows : 


lat. MuriuinAll’4 
tikei up of oxygen 
(-8) 

2 at » 16 ... 

3 ,, SB 24; « • « 

4 „ « 32 

6 „ Bs 48 ... 

8 „ - 64 

10 „ 80 


and forms 
therewith 

Antlchloristic Namei. 

Chloristic Names. 

27'4 pts. 

of Hyp. anhyd. muriatic acid. 


35 -4 „ 

Oxymuriatic acid. 

Chlorine. 

43-4 „ 

Buchlorine. 

Hypochlorous an- 



hydride. 

«»-4 „ 

? 

Perchloric oxide. 

76-4 „ 

Hyperoxymuriatic acid. 

Chloric anhydride 

91-4 „ 

? 

PercSoric anhy- 



dride (hyp.) 


It is easy to see that most of the phenomena exhibited by chlorine-compounds, may 
be rationally expressed in the language of this so-called “ antichloristic thooiy’.’' 
Muriatic acid gas is supposed to bo a compound of 1 at hypothetical anhydrous 
muriatic acid *»27*4 with I at water — 9, making together 36*4 (MuO^HO).* Metallic 
chlorides are hypothetical anhydrous muriates of metallic oxides, MuO*.RO, and may 
be formed, with evolution of hydrogen, by contact of a metal with muriatic acid gas, the 
oxidation of the metal being produced by the water. The same compounds are fornu-d 
when a metal is immersed in oxymuriatic acid gas (MuO’), the metil then taking 
away the third atom of oxygen of that gas, and forming an oxide, which unites with 
the remaining hypothetical anhydrous muriatic acid. The formation of a muriate and 
hyperoxymunate (chlorate), when oxymuriatic acid comes in contact with the aqueous 
solution of an alkali, is effected by 6 at^ of oxymuriatic acid giving up their third 
atom of oxygon to a sixth atom of the same acid, which is thereby converted into 
byperoxymuriatic acid [6MuO* + 6KO KO.MuO* + 6(KO,MuO*)]. And in all 
cases in which chlorine is as an oxidising agent, where the one theoiy supposes that 
the element chlorine unites with hydrogen as a metal, and sets oxygen free, the other 
supposes that the third atom of oxygen in MuO\ performs the same functions. 

On the same theory, phosgene gas (oxychloride of carbon), is supposed to be a com- 
pound of hypothetical anhydrous muriatic acid with carbonic acid (MuO^OO^) ; terchlo- 
ride of phosphorus is a muriate of phosphorous acid, PO*.3MaO*, and the pentachlorida 
is PO*.5MuO*, both compounds being formed by the combustion of phosphorus in the 
third atom of oxygen of MuQ*, whereby phosphorous or phosphoric acid is produced, 
which unites with the resulting MuO^. 

Such was the theory of the chlorine-compounds which maintained its ground till 
1809. In that year, however, Gay-Lussac and Tb4nard showed, by arguments founded 
on numerous experiments, that the chemical relations of the so-called oxymuriatic 
acid, or chlorine, might all be explained on the supposition that it is an elementaiy 
substance, and this view was further carried out by Sir H. Davy in 1810, who first 
gave to this substance the name of Ghlorxnb. It is not necessary to go into all the 
arguments by which this view was ultimately established ; it is sufiftcient to observe, 
that chlorine has never been shown to contain oxygen, or indeed to be capable in any 
way of resolution into simpler forms of matter, and therefore tlmt its claim to the title 
of an element rests on the same foundation as that of the' other bodies at present rC' 
^arded as elementaiy. (For further details, see Gmelin*a Sdndhookt iL 856, and Urva 
iMeUonaty of Chemiatry, 4th edition, p. 318.) 
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cmomsn* anracnoir Am asTncATxoar or. i. iieaetion$.^ 

Chlorine in the free state is recognised by its suffoc^iting odour, its yellow-green colour, 
the bleaching action which it exerts on litmus, iudigo, and other Testable coloius, and 
the deep blue colour which it produces with a mixture of starch and iodide of potassium. 
The aqueous solution exhibits the same chanieters. 

Hydrochloric acid and solutions of metallic chlorides, either neutral or idightly 
acidulated with nitric acid, give with nittate of silver^ an immediate white curdy pre- 
cipitate of chloride of silver, insoluble in hot nitric acid, easily soluble in ammonia ; 
and with ffterrurous nitratt\ a white curdy precipitate of mercurous chloride (calomel) 
insoluble in nitric acid and in ammoni^ and turned black by aiumoni«L lioth these 
reactiona are extremely delicate. Solutions of chloride of sovlium of various degrees 
of dilution, give with nitrate of silver and mercurous nitrate, the reactions iudicat^Hl 
iu the following table : 

1 pt. chlorine Id : Nitrate of Silver. Mercurous Nitrate. 

100.000 pta. water Slight turbidity. Slight precipitate. 

200.000 „ „ Immediate slight cloud. Turbidity after a few 

luinutes. 

400.000 „ „ Very slight turbidity. turbidify 

after some minutes. 

800.000 ,a „ Very faint opalescence. Opalescence after some 

time. 

1,600,000 „ •• Scarcely perceptible Scarcely perceptible opo- 

opalescence. lemreuco after some 

time. 


With solution of sal-ammoniac, the silver-solution behaves in a similar mannsr, and 
gives a perceptible cloud, even with 3,200,000 pts. of water; with the mercurous solu- 
tion, the reaction ceases to be perceptible wnlh 400,000 pts. of water to I pt. of chlorine. 
(Lassaigne, J. Chiiii. miSd. viii. 618.) 

The only salts which give with silver-solution a precipitate resembling the chloride, 
arc bromides, iodides, and cyanides. Either of those salts is easily detected in 
pn‘srnce of a chloride, viz. bromides and iodides by the colours of the bromine and 
it>dinc when set free, and by their reaction witli starcli-jmste ; cyanides by the 
formation of Prussian blue with fcrroso-feiric salts; but the detection of small quan- 


tities of chlorine in presence of excess of either of the other salts, presonU p;reato 
difficulty. Bromide, iodide, and cyanide of silver are all insoluble in ck^ld nitric acid, 
and more or less soluble in ammonia. Iodine is, however, completely precipitated liy 
nitrate of palladium, which docs not precipitate chlorine: consequently the chlorine 
may Iks detected by adding nitrate of silver to the fihrato. The best mo<le of detect- 
ing a small quantity of a chloride in presence of excess of bromide, is to distil the 
dried salts with sulphuric acid and acid chromate of potassium, and pass the evolved 
red vapours into ammonia: if chlorine is present, chlorochromic acid will be evolv€‘d, 
and the liquid will bo coloured yellow, from formation of chromate of ammonium ; but 
if only bromine is pn^sent, it will reinuin colourless. Cyanide of silver dissolve# 
with aocomposition when boiled with slrmig nitric acid, and may thereby bo separated 
from the chlorido, which will remain undissolved. 

As the greater number of metallic chlorides are soluble in wafer, the method of pre- 
cipitation by nitrato of silver may be appli'-‘<l to them immediately. Cuprous chlo- 
ride, and many oxychlorides which are insoluble in water, disaolve in nitric acid, 
and the chlorine contained in them may then be detected in the same manner. Oxy- 
gen-salts of chlorine, viz. the hypochlorites, chlorites, chlorates, and perchlo- 
rates, give off their oxygen wlnm heated, and aro r<Kliicod to chlorides: the rwluction, 
excepting in the case of porchloraU^s, may also be effectod by sulphurous mud. The 
chlorides of phosphorus and other noii-metallic elements, are ,de.compos^ by 
water, yielding hydrochloric acid, in which the chlorine may then l)e detected hy nitrato 
of silver. The chlorine in organic compounds is for the most part not imme- 
diately precipitated by nitrate of silver, only indeed when it may be said to exist tm 
liydrocl^ric acid, namely, in combination with organic bases; from other otganic 
compoonds, as the chlorides of the alcohol- radicles, and the numerous class of com- 
pounds in which chlorine takes the place of hydrogen, it must first be separat^ 
either by ignition with lime, or by heating the compound with nitnc acid in a sealed 
tube (pp. 226, 247). , i - 

2. Quantitative Estimation. ^Ch]onne is always cstunatecl us chloride^ 
silver. If not present as hydrochloric acid or a motalJic chloride, it most bo rwlucTO 
to that state by one of the methods just indicated. The solution is then slightly 
acidulated with nitric acid in the cold (the application of heat to the acid solutmn 
vonld drive <ifr pert of the chlorine) ; nitrato of silver is added in excess ; and tli6 
^ 3M 4 
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liquid either briskly agitated with the ^precipitate, or else left for some hours in ^ 
verm place, till the precipitate has completely settied down. The precipitate is col. 
lected on a filter, which should he as small as possible, washed with water, and dried 
at 100° C. It must then be separated as completely as possible from the filter, and 
introduced into a porcelain crucible preTiously weighed, the filter burnt to ashes out. 
side the crucible, the ashes added to the contents of the crndble, and the whole strongly 
heated over a lamp till the chloride of silyer is brought t-o a state of tranquil fusioo, 
after which it is left to cool and weighed. It contains 2474 per cent, chlorine. As a 
small portion of the chloride may be reduced by the organic matter of the filter during 
ignition, it is best, before weighing, to treat the cooled mass with a small quantity d 
nitric acid, in order to dissolye the reduced silyer, then add hydrochloric acid, eva- 
porate to dryness, fuse, and weigh. The quantity of chlorine introduced in this man- 
ner, will only be the equiyalent of that which may haye been lost by the previoua 
reduction. The chloride of silver may also be collected on a weighed filter, and dried 
in an oil-bath at about 150° 0. 

The quantity of chlorine in a soluble chloride may also bo estimated yolumetri* 
cally, by precipitation with a standard silver-solution, a cubic centimetre of which con- 
tains 30*42 milligrammes of silver, corresponding to 10 milligrammes of chlorme. 

Volumetric Estimation of Chtorine in Hypochlorites : Chlobimetbt. — T he value of 
the so-called ** chlorides of lime, potash, and soda,’’ which are mixtures of the hypo- 
chlorites, chlorides, and hydrates of the respective metals, depends upon the percentage 
of hypochlorite which they contain, or, what comes to the same thing, on the quantity 
of chlorine which they evolve when treated with an acid, thus : 

Ca^Ol^O'** -H I- llHJ + Cl®, 

and this quantity may be conveniently estimated : a. By the quantity of arsmiom 
anhydride which it will convert into arsenic anhydride in an acid solution : As®0* + 
Cl* + 2H®0 « As®0“ + 4HC1. — h. By the quantity of ferrous oxide which it will 
convert into ferric oxide. — c. By the quantity of iodine which it will liberate from a 
standard solution of iodide of potassium, 

A. 14 grammes of pure arsenious anhydride, dried at 100° C., are dissolved in 
caustic potash, and the solution is diluted to 1 litre ; 1 cub. cent, of this solution con- 
tains 0*014 grm. As®0*, and requires for its conversion into arsenic anhydride, 
0*010 grm. chlorine (As®0* = 198 : Cl* « 142 : : 14 : 10). 

Five grma. chloride of lime are triturated with water, the whole washed into a gra- 
duated cylinder and diluted to 100 c.c. ; 50 c.c. of tlie arsenious solution are plueed 
in a beaKer, diluted with water, saturate with hydrochloric acid, and coloured hliio 
by a drop of indigo-solution ; and the solution of chloride of lime (well shaken up), is 
added from a burette, till the blue colour is nearly destroyed. A fresh drop of indigo 
is now to be added, and then the chlorine-solution again, very cautiously, and <lrop by 
drop, the contents of the beaker being continually agitated, till the colour finally dis- 
appears. This marks the end of the operation : for the decoloration of the indigo docs 
not take place till all the arsenious anhydride is converted into arsenic anhydride. 
The percentage of available chlorine in the sample is then easily calculated. Suppose 
that 45 C.C. of the arsenious solution have been employed ; these correspond to 0*45 grm. 
chlorine ; consequently, the sample contains 9 per cent of chlorine in the form of 
hyrochlorite. 

Another mode of proceeding is to act on a known volume of a standard alkaline 
solution of arsenious anhydride added in excess, and to estimate the excess by a 
standard solution of iodine (p. 266). This, according to Mohr, is the only accurate 
method. 

b. A weighed quantity of the sample is made to act on a known quantity of feirous 
sulphate added in excess, and the quantity of that salt unoxidised by the hypochlorite, 
is estimated by a standard solution of permanganate of potassium. Every 1 at ferrous 
oxide converts into ferric oxide, corresponds to 1 at chlorine : 

2Fe’'0 + Cl® + H*0 « F^O* + 2HCL 

c. For the iodometric method, see AirAnTsis, Yoluioitbio (p. 266. On CHLCfBmxniT, 
see also Urds Dictionary of Arts, Manufactures and Mines, i 671). 

3. Separation of Chlorine from other Elements. — The method of precipi- 
tation by nitrate of silver serves to separate chlorine from all other elements except 
bromine and iodine. 

To estimate chlorine in presence of bromine, the two elements are predmtated to- 
other by nitrate ci silver, the precipitate dried, ignited, and weighed in tne manner 
mt described (p. 904), and the bromine determined by the methra given at page 678. 
Fiom this the quantity of bromide of silver in the precipitate is found by the propor- 
tjoQ Br : AgjBr « 80 : 188 ; this deducted from tne total weight of the psempitate, 
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(iie quantity of chlorido of ttlrer therdtn; and 3474 per cent uf this laat qnantity 
u the amount of chlorine sought. 

The method of eetimuting chlorine in presence of iodine is predsely similar. 

When chlorine, bromine, and iodine occur together, the iodine is first precipitated 
by nitrate of palladium (see Iodimb), and in the filtrate the chlorine and toomme aie 
determined as above. Or the three elements may bo separat^ and estimated hf 
Field’s method (p. 678). ^ ^ 

4. Atomic J^ctyAfo/C'A/orine.— The atomic weight of chlorine was determined 
by Berzelius (Ann. Ch, Phys. [2] xci. 102) in connection with tliose of silver and 
potassium ; and the same method has been carried out^ with vciy nearly accordant 
results, by Marignac (J. pr. Chem, xxxi, 272; Ann. Ch. Pharm. xliv. 14), Penny 
(Phil Trans. 1839, p. 129), Maumen^ (Ann. Ch. Phys. [3] xviii. 41 ; Ann. Ch. Pharm. 
lx. 173), and, lastly, by Stas (/?<■<? AercAes sur Its JRajjports rfcipro^ues dec Ihids 
o/omtotcss, Bruxelles, 1860). The series of operations is as follows: 

1. CJhlorate of potassium, KCIO*, when heated to redness, gives off all its oxygen, 
leaving chloride of potassium, whence the atomic weight of clUoridc of potassium cx>ro- 
pared with that of oxygen is known. 

2. As 1 at. chloride of potassium throws down 1 at. of silver from its solutions, the 
determination of the quaiitit^r of chloride of silver precipitated by 1 at chloride of 
potassium gives the atomic weight of chloride of silver, AgCl. 

Or if a known weight of silver be dissolved iu nitric acid, and the quantity of 
chloride of potassium nvjuired to precipitate it bo determined, the ratio between the 
atomic weights of silver and chloride or potassium becomes known: whonco also the 
atomic weight of chlorine may be found, by determining the weight of chlorido of silver 
produced from a given quantity of silver. 

3. The quantity of clilorid? of silver (c) produced fVtun a given weight of silver (s) 
is found, either by igniting silver in chlorine gas, or by dissolving it in nitric acid nud 
precipitating bv hydrocliloric acid : hence, the afomic weight of ehlorido of silver («») 
being previously known, that of silver (i-), is found hy the proportion, c : $ » to : 
and that of chlorine bv difference; or, the atomic weight of silver being found from 
tlio quantity of chloride of potas.siiun nxjuired to preeipitafo it, that of chlorino is cal- 
culated from tho composition of the chloride as just deterrnineil, 

1. Dt tiTminaiion of Ow Amouuiof Oxt/gai in ChluraV’ of iKUasstm/u This may bo 

ebtermined eitlier by heating the salt to reilness, or else by reducing it with hydro- 
chloric acid, evaporating to dryness, and igniting. In carrying out the former method, 
it is necessary to arrange tho ajiparatus in such a manner that any small particles of 
the salt that may be carried away by Iho escaping gas may bo collected anil weighed. 

The proportions of oxygen and elilorido of |N)bi.ssiiiiii in 100 pfs. of tlio chlorato, 
and the atomic weight of chloride of potassium tlieiico determined, by tho prof>ortioil 
O* : KCl 48 ; or, are as follows, according to the uutliorities above quoted : 


0* . . . , 

KCl . . 

BfTKffllua. 

39-160 

60*860 

Marignac. 

39*161 

60*839 

Penny. 

89177 

60*823 

MaumanA. 

39*209 

J30*791, 

Staa. 

39*164 

60*846 


100000 

100 000 

lOO’OOO 

lOOOOO 

100*000 

Atomic weight of KCl , 

74*006 

74*676 

74*620 

74*424 

74*69 


2. Determination of the Atomic Weight of ChJoride of Silver : 

100 pts. of chlorido of potassium yielded, by pw^cipifation with nitrate of silver: 

D(>rzr;Hiii. Marignac. MaumenA, 

Chloride of sUver 192*4 192*36 19276 

100 pU. of silver dissolved in nitric acid, require of KCl for precipitation : 

Marignac. 8tag. 

60-002 69*103 

^ Kow 1 at chloride of potaasium precipitates 1 at silver, forming 1 st chloride of 
silver; hence^ according to Marignac — 

100 ; ll2*36 « 74*676 : AgCl - 143*44. 

3. By igniting 100 pts. of silver in chlorine gas, the following quantities of chloride 
of silver are obtained : 

Berselitu. MartfUM. Prauf, ManaanA. But. 

* 

(1S4I.) (IS4A.) 

AgCl . • 13276 132 73 132*84 132*84 13273 132*846 

CorapaiiLg now Msrignac’s first number, 132*73 (which agrees with that of MiuimeuA 
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and very nearly with that of Berzelius) witli his determination of the atomic weight 
of chloride of silver above quoted, viz. 143 'i*!, we find for the atomic weight of silTer: 
13273 : 143*44 - 100 : Ag » 108 06 
whence; a - 143*44 - 108*06 « 86*38 

and: K- 74*676- 36*38 « 39*19 


Jif again, we start from the same atomic weight of KCl as before, viz. 74*675, and 
assume, according to Marignac’s second determination (aJro that of Penny) that 100 pta, 
silver produce 132*84 pts. chloride; also that 100 pts. silver require for precipitation 
69*062 KCl (Marignac), we arrive at the numbers in the left hand column of the 
fbllowing table ; those in the right are found in like manner from the determinations 
of Stas: 


Ag- 

Cl - 
K 


Harlgnac. 
100 X 74*676 
69*062 

107*98 X 32*84 
100 

74*676 - 36*46 


107*98 

35*46 

39*12 


Ag 

Cl 

K 


Stas. • 
ICO X 74*59 
69*103 

107*94 X 32*846 
100 

74*69 - 36*46 


107*94 

36*46 

39*14 


Dumas (Ann. Ch. Pharm. 21), by igniting silver in chlorine gas, found 

that: 

9*964 grm. silver gave 13*227 AgCl 
19*976 „ „ 26*642 „ 

whence, taking the atomic weight of silver at 108 (a result deduced from the analyses 
of the nitrate by Marignac) : 

The first determination gives Cl — 36*612 
The second „ „ Cl «* 36*499 

Mean « 36*6 


This number 36*6, being also very near to the results above detailed, is. generally 
adopted. 

OB&ORXjrs, B*W2>2tiiTS 01*« C1.6H^O. — When water is introduced into a 
vessel filled with chlorine, in quantity not exceeding 6 at. water to 1 at. chlorine, ami 
the vessel is exposed for some days to a freezing temperature, a pale yellow trunslueent 
hydrate is formed, sometimes in arborescent crystalline masses, sometimes in needles 
and rhombic octahedrons. It may bo sublimed from one part of the ve.S8el to another. 
When gently heated in an open vessel, it is resolved into chlorine gas and aqueoas 
solution of chlorine. At 38^ C. in a sealed tube, it is resolved into aqueous chloriiuj 
and free liquid chlorine, which separates as a distinct stratum. The hydrate acts on 
ammonia, ammoniacal salts, and alcohol in tlie same manner as gaseous chlorine. 
(Faraday, Quarterly Journal of Science^ xv. 71.) 

CB&OBXVB« OXXBBS» and OXTOSXtr-BCXPS OS*. Chlorine forms four 
oxygen-acids, all of which may be regarded as oxides of hydrochloric acid, namely : 

Hypochlorous acid HCIO Chloric acid HCIO® 

Clilorous acid HCIO* Perchloric acid IICIO* 


They are obtained by the following processes : • . j • v 

1. Hypochlorous acid, HCIO, is produced by oxidising hydrochloric acid with per- 
manganic a cid ; and hypoclilorite of potassium is formed, together with chloride, by 
paMuig chloniie into a cold solution oi potash : 

KHO + a» » KCaO + KCl. 

2. Solution of hypochlorous acid, HCIO, especially at increased temperatures, w 
converted spontaneously into chloric acid, HCIO*, togfether with water,, chlorine, and 
oxygen. Moreover the solution of an alkaline hypochlorite, when boiled for some 
time, breaks up into chlorate and chloride : 3KC10 * KCIO* + 2KCL 

3. Chloric acid, HCIO*, when deoxidated by nitrous acid, yields chlorous aa^ 

HCIO*; and conversely, chlorous acid, by its spontaneous decomposition, yields chlonc 
acid and other products. / , . a 

4. Chloric acid, HaO*. when oxidated at the positive pole of a voltaic battery, 
yields perchloric acid, HdO*. Moreover chlorate of potassium, when moderately 
heated, breaks up into perchlorate of potassium, chloride of pot^um, and oxygen. 

Hypochlorites, chlonm chlorates, and perchlorates of aUudi-metal, when strongly 
heated, are alike converted into chlorides by loss of o^gen. 

The anhydride of a monobasic oxygen-acid is formed from two atoms of the acid oy 
the loss of one atom of water. The worine-acids should thearefoie yield the following 
anhj^des : 
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AqMv* AnbvdfidMk 

2HC10 - HH) » C?0 HypoehloioiM ' 

2HC10« - H*0 Cl»0» Chlorou* 

2HC10» - H*0 - C1*0* Chloric 
2HaO« ~ H*0 - CIH)’ Peichlorio 

The first two anhydrides are tolerably well known, the last two haTS nol yet been 
obtained. We are, however, acquainted with the corresponding io^c and periodic 
anhydrides, 1*0* and 1*0', ^pectirely. By the reabsorption of an atom of water, 
one atom of each anhydride ia reconverted into two atoms of the corresponding acid ; 

C1*0 + H*0 - 2HC10 

C1*0* + H*0 « 2HC10* 

(I*0» or) C1*0* + H*0 - 2HC10* (or 2HI0*) 

(1*0* or) C1*0' + H*0 - 2HC10* (or 2HI0«) 

In addition to the above anhydrides, a complete series of chlorine-oxideo should 
obviously include three other terms^ thus : 

Cl* Chlorine C1*0* Perehloric oxide 

C1*0 Hypochlorous anhydride C1*0* Chloric Anhydrido 

Cl*0* Chloric oxide f C1*0* Hypercliloric oxide ? 

C1*0* Chlorous anhydride C1*0' Perahloric anhydrido 

Soubeiran obtained fi*om euehlorine (p. 913) a gas which decomnosed into equal 
volumes of chlorine and oi^gcn, a result considered by Berzelius to bo conclusive of 
the existence of chloric oxide. ITyperchloric oxide is not improbably identical with 
Hi lion's perchloro-chloric acid, Cl^O*', or 3C1*0* (?) Perchloric oxide is a veiy 
well-known substance, which, moreover, appears to bo identical with Mi lion’s chloro- 
chloric acid, C1*0'*, or 3Cl*0* (?) Perchloric oxide is decomposed by water into 
chlorous and chloric acids : 

C1*0« + n*0 - HCIO* + IICIO*. 

Hypochlorous Anhydride, Acid, and Salts, 

Hypochlorous Anhydride. Cl*0.— This gas, which wnsdiscoverwl by Balard 
in 1834 (Ann. Ch. Phys. [2] Ivii, 225), may 1^ prepared : 1. By adding glacial plios- 
phoric acid to a conceutrated solution of hypochlorous acid standing over mercury. 
The glacial pliosplioric acid abstractii water from the hypochlorous aci<l, and the 
gaseous anhydride thus produced collects in the uj)per part of the tube : 211CIO — 
H*0 - CPU. 

2. By passing chlorine gas over mercuric oxide contained in a tube kept cool by 
ice: 

Hg"0 + CP « CPO + Hg^Cl*. 

The mercuric oxide should be prepared by precipitation, and dried at a somewhat high 
temt>eralurHj 300° C. Any excess of mercuric oxide rcmaiifti combined with tlie re- 
sulting mercuric chloride in the form of a brown crystalline oxychloride. The gus 
may be collected by downward displacement, or in the mercurial trough, but it cauiiot 
be kept long over mercury, as it gradually acts upon the metal, 

Hypochlorous anhydrido is a gas of a pale reddish -y<?llow colour, and a powerful 
odour somewhat resembling that of clJorine. Its specific gravity does not appear to 
liave been determined experimentally. By calculation, supposing the molecule to oc- 
cupy two volumes, it is ^ ^ ~ ** 43'5, referred to hydrogen, and 3*016 re- 

ferred to air as unity. It is so rea<lily decomposed into two volumes of chlorine and 
one volume of oxygen, that it cannot bo preserved unchanged, even for a few hours. 
'By a slight elevatmn of temp<^^atu^e, or sometimes spontaneously, decomposition takes 
place with explosion. In sunlight the decomposition is veiy rapid, but usu^y tranquil. 
At the low temperature produced by a niixturo of salt and ice, tlio gus is condensed 
into a deep orango-colourcd liquid, heavier than water, and veiy explosive. Both the 
gaseous and liquid anhydride dissolve in water, undergoing decomposition and being 
converted into hypochlorous acid : 

a*0 + H»0 - 2HCI0. 

The general zjsactioiis of the anhydride correspond with those of the acid, but are tnofs 
violent. 

H TVOOHLOBOT78 AciD, HCIO,— ‘This acid may be prepared : 

1. From the anhydride, as just mentioned. 

2. By passing air saturated with hydrochloric acid ihrough a solution of pernum- 
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^ate^f potassium, acidulated with sulphuric acid and heated in a water bath. Th 
distillate is a solution of hvpochlorous acid formed by the direct oxidation of 
chloric acid: HCl + 0 « HCIO. 

3. By the addition of almost any oxacid to s metallic hypochlorite. 

4. By passing chlorine gas into water, holding suspended or dissolved certain m#, 

taUic oxides, hydrates, carbonates, sulphates, phosphate^ &c. In practice, oxide of 
mercury, and, according to Williamson, carbonate of calcium, are found to be the most 
advantageous. Either of these substances is to be agitated with water and treated with 
chlorine gas : ^ 

Ca"CO» + H-'O + 01* = CO- + 2HC10 + Ca^'Cl*. 

The product of the action is to be distilled ofi^ and if necessary concentrated bv ono 
or two redistillations of the most volatile distillates. 

Aqueous hypochlorous acid has a yellowish colour, an acrid taste, and a character- 
istic sweet chloroid smell The strong acid decomposes rapidly, even when kept in 
ice. The dilute acid is more stable, but is decomposed by long boiling into chloric 
acid, water, chlorine, and oxygen. Hypochlorous acid, like chlorine, possesses powerful 
bleaching properties. Moreover, chloro-derivatives may be produced by its agency 

+ HCIO - C«H*C1 + EPO. 

Bensene. Chloro- 

benzene. 

Hydrochloric acid decomposes hypochlorous acid, with formation of chlorine : 

HCIO + HCl « H^O + Cl». 

Hypochlorous acid is a very powerful oxidising agent. It rapidly converts many of 
the elements, iodine, selenium, and arsenic, for instance, into their highest oxidef^ at 
the same time liberating chlorine. The metals ditFcr much from one another in the 
nature of their respective reactions with hypoclilorous acid. Those which decompose 
the acid form oxides, as does iron, or oxychlorides, as do copper and moreuxy. Silver, 
indeed, forms a chloride and liberates oxygen, thus : ' 

Ag* + 2nC10 « 2AgCl + H*0 + O. 

Many metallic oxides, those of manganese, cobalt, and lead, for example, are per- 
oxidised, with liberation of chlorine ; but oxide of silver is converted into chloride of 
silver, with liberation of oxygen : 

Ag*0 + 2nC10 « 2AgCl + H*0 + O*. 

Htpochlobites. — 1. Pure hypochlorites are made by neutralising hypochlorous 
acid with hydrates, such, for instance, as those of sodium, potassium, calcium, barium, 
magnesium, zinc, copper, &c. — 2. Hypochlorites are usually prepared by passing 
chlorine gas into solutions of hydrated or carbonated alkali, or over the dry hydrates 
of the earths. By this process, a chloride and a hypochlorite are simultaneously pro- 
duced. The reaction is believed to be as follows : 

2CP + 2Ca'lI"02 = + Ca'TPO® + 2TPO. 

These mixed compounds constitute the bleaching and disinfecting salts of commerce, 
the properties of which were known as early as the time of Berthollet. They were 
long regarded as chlorides of the alkali- and earth-metals, and known as chlmnde of 
lime, cMoride of soda. See., till Berzelius suggested the idea that they might be mix- 
tures of metallic chlorides with alkaline chlorites (M*O.Cl'0*), Balard, in 1834, showed 
that their properties are best explained by regarding ^cm as mixtures of chlorides 
and hypochlorites. The only objections to thm view are that alcohol does not extract 
cMoride of calcium from bleaching powder, as we should a priori expect, and, unlike 
mixtur^ containing cliloride of calcium, bleaching powder is not deb'quescent. These 
anomalies may possibly be due to the formation of a double salt, containing chloride 
and hypochlorite of calcium in chemical combination with one another. 

The pure hypochlorites, when acted upon by sulphuric acid, or even by oarbonio 
acid, liberate hypochlorous acid, thus : 

Ca"a*0* + H*SO* = 2HC10 + Ca^SO*. 

The mixed salts behave in the same manner, provided the sulphuric acid ia not in 
excess ; but otherwise dilorine, and not hypochlorous acid, is evolved : 

Ca^ClW + Ca^Cl* + 2H*SO* - 2HK) + 2C1* + 2Ca''SO*. 

The sulphuric acid acts first upon the hypochlorite to liberate hypochlorous add, and 
then upon the chloride to liberate hydi^hloric acid, the co-existence of which two 
adds cannot occur, owing to their mutual decomposition into water and chlorine. 
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M ham wen. acid can liberate byp^Iorena add from tha 

paw or mtt^ aaUi^ thus : + HCl HaO + Naa ^ any excess of hydw- 

ehlone acid tmmodiat«ly rettota Qpon t<lio naacent hypochlorous add to form water and 
chlonne. Solations of the hvpocluontes, either pure or commeiciaL arc very unsUblcw 
but are rwre permit in tbe p^noe_of free alkali. They gradually giro off oxygen 
m and finnUy jrield mixing of chlonde and chlorate. Their decompoeiUon UAes 
place very dennitely at a boiliiig temperature, thus : ^ 

SCa"ClH)» - Ca'{C10*)* + aCn'Cl*. 

Of themselres they act os bleaching agents, probably by evolution of oxygon : but tha 
effects produi^ by acidifying their solutions, and thereby liberating hyiichlorous 
acid, are much more rapid. With most metallic oxides and siUta, the hytKX'hloritee 
react as does hypochlorous acid upon tlie oxides. Tliey convert oxido of silver for 
instance, into clilorido of silver, with- liberation of oxygen : ’ 

Ag-O + 2NaC10 + 11*0 2AgCl + 2Niino 0*; 

ud s^phatc of manganese into h 3 ^drated jwroxide of manganeso, with liberation of 
chlonne : 

MnSO< + 2NaC10 + H*0 - Na*SO* + MnII*6» + CiK 

The charaett^rs of the individual salts will l>o described in a distinct aitiolo (Hxpo* 
CBLOBITBS). For the valuation of hypochlorites see p. 904. 


Chlorous Anhydride^ Acid^ and Salts. 

Chlorous Anhydride. This gas, discovered byKillon (Ann, Ch, 

Phurm. xIvL 298), results trom the spontaneous decom^iosition of chlorous acid, which 
is a somewhat ill-defined and uiiMtuhle suliKtance : 

211C10* - IPO + C1*0». 

It is also produced by the reaction of chloric acid with nitrous acid or anhydride : 
2IINO* + 2HC10* « 211^0* + IPO+ CTO*. 

Instead of preformed chloric acid and nitrous acid or anliydride, n mixture of chlorate 
of nofassium, nitric acid, and arsenious anhydride is usually employed. The nitric 
aeid is first reduced by the arson ious anhydride to the state of nitrous acid, which is tha 
real deozygenant of the liberated chloric acid: 

A8*0* + 2IP(> + 2KC10* -r 2 KII»AhO* + CIO* 

The reaction is effected by the application of a very gentle heat. Tlio arsenious anhy- 
dride may be replaced by tartaric acid or other deoxidising agent. The gas must M 
coUecU‘d by displuctmient* 

CJilorous anhydride is a yellowish green gas, permanent in a freezing mixture of ice 
and salt, but liquefiable by eztremo cold. Its s|XHuf]e gravity, calculated for a conden- 
sation to 2 \o1b., is — 69'6 referred to hydrogen, and 4*123 referred to air. 

A 

At sightly elevated temperatures, 57° C. and upwards, it is decomposed, with explo- 
sion, into chlorine and oxygen. It dissolven freely in wuU;r or in solutions of the aiJut* 
line and earth-alkaline hy&ates, gradually forming chlorous acid or chlorites. 

Chlorous Acxd. HCIO*. — This acid may be x>rcpared by condensing chlonni 
Anhydride in water : 

CPO* + IPO - 2UC10». 

cx acting upon a chlorite with some diluted acid, such as aulphnrie or phoiplioric: 
Pb(C10*)* + H*SO* - 2HC10* + PbSO*. 

The acid, or ito concentrated solution, is a g^enish yellow liquid of great tinctorial 
power, and having strong bleaching and oxidising properties. It does not decompose 
carbonates, but reacts idowly with caustic nlkalis and earths to form chlorites. 

Chloritbs. MClO*. — The alkaline and earthy chlorites are fonned as shore de- 
scribed. They also result from the action of perchloric oxide on bases (p. 912b They 
are, for the most part, soluble, cry stall isabJe, colourless salts, possessed of bleaching 
proMrties. The insoluble chlorites of silver, lead, and other metals are produced by 
double decomposition ; 

AgNO» 4- KC10« - KNO» + AgCIO*. 

The chlorites are decom() 08 ed even by carbonic acid. 

For the dianictera of the individual chlorites, sec foge 914. 
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Chiorie Acid and Salts» 

Chlowo Acid. HCIO*. (Vauquelin, Ann. Cfhim. xey. 91 ; Sernllas, Ann Cli 
PhyB. [2] xlv, 204, 270.) — 1. The add is liberated from chlorates by the addition of a 
stronger acid. It is found adyantageous to use equivalent quantities of chlorate of 
hanum and sulphuric acid : 

Ba''(C10*)» + H*SO* - 2HC10* + Ba'^SO*. 

The solution of chloric acid is separated f3*om the insoluble sulphate of barium by fil- 
tration, and concentrated by eyaporation in yacuo. — 2. This acid also results from tlio 
spontaneous decomposition of solutions of hypochlorous acid, chlorous ad^ and per^ 
oxide of chlorine. 

Chloric acid is a colourless syrupy liquid, haying a strong acid reaction, and -wlicn 
warm, a pungent chloroi’d smell. It is decomposed by organic matter, with charring, 
and frequently even with ignition. It is somewhat unstable at ordinary temperatures! 
At 40® C. it undergoes marked decomposition, and at a boiling heat is rapidly con- 
yerted into perchloric acid, water, chlorine, and oxygen. It is a veiy powerful oxidis- 
ing and bleaching agent. It is decomposed by hydrochloric, siilphjdric, and sulphurous 
acids, with liberation of chlorine. 

Chlobatus. MOlO* and M"(OlO*)*. — 1. These salts may be prepared by satura- 
ting the acid with bases. Chlorate of barium is usually made by this process (p, 8S.V). 

2. Zinc, and one or two other metals, dissolve in chloric acid to form chloratrs, 
thus : 2HC1 + Zn = Zn^ClO*)* + H* ; but a part of the acid always undergoes :i 
more complex decomposition. 

8. Alkaline chlorates are produced by boiling solutions of the hypochlorites, or, 
what comes to the same thing, by passing chlorine into caustic or carbonated alkali, 
and boiling the resulting liquid: 3KC10 « KCIO* + 2KC1. The chlorate is 
aeparated from the chloride by crystallisation. 

The chlorates are chiefly interesting as sources of oxygen gas. Chlorate of potn.ssium 
and most chlorates are decomposed by heat into chloride and oxygen, thus, KCIO* — 
KCl -I- O* ; but the chlorates of the earth-metals yield oxygen, chlorine, and moUllic 
oxide: Mg"(dO*)* = MgO + CP 4 - 0®, Prior to the ultimate decomposition of clilorate 
of potassium, a portion of perchlorate is produced. The fused chlorates are powerful 
exiting agents. Mixtures of chlorate with combustible substances, such as sulplnir, 
sulphide of antimony, and sugar, explode violently on the application of heat, or l>y 
percussion. Strong sulphuric acid liberates perchloric oxide from the chlorates, and, 
by its action on mixtures of chlorate with combustible matters, frequently induces 
combustion. Nitric acid reacts with chlorate of potassium to form nitrate of potassium, 
perchlorate of potassium, and free chlorine and oxygen gases. Hydrochloric acid pri7- 
duces euchlorine, which is a gaseous mixture of chlorine and perchloric oxide. A 
mixture of chlorate of potassium and hydrochloric acid is much used for oxidising 
mineral and organic compounds. All the chlorates are soluble in water, and hcncc <lo 
not preeipitate the salts of the heavy metals. Chlorate of potassium, the most im- 
portant member of the class, is one of the least soluble. Unlike the hypochlorites aiul 
the chlorites, the chlorates do not bleach until after the addition of an add. [For the 
description of the individual salts, see pp. 885 — 890]. 


Perchloric Acid and Salta, 

Pbbchlorio Acid. HC10\ — This acidwas discovered in ISldbyCountStadion 
(Oilb. Ann. lii. 197), afterwards more particularly examined by Serullas (Ann. Cli. 
Phys. [2] xlv. 270 ; xlvi. 294, 323), and quite recently by lUjscoe*, who has obtained 
it in definite form. It is produced ; 1. By the electrolysis of chloric add. Oxygen 
and chlorine are evolved in small quantities at the positive pole, and hydrogen at tho 
negative pole ; but the g^ter part of the oxygen remains m the liquid and converts 
the chloric into perchloric add (Stadion).-— 2. By the distillation of chloric acid 
(p. BIO). -—3. By the action of sdphuric acid upon chlorate of potassium (see PbR'* 
CK 1 .OBIO Oxidb, p. 912). — 4. By toe action of certain adds upon the perchlorates. 
Thus, fluosilicic may be added to perchlorate of potassium, and the resulting insoluble 
fluosilicate of potamum filtered off from the solution of perchloric add; or sulphuric 
instead of finosilidc add may be employed, and the volatile perchloric acid distilled 
off from the sulphate of potassium. (Serullas.) 

Aqueous perchloric acid obtained by either of these methods may be concentrated 
by boiling till it attains a temperature of 203® 0., after which it passes over unchangc^l 
in the form of an oily liquid containing 70*3 per cent., HC10\ If this oily acid 1*e 

• Them retulU, not poblithed when this article was written, werekindlj communicated bf Dr. ltoi«o<?. 
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dktnied witli twice its Tolcme of etrong sulpImHo add, it girai up iti water to the 
latter, and perchloric acid pasaes orer nearly pure in the form of a yellowiah atranglj 
Anning liquid. On continuii^ the distillatioii, the oily acid aboTe*mentioned becpna 
to paw over ; but aa soon aa it cornea in contact with the more volatile portion of the 
diatilLate, the two unite into a ciystalHne maaa conaisting of a hydrate, HC10*.H*0. 
Both theee products are, however, contaminated with sulphuric acid mechanically 
carried over. To obtain the volatile liquid in a pure state, tne crystals must be rodis- 
tilled per sc. They then split up into pure perchloric acid, 11C10\ which is obtained 
as the first produce of the aist illation, and tho oily acid, which contains a larger pro- 
portion of water, and passes over afterwards. (Roscoe.) 

Pure perchloric acid, HCIO*, is a colourless very volatile liquid, having a specifio 
gravity of 1-782 at 16-6 C. Its vapour is likewise colourless and triinsparent, but on 
coming in contact with the air, it absorbs water, and forms dense white fhmos. Per- 
chloric acid in this state is one of tho most powi^rfiil oxidising agents known ; a single 
drop brought in contact with cliareoal, paper, wood, or other organic substance, imme- 
diately causes an explosive combustion, which in violence does not fall far short 
of the sudden decomposition of chloride of nitrogen. The acid unites also vety 
energetically with water, a violent hissing noise being produced. Tho greatest care 
must be taken in working with this substance, us one clrop falling on the skin produces 
cauterisation, and leaves a wmintl which does not heal for months. lake pure nitric 
acid, this acid cannot bo distilled hy itself without underp^oing decomposition, a sin- 
gular black explosive body being produced w-lien it is l)oilod. It likewise undergoes 
spontaneous decomposition at tho ordinary teinperut lire, the bulbs in which it was 
sealed exploding even when kept in the diirk. 

Tho composition of pure perchloric acid was determined by neutralising it with car- 
Ixmate of potassium, adding acetic acid to acid reaction, evaporating to dryness, throw- 
ing the perchlorate of jx)fa.H8iura on a weighed filter, washing out the soluble acetate 
w ith absolute alcohol, and determining tho composition of the jwtassium salt thus pro- 
duced. In this manner results agreeing closely with the tlicory W'cre obtained. Tiius, 
1-2185 grm. of acid gave 1*6786 of potassium salt, calculation requiring 1-6876. Of 
thisK'dt, 0*966 grin, heated with peroxide of iron lostO -l b* grm., ami the residual KCl 
rMuired 0-744 grm. pure silver for complete pneipitjition, Now 0*744 Ag is equiva- 
lent to 0*513 KCl, and by calculation 0*966 K(’lO* should yiehl 0*619 KOI. (Uoscoe.) 

The Hydrate^ HC10Ml'**0 (containing 84*81 per cent. JICIO*), »» obtiuiiod in tho 
pure state by adding water to the pure acid If CIO*. It is a white, solid, crystaUino 
substance, which melts at 60® C., and undergoes decomposition when heated to 110®, 
splitting up into tho pure acid and an aqueous oily acid. Its com|r> 08 ition was deter- 
mined by the mothou adopted in the case of the pure acid. Tho specific gravity of 
the liquid hydrate at 60® C. is Although not so violent in its Jiction on organic 

matter as the pure acid, tho fused hydrate when brought into contact with paper or 
wood, induces immediate combustion, and when droppc’d into water, combines therewith 


making a hissing noise. 

When it is distilled, the temperature is found to rise gradually to 203® C., at which 
point it remains constant, a heavy oily liquid then passing over, which in outward ap- 
pearance cannot be distinguished from Hul|»huric acid. This acid contains 72* 1 por 
cent of HCIO*, and does not therefore eoiT<*si>ond to any dc flnit4‘ hydrate, HCIO*. 211*0 
requiring 73-6 per cent HCIO*, and ifC10*,3H*0, requiring 66 06 per cent. HCIO*. 
If aqueous perchloric acid be concent rated by boiling, water goes ofl^ and the ti*mpern- 
turo rises to 200® C., when the acid is likewise found to contain 72*1 per cent, of 
HCIO*. Hence an aqueous acid loses water, and the crystallised hydrate loses p<*r- 
chloric acid on boiling under tho ortlinarr atmospheric pw^ssurc, until both arrive at a 
point when no further change takes place, and an ncid containing 72*1 per cent. 
HCIO* passes off unchanged. (Roscoe.) , 

Aqueous perchloric acid reddens litmus stronj^ly, but does not bleach. It dissolve 
sine and iron, with evolution of hydrogen, forming j^rchlorates. When dilute, it ts 
unaffected by solphydric and sulphurous acids, which reduce all other oxacids of 
chlorine. , 

Pbrch non STBS. — These salts are produced : 1, By the reaction ofp^hlonc acid 
with metals, oxides, sulphides, orcarbonat^ss, or of perchlorate of banum with sulpha te% 
thus: 

2HCIO* + Bi”n*0* « Iki'XCIO*)* + 2IHO 
Ba"(C10*)* + Na*.SO* =» 2NuClO* + Bh"HO*. 

2. By the decomposition of chlorates. Daring the decomposition of chlorate of pofas- 
Btum by hc!at,and after a considcralde evolution of oxygen has taken place, the preriouslir 
fiised salt is observed to assume a pasty condition, and if the heat be then discontinue^k 
tlie Midue will be found to consist principally of perchlorate and chloride of potassium^ 
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i^ch two Balts may be sepalnted from one another by solution and mystaUisation, 
perchlorate being much the less soluble: 

2Ii:C10> « KCIO^ + KCl + 0*. 

Or, the chlorate of potassium may be decomposed by nitric acid : 

3KC10* + 2HN0» - Kao* + 2KN0^ + H*0 + CP + 

and the resulting nitrate and perchlorate of potassium separated by crystallLsatinn. 

^Perchlorate of potassium is sparingly soluble in cold water; but^he perch loratog 
in general are soluble, crystalline, deliquescent salts.' They deflagrate, though 
Tiolently than the chlorates, when thrown on ignited charcoal. They require a stron^t r 
heat than do the chlorates to effect their decomposition into chloride and oxygen. Kuh 
phone acid liberates perchloric acid from the perchlorates, but not until the tempeni- 
ture rises to 100*^ C. : other acids liberate perchloric aicid, only when they form insolulile 
salts with the bases of the perchlorates. Hence, unlike chlorates, the perchlorates do 
not assume a yellow colour when acted upon by sulphuric or hydrochloric acid. [For 
the description of the individual salts, see Peuchloratus.] 

Perchloric Oxide and Euchlorine. 

Fbbcbloric Oxide. CPO^ — This veiyaxplosive compound, which was discovered 
by Count Stadion {loc. cit), may be prepared by the action of strong sulphuric acid 
upou chlorate of potassium, whereby perchlorate of potassium, acid sidphate of potas- 
sium, water, and perchloric oxide are produced : 

3KC10* + 2B*SO* * KCIO* + 2K:HS0« + H*0 + C1®0«. 

The chlorate should be purified by recrystallisation, fused after drying, at the lowest 
ade<^uato temperature, and then finely pulverised. The powder must be added little 
by little to sulphuric acid, made cool by a mixture of ice and salt, until a pasty ma.'-!} 
is produced. This is to be set aside for some time, and afterwards, by means of a wat er- 
bath, to be very gently heated in a retort The evolved gaseous perchloric oxide must 
be collected by downward displacement Calvert has shown that perchloric oxide, 
mixed with carbonic acid, may be readily obtained by heating finely powdered chlorate 
of potassium with crystallised oxalic acid to a temperature of 70® C. (p. 888). 

Perchloric oxide is a gas of a bright yellow colour, and sweet aromatic smell. At tho 
low temperalure produced by a mixture of salt and ice, it is condensed into a yellowish 
highly explosive liquid. Faraday succeeded in solidifying it by means of the intense 
cold produced by tho evaporation of sobd carbonic acid and ether. In daylight the 
gas undergoes spontaneous decomposition into chlorine and oxygen. This decompo- 
sition is frequently, and, when induced by elevation of temperature, almost invariably, 
attended by a violent explosion. The contact of highly combustible matters also 
determines an explosion. Liquid perchloric oxide unites with water at a tempcni- 
ture of 0® C., to form a solid hydrate. At ordinary temperatures, water dissolves several 
times its volume of the gas. The solution has a yellow colour, is devoid of acid re- 
action, bleaches powerfufly, and is very unstable, being decomposed into chloric acid, 
ohlorouB acid, and other products. Perchloric oxide is absorbed by alkaline solutions, 
with formation of chlorate and chlorite : 

2 KHO + ow* « Kao* + Kao* + H*0. 

The molecule of perchloric oxide C1*0\ like the molecule of chlorine a* seems to be 
binary or dyadic, and to halve itself in the act of combination. In this manner, the 
correlations of chlorite and chlorate would correspond with those of chloride aud hy- 
pochlorite, thus : 

Chloride Hypochlorite ^|o. Chlorite Chlorate 

£voKLOBi 2 rB.->When chlorate of potassium is acted upon by hydrochloric acid, a 
bright yellow gas, called euehlorine, is liberated. This gas contains chlorine and oj^* 
gen in the same proportions as hypochlorous anhydride, a*0, but despite its uniformity 
of composition, it is evidently a mixture, probably of chlorine and perdiloric oxide. 
The following equation is believed to express its formation correctly : 

4Kao* -I- i2Ha - 4KCI + 6H*o -i- (9C1 + sao*). 

This mixed gas has a sweet aromatic smell, and powerfid bleaching properties. By 
passing it through a U-tube immersed in a mixture of salt and ice, the perchloric oxide 
18 separated in the liquid state from the firee uncondensed chlorine. According to 
2^on, the lupoid perchloric oxide obtained by cooling enchlorine, differs from the 
liquid perchloric oxide obtained by means of sulphuric acid and chlorate of potassiutn, 
ill its somewhat greater stability, in its somewhat higher boiling pointy and in the 
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tht^ ^though, like the normal compound, it is decomposed hy slkslie 
into chlorate and chlorite, yet that, unlike the normal compound, it yields two equi- 
Talents of the former for one of the latter salt. Hence Millon asaijrns to it the formula 
CIH)«; 

C1*0» + 6KHO * 3H*0 + 4KCIO* + 2KC10* 

but these differences may probablv be due to differencos in the purity of these two 
bodies. Moroovw, perchloric oxide is a very difficult subject to investigate, and the 
descriptions of different expt»riinontuliBta vary considerably from one another. fSoe 
GinelifCs Handbook^ ii. 304, 310.) 0^ 

SUSiVBZXIIU or. Two only of these com[H>unds are known in the 
firee stato, vix, SCI and SCI** The former is ana logons in composition to hy|x>ehloroua 
anhydride, CIO, but exhibits no analogy whatever to that compound in its j>i’operties. 
It is doubtful indeed whether the sulphur or the chlorine in Muse coniixmiuls is the 
native element ; but they are usually regonled as ch/ariUtu vf tndphur; and as such 
will be more fully considered. (.See Sri.rura.) 

Similar observations apply to the com].tound8 of chlorine ajid selenium. 

CBKMBZOBOrOBM. Dichforhuiiid IvduU of (MICl^I. (fierullas, 

Ann. Ch. Phys. [2] xxv. 314 ; xxxix. 22d:^]U:it8clierIich, I'ogg. Ann. xi. 104. 

Bouchardat, Ann. Ch. Pljurm. xxii. 2229.— -Oiii. vii. 337). This eom|H)umi was dis- 
covertxl by Sortill^ in 1821, but its composition was tlrst citrrectly aNtH*rt>iiiied by 
B<^uchardat. It is obtained by dtsfilJing iodoform with an 4'<}ual weight of pentu- 
chlorido of phosphorus or mercuric chloride. The iiiaU*rialH are intimately mix(al. and 
distilled ill a retort; the dark red distillate is decolori-'^ed with arjueous |M»tash, than 
shaken up with strong sulphuric aci<l, to free it from chloriilc of ethylene, afterwards 
separated from the Bulpluirit? acid by a tup-fiiiuicl, and puriiicd by ivctitlcatiou. 

Chloriodoforni is a truiLspanuit pale yellow Tnpiid of specitic gravity 1 Dti, having nil 
nruniatic odour and saccharine taste, and becoming rohc-eolouretl by ex{M>sitre to the 
air. It remains fluid at the lowest temperatures, and is not d»*com posed by distillation. 
It is but sparinj^ly soluble in wattT. Heated with sti*ong tupn^ous potash, or witli 
alcoholic potash, it yields formats, chloride, and iodide of potassium : 

CIICPI + 2K*0 » CHKO* + 2Kt'l + KI. 

In contact with chlorine gas, it solidifies and yields trichloride of iodine. 

CKZiORZaA.MIZO AOZ2» and OBZiOmUAMZBlI. See Jsamic Acid and Isa- 

MIllR, 

OB&OBZflATZO ACZO. Kee Isatic Acid. 

CBXiOBZSATTBB and CBZiOBZSATTBZO ACZ2>. See Isatydr ami Isa. 
TIC Aciu. 

OB&OBZSATZB. Sec Isatin. 

CBZiOBZSATOSZrZiPBZTBS. See Isato.st;li' 1 Ijti:.s. 

CBZliOBZTS. IjeuchitnUrffiie, Prnnin *\ — This name is apidied b> ecrlain sili- 
cates of magnesia and alumina occurring in platonic formatifins, anti forming the cha- 
racteristic ingredients of chlorite slate. It forriierlj^ includeil ripidolibiand elinochlore, 
and is still applied to at least two minerals, diflering in crystalline form, and soiiie- 
what also in cliemical composition. Chlorite from Achmafowsk in the Ural is mono* 
clinic; but the variety called Pninhif^ from /crriiaftin the Valais, is hexagonal, generally 
forming six-sidod tables with perp^mdicuhir edg«*», oJ* . cc P, or with ix*%*elied ml^es, 
oP . P, where P denotes a six-sided pyramid with liasul edges of 100*^ 60' anil pyramidtil 
lodges of 132° 40' ; also with other faces suliordiiiate. Ch^avage p»Tfi*eC parHifel to ilm 
base, ^ The crystals are sometimes imbedded singly, but more fnquently grrmped in 
spherical, conical, or Tcnniform masses; also in minute seah^s, forming adej>osit on othi'T 
minerals. S{^ific gravity 2*66 to 2’S6. IlariliK'ss 2'(> to 2*6. Flexible in thin Jiiiiiime, 
but not elastic. Colour various shades of green, from leek to blackish green. Small 
crystals are dichromatic, appearing red when viewed in a direction perpendicular to 
the vertical axis. Lustre nacreous on the basal faces, vitreous to waxy on the 
others. Tnuiaparent in thin lamina;, but generally translucent, and transioirent on 
the edges only. 

All varieties of chlorite give off water when healcKl in a tube, and melt with difficulty 
before the blowp^ie to a black slag, sometimes magnetic. The mineral gives wit h fluxes 
the teaetiona oi uxm, more rarely that of chromium, and is perfectly (tccom|*fwible by 
aulphurie acid. 

tee aaveral varieties of chlorite exhibit considerable diversity of composition; tho 
•■mtial eosatittteDta are silica^ alumina, magnesia, and water, the iduinina, however^ 
beuig often nuffe or less rcplao^ by ferric oxide and the magn^ia by ferrous oxide. 
The Allowing are analysiw : 1 . Varrentrapp (Pogg. Ann. xlviii. 196).*— 2 . Kobell 

T<mu I. 3 N 
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(J. w. Chem. xvi. 470):— 3. Briiel (Pogff, Ann. 
[3] IX. 396). — 6. Marignac {ibid, x. 430). 

13).— 9. Schweizer (Pogg. Ann. 1. 626).— 10, 


xlviiL)— 4. Doleflge(Anii.Cli,Phy8. 
—7, 8. Hermann (J. pr. Chem. ii. 
11. Marignac {loc, cit,) 


I. Aehmfttowtk 

3. Schwanmstein 

8. Ztllerthal . 

4. Pyrenees 

ft. Ala (Piedmont) 

6. Slatouit (Ural) 

7. „ vhUit 

M. 1.euehtfnbergite 

9. Zermatt (PennAu 

*t M 

II. Binnen 


SiOt 

A1S0» 

MrO 

FeaO» 

Fe"0 

Mn*^0 

H20 

80*38 

16*<)6 

33 97 

■ 

4-87 



13*63 s 98-31 

33*68 

14-.17 

83*11 


6*97 

0-^8 

13*10 insnl. 1-02 a 99*73 

81*47 

16*67 

33 56 

■— 

ft-97 

0*01 

12*42 as 99-11 

83*1 

18*6 

367 


0-6 


13 1 bbIOO 

8001 

to* 11 

88*) ft 

4-81 

.... 


12-53 = 99-60 

8oav 

19*8b 

83*13 

4*42 

_ 


12-54 sslOO-35 

80*80 

17-27 

87*07 

1*37 



I2*.30 S3 98 83 

83'.Sft 

18 00 

3229 

4-37 



12-50 = 99-51 

33*07 

9-69 

32-34 



11 36 


12-.\8 a 99*08 

3.3 36 

13*24 

84 21 

S*93 

.1^ 


12-80 CreO® 0*20 = 99-71 

38*05 

13 46 

33*71 

6 12 

— 


12-52 w 0 24 =3 100 


These numbers may be approximately represented by the formula 2(3M"0.8i0*) + 
Al*0*.SiO* + 4aq., which, if M denotes magnesium, requires 30*82 SiO*, 17*14 APO*, 
40*03 Mgf'O, and 12*01 water. If alumina bo represented as a monoxide (by substitu-’ 


tion of JAl), the preceding formula maybe reduced to the form M"0.fesi0* 
+ Jaq. Besides the above localities, chlorite is found on the Col de Pertuis, in the 
Vosges, and in various parts of the Eastern United States. (Dana, ii. 294 ; Ramvieh- 
her^a MineralchemU^ p. 634 ; Handw. d. Chem. 2^* Au6. [2 ] 1106.) 

CHLOBrn Earth is earthy chlor^ in the older sense of the word, without reganl 
to the distinction between qldorite and ripidolite, because in the earthy state the two 
minerals can scarcely be ^stinguished. 

Chuorttb FBRRi’oiNtfus. Ddtssite. — This mineral occurs in the amygdaloidal por- 
phyry of Oberstein and Zwickau. It is massive, with short fibrous or scaly feafhorv 
texture. Specidc gravity 2*89. Hardness 2*6. Colour oil re-green to blackish-gn-cn. 
According to Delesse (Ann. Min. [4] xvi. 520)it contains 29*46 per cent. 810- 18-2r) 
APO», 8*17 Fe’^O*. 15;12 Fe 'O, 16*32 Mg"0, 0*45 Ca^'O, and 12*57 water (= 99 33), 
which may be approximately represented by the general formubi 2(2M"O.M^O*.2Si()-) 
+ 6aq. Grengesite, from Greiigt'sberg in Dalccarlia, containing, according to Hisingcr, 
27‘01 SiO*, 14*31 AlW, 2*18 Mn-C)\ 25*63 FeO, 14*31 MgO, and 12*53 water, appears 
to be related to it. (Dana, ii. 296 ; Rammelsherg^s MimroJlch^mie, 640.) 

Chmbitk Siate.— This name is applied to chlorite occurring in mountain masses, 
including, however, those which are made up in like manner of ripidolite. 

Chlobxtb-Sfar. See Culobitoide. 


OK&O&ZraS. MC10» and M"(C10*)*. (Millon, Ann. Ch. Phys. [3] vii. 29S; 
Ann. Ch. Pharm. xlvi. 281.) — Salts of chlorous acid. Their gonenil properties are 
described, together with those of the acid, at pago 910. Only a few of them have 
been studied individually. 

Chlorite or Barium. Ba^'(ClO®)*. — Obtained by saturating chlorous acid with 
baryta. By quickly evaporating the solution and finishing the evaporation in vacuo, 
it may bo obtained crystiillised and free from chlorite. It dissolves readily in water, 
and decomposes at 235^ C. 

Chlorite ofLeau, Pb^ClO*)*, is prepared by adding nitrate of lead to chlorous 
acid nearly neutralised with Ume or baryta, washing the sulphur-yellow scaly precipitate 
thereby produced, and diyii^ it. If the solution be warmed before adding the nitrate 
of lead, the chlorite of lead is deposited in larger crystalline scales. The salt decom- 
poses with a kind of explosion at 126° C. (Millon), at 100° (Schiel, Ann. Ch. Pharm. 
cix. 317). It sets fire to fiowers of sulphur when triturated therewith (M illon) ; when 
rather large quantities of the salt are mixed with sulphur or a sulphide of an electro 
negative metal, the mixture takes fire spontaneously after some time (Schiel). Chlo- 
rite of lead introduced into sulphydnc acid gas blackens at first, but afterwardi 
turns white, from formation of sulphate of lead. With a mixture of equal parts of 
strong sulphuric acid and water, it evolves pure chlorous anhydride (CLHP), especially 
between 40° and 60° C., and yields 88*76 per cent of sulphate of lead. (Millon.) 

The mother-liquor filter^ from the precipitate of emorite of lead in the abovt- 
described m^e of preparation, deposits on the sides of the vessels, small sparingly so* 
luble ^yellowish crystal which appear to be a compound of chlorite and chloride of lead. 

Chlorite of PoTAsstuit. KCIO*. — Potash-ley, mixed with excess of chlorous 
acid;: forms a deep red liquid, which, when concentrated, gives off chlorous anhydride, 
and leaves neutral chlorite of potassium in the form of a very deliquescent salt Ift 
the oontraiy, chldrivus acid be gradually added to an excess of hydnte of potassium, the 
fonnation dl the neutral salt takes a longer time, and even after the liquid has become 
^lourless, the presence of free chlorous acid may be detected by its power of convert- 
ing pitrate of lead into the peroxide. The saline sulution must be quickly evaporateo* 
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otliennse the chlorite of potassium will be completely resolrccl into chloride and 
chlorate. The same decomposition takes place if it bo hcateil to LdO^ C. (Millon.) 


deposits 

yellow crystalline scales. At 105® C. it decom}x>scs with explosion. A mixturt’t of it 
with sulphur takes fire when trituratod witli a glass r»ul. In pivparing the salt, an 
excess of chlorous acid must be uA-oided, as it would thereby be quickly resolred into 
chlorate and chloride. (M illon.) 

Chi.oritbofSodium. N aClO* — Deliquescent Resembles the i>otassium>salt» 
but is not decomposed by a heat below 250® C. (Millon.) 

Ghlobitb or Strontium. Sp"(C 10*)* — Doliquescont. Decomposes at 208® 0. 

(Millon.) ^ 

OSIbOSlTOXSa* Chlorite Spar, Barytoph^Uite^ Mosonitt ', — A coarst'Iy foliated 
massiTe silicate of alumina and iron found at KosoibriKl in the irral, Brt'gratfen in the 
T^yrol, and Gummuch-dagh in Asia Minor. Its specific gruA'ity is :P557 : InunlnoNs 5'5 
to 6; colour dark grey or greenish black; lustra faint an<l pcurly. Gives off water 
when heated in a tube, is infusible before the l>lowpijM\ but booumos darker and mag- 
netic. It dissolves completely in sulplmric acid. 

Allied to chloritoide are: %fa^onitf\ from Rhode iHbind, wliieh fust^ with diflfleulty 
to a dark green enamel, and SisnumtlitUt a dark 'greyish or bliu’kish green mineral of 
specific gravity 3 ’565 and hardness 5*5. Nearly infusible before the blowpipe, oceuiv 
ing in the chlorite slate of St. Marcel. 

Analysis: ClUoriiotde, — 1. O. Krdmann (J. t>r. Chem. vi. 80). — 2. Ronsdorff 
(Berz. Jahresbor. xviii. 233). — 3, Hermann (J. pr. Chera. liii. 13). — 4. Smith 
(Ann. Min. [4] XA'iii. 300). — 5. Kobell ( J. pr. Chem. Iviii, 40. hToBonitr^ Whitney, 
(Proc. Boston Soc. Nat. Hist. 1849, p. 100). Siemondinr^ Delesso (Ann. Cb. Phym. 
[3] ix. 385). 

Si09 

Ckioriialde 

1. Koiiolbrod * 34*90 

2. „ . «7*4« 

3. „ . 24 54 

4 Gummuch-dagh 23*7h 
ft. BregriUteu . 2^i*l9 

MtmmUe . . Sh*27 

Sittnutidine • 34* 1 

Among these analyses Nos. 3 and 5 of ehloritoide im> the only ones in wliieli the tle- 
gree of oxidation of the iron appears to have Iwen correctly <b'1eritiiiied ; tln'se nfrreo 
approximately with the formula (2M '(>.SiO ').(M*X)*.»Si(>*; + 2aq., which, by substitu- 
ting di- for tri-equivaleiit motHls, may bo rr^luoed to M" 0 . 2 (]k*Si 0 *.a^ 2 .), {^Bammelt- 
herg^M Minendchemie^ p. 864; Dana, ii. 208.) 

Syn. with Chlorxdb of Bbnzoyl. (See Bbnzotl, 

Chxxabipb or, p. 666.) 

EZ2MB« See Bbn'zamidr (p. 640). 

See Bknzbnk (p. 643), 

Syn. with Tuieifi.ononKNzr.vR. (See Brnzknr, p. 643). 

CK&OMOBnr2;Z&« C'lP'CUP. (CalMiiirs, Ann. Ch. Phyn. Nijxxiii. 360.]t 
— Formed by the action of pentaeblori Je of phosphorus on lamzilic acid: the product 
is distilled, and the portion which comes over at>r>vu 260® C. wuslied, drunl, and rec- 
tified. It is a colourless, strongly-smelling oil, licavier Ilian water; l>oiJs at about 270®. 
By exposure to moist air, or by the action of hot slrong potnsh, it is (quickly decom- 
ride and benzilatc. With ammonia and phenylamine, it yiebbi eryslal- 
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Cblobxdb of, p. 577.) 


664). 


iXO AOZ2>. See Bxifzuic Acin. 

Syn. with Cuiairiob or Bbmzyi.rnr. 


F. T. C. 


(See BknzymvNb, 


See BENZuTtiTJtiLB (p. 663). 

See Brnzoic £!thxrs under Bknzok; Aoin (p. 


»B OB. Bee Benzoyl, Ctti-oaiDR or (p. 66). 
C*H*0lN*O*.— A product obtained by tlio incomplete 
aetioa of chlorine on caffeine snspended in water (p. 708). When purified by three 
or four crystaUiaations from water, it forms a light bulky mass. From alcohol » ms- 
in needlesi. Br the oontinned action of chlorine, it is resolved into chlotide 
- 3 N 2 
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of cyanogen, methylamine, and amalic acid. (BoChlador, Wien Akad. Bep. I85fl 
a* fi®*) 

OBliOROCAMVBSra* See Cajbiphenb (p. 724). 

0B&0B0CBBB0«BT»08inbranmZC ACSQt. ' Syn. -with Tbiohlobo- 

MBTHYLSULPHUBOUS AciD. (ScO MeTHTL.) 

CB&OBOOABBOBZC ACZB. Syn. with OxTOEXOBiDB OP Cabdon, Chioridb 
< nr Cabbontx, or Phosgbne (p. 774), 

CBXiOBOCABaOBZO BTBBBS. Compounds produced by the action of chlo- 
ride of capbonyl on the alcohols. They may 1^ regarded as compounds of carbonic 
anhydride witn the chlorides of the alcono^radiclCs, or bodies formed on the mixed 
type HHO.HCl, in which 2 at. of hydrogen are replaced by carbonyL CO, and the 
thurd by an alcohol-radicle, R; 

co*jia - 

Their formation is represented by the equation : 

CO-jgl + Bjo _ HCl + COOjCl 

Chlobooabbonatb op Mbthtl. C*H*C10* - |o^- (Dumas and 

P41igot, Ann. Ch. Phys. Iviii. 52.)— Obtained by introducing wood-spirit into a large 
flask filled with phosgene-gas : ^ « 

CH*.H.O + COOP = HCl + C»H*C10». 


Colourless, very fluid oil, heavier and more volatile than water ; has a penetrating 
odour ; bums with a green flame. Gaseous ammonia converts it into carbamate of 
methyl (urethylane) : 

CO».CH*Cl + NH* - + HCl 

Chlobocaubonate OF Ethyl, C*n*C10^ (Dumas and P41i got, Ann. Ch. 
Phys. liv. 226. — Cloez, ibid. [3] xvii. 303. — C ah ours, ibid. [3] xix. 346.) — Pr»?parod 
like the preceding ; also by the mutual action of alcohol and percbloroformic ether, or 
perchlonnated oxalate of methyl; 

C»C1«0^ + 2C^H«0 - C’IPCIO* + C*H»C1»0» + 2HC1. 

Perchloro- Alcohol. Chlorocar- Trlchlor.’ice- 

formate of bonate of tate of 

ethyl. ethyl. ethyl. 

C^CTO* + 4C*H«0 « 2C»H»C10« + C«H>®0* + 4HC1. 

Ferchlor- Alcohol. Chlorocar- Oxalate of 

oxalate of bemateof ethyl. 

methyl. ethyl. 

Colourless liquid, very mobile, having a sufTocating odour which irritates the eyes. 
Perfectly neutral to test-paper. Specific gravity 1*139 at t5®C. Vapour-deasi ty 
8*823. Boils at 94® C. Very inflammable. Bums with a green flame. Decomptised 
by hot water, not by cold. Ammonia converts it rapidly into chloride ammonium 
and carbamate of ethyl. ' 

Chlobocabbonatb of Amtl, C*II**C10* appears to be formed by the action 
of phosgene gas on amylic alcohol, but is immediately decomposed by moisture and 
converted into carbonate of amyl. ' 

Ofl&OBOOBBOTZO ACZB. See Cerotio Acid (p. 887). 

OB&OBOOZBWAiac ACZB. See Cinbahic Acid. 

OaiiOROGZBBOBA Hydride of TETBACHLOROciNMAinrL, (See Cinnamtl.) 

OB&OBOCBXiOBZC AOZB. C1«0'* (?) A compound obtained, according to 
Millon, (Ann. Ch. Phys. [3] vii. 298) by passiug euehlorme (p. 913) through a st^ricn 
of U-tnbes cooled by fi^ezing mixtures, the first to 0® C., the otners to 18®. Hydro- 
chloric acid then condenses in the first, and chlorochloric acid in, the rest, while free 
qblorine empes at the end. Chlorochloric acid thus obtained, is a yellowish-red liquid, 
whi^ boils at 32® C., and is converted into a yellow gas, which d^mposes with ex- 
plosion at 70°. With caustic potash, it yields a mixtiure of 2 at. chlorate and 1 at. 
chlorite of potaerium, whence its composition is inffnicd ; 

* C1*0»« + - 4KC10*^+ 2KC10*. 

Chlorochloric arid resembleti jjerchloric eptide, GICP, in most of its properties, and ap- 
proaches very neatly to it in composition (6010* » C1*0”); indeed it m most probably 
nqthiDg^ but perchloric oxide mixra %ith ekcciB cf e|do^€ (see 913). 
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CS&ASOOOmDno Aoni. Sm Cmaniia AaoL 
cv&osocptnMunra. s«e Cuksmx. 

C^a^mOCTOKXM Oa, Sm Cuionox.. 

Ctakamiml 

cnuBiO Aocnr Ate iuiia« s 

cnnOBOBAACOwasiC aoxb. Sjd. with OicLojiAifisio Acid. (See Amio 
A<!n>.) 

OS&OVtonXAOOJm. When chlorine is passed into oil of tarragon, a yiseid 
oily liquid is founds called eklarid^ of draconyh conUining 30*0 per e«nt« G and 3*6 II, 
answering approximately to the formula C**H**C1*0.C1* ; and this, when treated wit h 
alcoholic potash, yields auothar viscid oil» cA/orodrocony/, oontaijiing 42*d C and 3*4 H ; 
|) 08 sibly ohlorido of draconyl minus the elements of water. (Laurent,*RoVi adenU 
X. 6, — 'Gerh. iii. 355.) 

CB&OmfBarAXrrSZO Aozn. Sec fENANrnio Acid. 

CB&OltOFOBM* Dichlorimitidchiorkhof mUhyl, JVn'MoHdr o/fortnyi. CHCJ*. 
j^nubeiraii, Ann. Ch. Phya [2] xlviii. 131. — Soubciran ami Mia Jh^ Ann. Oh. 
IMiarm. IxxL 225. — Liebig, torn* i. 198; Dumas, Ann. Gh. Phys. [2] Ivi. 115.— 
Kegnault^ ihtd, Ixxi. 677. — Om. vii. 342.) — Chloroform w'as discovowHi in 1831 by 
8oul>eiran. who called it Kfhtr hichloriqur^ and independently in 1H32 by Liebig, who 
ii*gimled it as a chloride of carbon : its true constitution was discovt'rt^d by Dumas in 
1834. llut man (J. Chim. m5cL [3] iv. 476) states, on tlio authority of Porta's Magia 
titUuralM and Scott’s Letttrs on Vt^monoUgg and Witchcraft^ that it was known in 
former times, and used as a means of producing iiiseiisiliility. 

Formation and Vn^taration . — 1. Chloroform is prt>diictHh together with mono* 
chlorinated ohlorido of methyl, CIPCT, when a mixture of chlorine and gaseous chlo* 
ritle of methyl is exjwBed to the sun’a rays. If tho two gases be made to pass 
eoiif iimously into a vessel exjjosed to tho sun and connected with a M(>nes of cooled 
receivers, the chloroform, being (he least volatile of the pituluclH formed, condenses 
tirst., and if the current of chlorine Iw made rather strong, and the rt'Ceivers not much 
C(io| <h the pro<luct consists almost wholly of chloroform. 

2. Dy tho action of alkalis on chloral : 

CTIC1*0 + KUO - cnci* + CIIKO*. 

Chloral. Chloro- Fortnit(» of 

form. 

Chloral is distilled with excess of aqueous potash, soda or baryta, or with milk of 
lime, and the oily distillato is repeatedly agitated with wabT, separated from tho w’liter 
as completely aa pcwsihle by decantation, and distilled witli 6 or 8 times its volume of 
strong sulphuric add in ^ perfectly dry appiiratus. (Li e b i g. ) 

3. By the action of nascent hydrogen upon tetrachloride of carbon. (Gout her, 
p. 765.) 

4. By boiling trichloncetic acid with nqueons alkalis : 

C*HCI*0» + K»0 - ClICl* + K*CO» 

5. By ths gl^n of hypochlorites, or of chlorine, in preKcnce of alkalis on various 

organic substoilioss,’ viz. : <f. On methyl ic, etliylic, and arnylic alcohols, perhaps also on 
all alcohols of series With common alcohol and hypochlorite of calcium 

the princ^pil reaction appears to be : 

2C’H*0 + 5Ca"Cl*0» = 2CHC1* + 2Ca"CO» + 2CV'('1» -f Ca"H*0» + 4H*0; 


but other piquets are likewise forme*!, and clih>riTio is set free.— 5. On acetic acid 
and acetatos ; probably thus ; 

2C*H<0» 4- 3Ca"Cl*0* « 2CIICP + 2(:a"GO» 4- fV IPO* 4^ 2IPO. 


c. On acetone.—^. On ethylsulphate or ethyltArtrato of calcium.— s. On oil of tur- 
pentine and its isomers, the oils of lemon, bergamot, copaiba, v* . • 

The most economical method of preparing chloroform, and that wbwh w alwa;^ 
adopted on the manufacturing scale, is tho distilhition of alcohol chlonue oC 
lime. The proportions used are about 6 pta. chloride of lime diffh^ through 30 pts. 
water, and 1 pt alcohol of 330 BeaumA The addition of slaked Ume is alw advan- 
tageous, as it absorbs the chlorine, which would otherwise bo set free, and tlMflrehy 
diminishes the quantity of secondaiy products. The following mo^e of preparation on 
the large scale is given by Kessler (J, Pharm. f3] xiii. 162). ‘ 1 1 ^ 

The apparatus consists of a large leaden cylinder, the sides of wjjich are soldered 
with leai Through the middle of thp uoper end pas«*s a vertical rod, prorided 
at the bottom wiSi fans, and ok the top with g curved handle, its lower exti^ity 
turning on a pivdt in the base cylinder. By this arrangement. th# mixture 

3 H 3 " 
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may be etirrcd up during the operation, and the heat thereby equally dlifrsed. Jn 
the upper end of the cylinder there is also a wider aperture, which can be closed at 
pleasure, and through which the materials are introduced ; through a third apertai^ is 
insei^d the delirery-tube by which the chloroform yapour is conyeyed to the con. 
densing apparatus. Opposite to this tube there passes, through the upper base of the 
cylinder, a leaden tube, widened above like a funnel, and reaching just below tlie 
surface of the liquid. Into this funnel-tube, at some distance below the funnel, is in. 
eerted a steam-pipe, serving to convey steam from a boiler to the inside of the Ainnel- 
tube ; and above the point of insertion of the steam-pipe, the funnel-tube is funiislied 
with a cock, which, when open, allows the steam to pass upwards to the funnel-tube, 
and when shut directs it into the mixture in the cylinder. This cock serves to regu- 
late the supply of vapour, and thereby regulates the heat. The chloroform vapour 
passes upwards throiigh a worm-tube, enclosed in a condensing vessel, to a cooknl 
woulfe’s apparatus, the last bottle but one of which is half filled with alcohol, and the 
last with cotton saturated with alcohol. A close-shutting wooden cask may be us^d 
instead of the leaden cylinder. 40 kilogrammes (88 '8 lbs.) of the strongest chloride 
of lime are introduced into the cylinder by means of a four-cornered wooden funnel 
adapted to its widest aperture, and provided, near its lower extremity, with two liori- 
Eontal rollers pressing against each other, as in a rolling-mill ; these, when turned 
by their handles, sers-'e to drive the chloride of lime quickly into the cylinder, 4 kilo- 
grammes (8*8 lbs.) of slaked lime are next introduced in the same manner, and then a 
hectolitre of water (22 gallons) at a temperature of 80° to 90° C., is poured in. The 
apparatus is now thoroughly luted, and the contents are well mixed by turning tlie 
fans. 4 kilogrammes of commercial alcohol are then poured in, together witli the 
residues of former operations. If the distillation of the chloroform does not imme- 
diately begin, steam is admitted from the boiler, and stopped as soon as the distillation 
is fairly sot up. If the evolution of vapour becomes too rapid, cold water is poured in 
through the funnel-tube. When the reaction is comph^te, steam is again adinitfrd 
into me cylinder, and the contents, which are now lieiited to 100°, frequently stirred. 
After 3 litres (6^ pints) have been distilled otf, the n'sidue contains scarcely anychloro- 
form or alcohol, The contents of the cylinder are discharged by an opening in the bottom, 
the liquid portion drawn off, and used in the next optTation. The alcohol in tlie lust 
two Woulfe’s bottles likewise servo.s for the following preparations, and tlio procc.s-i 
may be repeated three or four times in a day. 1 kilogramme of chloride of lime yields 
from 60 to 80 grammes of pure chloroform. 

According to Simcrling (Arch. I'hann. [2] liii. 23), the largest quantity of chloro- 
form, in proportion to the alcohol used, is obtained from a mixture of 8 pts. oliloridc 
of lime, 1 pt. quicklime, 1 pt, alcohol, and 40 pts. water ; the rectified chlorofonn thus 

• produced, amounts to nearly one-third of the alcohol consumed (8 grm. chloroform 
from 25 grm. alcohol). 

The use of acetone for the preparation of chloroform is not advantageous, because 
the price of it is high, and the product tlocs not exceed one-third of the acetone used. 
This proportion was obtained by first distilling 30 grm. acetone with 150 grm. chloride 
of lime mixed with water, and rectifying thb Eatery distillate with 40 grm. chloride of 
lime. Chloroform obtained from wood-spirit has an empyreumatio odour, and always 
blackens when agitated with sulphuric acid. The largest product was 6 grm. chloro- 
form from 60 grm. wood-spirit. 

^ ' j^ For other methods see Ann. Ch. Pharm. xix. Handhook^ yii. 344. 

Chloroform may be contaminated with alcohol, ether, and empyreumatic oils. Ac- 
cording to Soubeiran, pure chloroform sinks in a mixture of equal parts of oil of vitriol 
and water. ^ According to Kessler, chloroform containing alcohol diminishes in volume 
on the application of this test. The presence of alcohol causes opalescence when the 
chloroform is mixed with water, whereas pure chloroform remains clear (Mialhe, 
J. Chim. m^. [3] iv. 279). ^ Chloroform containing idcohol acquires a green colour 
when mixed with chromic acid or with sulphuric acid and acid chromate of potassium ; 
pure chloroform produces no green colour (Cottell, J. Pharm. [3] xiii 359). Chlo- 
, roform prepared from wood-spirit is much less pure than that ootained from alcohol. 
The former is specifically lighter than the latter, hais a repulsive empyreumatic odour, 
and produces unpleasant sensations when inhaled. It is oontammatod with about 
6 per cent, of an empyreumatic oil, containing chlorine, burning with a smoky fiame, 
lifter than water, and boiling between 85° and 133° C. This oil cannot be completely 
separated by 8im|;)le rectification, but is nearly, but not qui^ destroyed by distillation 
with ^phuric acid. A similar oil, but in smaller quantity, is likewise obtains in the pre- 
paration of chlorc^rm from alcohol ; 20 kilogrammes of chlnrofi)rm from alcohol yielae<l, 
when ratified over the water-bath, only 40 grin, of residue consisting of this oil ; it i^ 
heavwr tlwp water, has an odour different from that of the oil obtained finom wood-spirit, 
and its boiling point varies from 68® to 117° C. (HoHibeiran and Mialh^). According 
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to Gregory (Proc. Hoy. Soc. Edinb. 1850, p. 891), impure eUloi^form may be recQ» 
nUed liy tlie dtsagroealde ^ioup which it leavee, after etaporation. ou a cloth whi^ 
has been moistened with it, and by the yellow or brown ctdoiir which it itnpa^a to 
pure oil of vitriol when aigitaUnl therewith. Pure chlorofonn phioed m>on oil or ritriol 
pr^uccs a contact-surface convex downwuivla ; impun^ chlortitbriu gives a plane oon- 
tact-mirfiice. According to Koussin (J. Pharm. [HJ xxxit. 208 \ the purity of chlo- 
roform may be testeil by means of dinitt'osuljtkidf of iron, tVir'*S*NH.)* (a suit obtained 
bv the action of fercic chloride or sulphate on a mixture of sulphide of umtnonium and 
nitrite of potassium). Pure chloroform shaken up with this salt, remains eolourleita ; 
but if it contains alcoliol, ether, or wood-spirit, it atHpiiri's a dark I’olour. To purify 
chloroform, Gregory agitates it and leiives it in <H>ntiu:^t willi oil of vitriol till the latter 
is no longer coloured by it, then nnnoves the chloroform, aiul nlaces it in contact with 
a snuill quantity of peroxide of manganese, to free it from siilphumuH ueid. Ai^rding 
to Abraham (IMiarm. J. Trans, x. 24), ohiorofonn thus puntled quickly deeomtxises, 
and is afterwards found to contain hydr«H'liloric aciil iiml free chlorine. According to 
t'^hristisou (//«</. x. ‘2»53'), elihu'oforin keeps well after being ouce treated with oil of 
vitriol ; but the coiitiiiued action of that liquid (espeeiallv if contaminuUid with nitrous 
acid) exerts a decoiiij>osing net ion uiwii it, 

Propertiee . — Pure ehloroforni is a transpannit and colourless oil of sfaviflc gravity 
1*491 at 17® C. (Regnault); 1*52522 at 0'^ (Pierre). It boils at 81® (Hegnault); 
at 63*5® with the barometer ut 772 52 mm. (Pierre). In contact with platinum- 
wire and with the baronn.'ter at 27" it Isiils in a «lrv vessel at (10*8® but in contact 
with water, at 67*3® (Liebig). Its viiixiur-density is 4*199, accortling to Dumas; 

4*230 according to Hegnnult. lly caleulation (2 vol.) it is ^ — x 


0‘0()93 *» 4’141. Chloroform remains liquid and transparent at -■ 16® C, ^Pierre), 
but may be solidified by tlio cold produced by its own evnimratioii ; when it is thrown 
mxm a double filter, the rapid eva|K>ration at the (‘tlges causeH tho remaining portion 
to solidify ill white tufts (Sotibei run and Miailli^). It has a very ploasant, pene- 
trating fsiour, a sweet, fiery tast<*, and its vaiHinr, w'lien inhaled, produces u sweet taste 
on the pnlato. Tho inhalation of a small cpiuntity of the vajamr eauses excitement 
hiinilar t<.» that produced by nitrous oxido ; but a larger quantity ]>rwhiceH insensibility 
f*) pain, in fact, a kimi of coma; henco it is extensively used in surgical operations.* 
Afcording to Robin (Compt. rend. xxx. 52) and Aiigendro {ihid. xxxi. 079), chlo- 
roform presorvcH meat from putn'faction (260 times its wi'ight, aectirdiiig to Augendre). 

Chlorofonn dissolves slightly in water, iiiij>artirig its sweet tasto to the liquid. It 
mixes in all propfirtions with alcohol, nud is partially precipitated Ihorefrom by water. 
It dissidves rapidly in ether, it is quite insoluble in sulphuric acid. 

It dissolves phosphfvriu^^ aufphur^ ifnlinr, ami iodo/orniy also many orpaiiic hanrs and 
their mils. The iwjlubility of several organic bases in cliloroform h»uf been dcbTmined 
by Michael Pettenkofer (Jahresber. f, Chern. 1858, p. U63) and A. Hchlimport 
{fhid. 1859, p. 405), whose statements however diffiT widely, as tho following table will 
show ; 


Quantitus of Alka/otd^ disHolvrd by 100 pin. of Chluroform, 



Pettenkofer. 

Schlinificrl. 



Fettenkofer. 

fichl Impart, 

Morphine . , , 

0*ft7 ' 

1 m 

Voratrinn . 


68-49 

lift 

acetate 


rc6 

Atropiiii* 


61 09 

83*0 

Narcotfne . • 

87' IT 

mm. 

Kitychninn 


W710 

14*1 

Quinine . . . 

67 47 

I.VO 

■titrate 



fl'fl 

siilnhate 


0 

CatfiHiio , 



lt*l 

1 

1 

• 


ill 

liriicine 



14*0 

Cinchonine 

4*31 

'i*ft 

lilKitdine . 



l*« 

stiluhate . 


30 

Ac-tiititinn , 



99*0 

Quinidine ( 7) , , . 


3 

S4tntotiiite . 



93*0 


Decompo»ittMiJi . — 1. Cliloroform decompose when exposed to air and light, with 
formation of chlorine, hydw>chloric a<;id, and other products; but when kept under 
water, it remains unaltered (M arson, I'harm. J. Trans, viii, 69),— *2. At a rsd heat 

• ** For lh€ introduction of thfi vatuable riwncdy sro fndrbtRd to Dr, Klmnion t sad sltbnMgh st^r. 
bimsole. Mil roarif oihrr liquids c«n produce insenslblllljr lo pain, chloroform fi of si I the most powvrnil 
as well ai the most managci»lile. Of course ffcai care miift In* taken to Insure ifo p«rltj. 
which Bocoropaiijr U are very deleirrious ; and lu admlnlilerlne it, one person •bould do jutbing y t 
watch the pulse and respirethjn of ibe patient and remove the chloroform If neeaswy. Wttb dim pra- 
cawion, rbWoform is very sale^ and this precautim will prevent lU belns used In esM where IW UM 
to contra-indicated by the disease of the heart, or by marked tendency to apoplexy.*” (Gregory, #M«d* 
bwHk s/Orgondr CktmMty, 3rd ed. Louitou, ISAX, p. I7S.) 

S M 4 
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ita vap^ appears to be resolred, partly into trichloride of carbon and hydrogen giu^ 
partly into carbon, hydrochloric acid, and chlorine : 

2CHC1* « C*C1« + H* 

and: CHCl* « C + HCl + Cl* 

The liberation of chlorine in this manner is applied to the detection of chlorofonn 
in blood. A quantity of blood, not less than an ounce, is introduced, immediately 
after its separation from the organism, into a flask connected by a cork with a knee- 
shaped tube somewhat drawn out in the horizontal arm. A strip of paper, moistened 
with storcb-paste and iodide of potassium, is inserted into the end of this tube ; tho 
drawn-out part is heated to redness ; and the flask is heated in a wateivbath. The 
vapour of chloroform thereby evolved is decomposed at the red-hot part of the tube, 
and the liberated chlorine turns the paper Uuo. This method is said to be capable of 
detecting 1 pt. of chloroform in 1,000,000 pts. of blood (Ragsky, J. pr. Chem. xlri. 
170). According to Duroy (J. Pharm. [8] xx. 401), it is not to be depended on unless 
the blood betaken from the animal immeefiately after .the inhalation of the chloroform, 
or immediately after death. Duroy considers it better to pass a stream of cold air 
through the blood ; then pass the air, together with the chloroform-vapour, through a 
red-hot tube, and thence into a solution of nitrate of silver, whereupon, if chloroform 
be present, a precipitate of chloride of silver will be formed. 

3. Chloroform cannot be set on fire in the air, not even with the aid of a wick ; but 
its vapour passed into tho flame of a spirit-lamp, bums with smoke; a mixture of 
chloroform and rflcohol in equal measures, bums with a very smoky flame and pungent 
odour, producing hydrochloric acid (Soubeiran, Liebig). It imparts a green colour 
to tho name of a candle (Liebig). — 4. Chloroform repeatedly distilled in a Btream of 
(liy chlorine^ is resolved into IICl and C^CP (Begnaul t). — 6. Chlorofonn heated with 
nitric acid evolves but a small quantity of nitrons fumes (Soubeiran), — 6. When 
kept under sulphuric acid^ it gradually gives off vapours of hydrochloric acid. The 
alcoholic solution of chloroform, mixed with nitrate of silver ^ does not deposit any chlo- 
ride of silver, even in the course of a month (Soubeiran). — 7. Boiled vfit\i potash-hy 
in a closed tube, it is resolved into formate and chloride of potassium ; but tho de- 
composition is imperfect (Dumas) : 

CHOP -f- 2K*0 = CHKO* -i- 3KCL 

Chloroform is not decomposed by boiling with aqueous alkalis in an open vessel 
(Liebig). Alcoholic potash boiled for a long time with chloroform, produces formate 
of potassium (Roguault). A mixture of chloroform, potash, and alcohol, heated in a 
sealed tube to 100° C. for a week, yields ethylcno-gas and formic acid (Bert he lot, 
Ann. Ch, Phys, [3] liv. 87). — 8. Chloroform vapour passed over ignited baryta or 
lime^ yields metallic chloride, carbonate, and charcoal ; if the heat be moderate, these 
products are not accompanied by any g;is ; but at a full rod heat., carbonic oxide is 
produced by the action of the charcoal on the alkaline carbonate (Liebig, Soubeiran). 
— 9. Chloroform maybe distilled over potassium without decomposition; but potas- 
sium heated in iU vapour takes Are with explosion, forming chloride of potassium 
mixed with charcoal (Liobig). It is not decomposed by sodium^ even when heated 
with it to 200° C. in a sealed tube (Heintz). Chloroform is not decomposed by 
heating with cyanide of potassium, mercuiy, or silver, even on the addition of alcohol. 
(Bouchardat.) 

A mixture of chloroform and ammonia-gas is decomposed by a heat approaching to 
dull redness, yitiding chloride and cyanide of ammonium : 

CHOP + fiNH* - SNH^Cl -»• NH*.CN. 

If the temperature be raised too high, a bro\vn substance is formed, probably para- 
oyanogen. When a solution of ammonia in abs lute alcohol is heated with chloroform 
to a temperature between 180° and 190° C., formate of ammonium may be produced 
AS well as cyanide ; in many instances also neither of these salts is formed, but only 
a brown mass, probably consisting for the most part of paracyanogen. (H ei n tz, Pogg. 
Ann. xcviii. 263.) 

Chloroform and phmylamine do not react at ordinary temperatures; but when equal 
volumes of the two are heated to 180° — 190° C. in a sealed tube, hydrochlorate of 
phenylamine is formed, together with hydrochlorate of formyl-diphenyl-diamine. 

CHCa* + 4(N.H*.C*H») « 2[(N.H*.CPH»).Ha] + [N*.H,(CH)-(C*H*)*].Ha 
(Hoftbann, Proc. Roy. Soc. ix. 229.) 

OB&OROvomam - Braosmbpsinuco aoib* Syn. with Ihoi^so* 
MSTHTL-SULPHUBOUS AoiDw (See Mbthtl.) 

OHObOBOOBMlO ACtZB. Syn. with Caffstakbic Acsd (pi. 709). 



CmX^ROGEJSm—CllLOmtmLCKLOBlC ACID. Ml 

caOft Om oii U lW. a mbstance wKidi aoeompanies mbUn predpitatad from 
wEtriict of madder by* sub-aoetato of lead, and fornui a green powder when boiled with 
»u]{dittric or hydrochloric acid. 

OB 3 bOMMaXiA&. A product of the action of chlorine on hydrate of 
(o. tr.) Its analysia agreee approximately with the empirical formula C**H**^“’*0. 
(brodie, Ann. Oh. Pharm. Ixxi. 144.) 

caPb01U>BK»Xi Jl Wm. See CnoKaTBDTrni. 

CKbOieoanB&AjrZUira. See MxLXNTLnra. 

QgJMWOira BCncntATM. Compounds of mercuric chloride with basic metaUio 
chlorides, or with hydrochloraUMi of organic bases, c. y. CMcramercuratrs of yoiasttum, 
‘2KCl.Kg''Cl* ; KCl.Hg''Cl*; KOl.'iHg'Cl*; < 0/* wor^AiW. 

1IC1.2H^C1*. They are obtained by mixing the tiqueous or nicoholic solutions of the 
component salts, and are for the most part crystal li sable. 

onomomuTiLXB or mvsnwa. A orystallina 

substance produced by the action of chlorine on nioihylie alcohol (g. v,) 

OMX^MOXMTWnn^BSm C*11^CP. — An oily liquid produced by the action of 
l>otash on acetate of trichloromcthyL It has tho composition of StvAlorr/AyUn^ 
(Laurent, Ann.Cli. Phys. Ixiii. 382.) (See Acktatb of Mktuitl, p. 23.) 

CK&OXOWikramAVM. Sec Naphtiiai.knb. 

CBMAOVAraXtf jaJbZO ACZ2S. Soo NAruTDAUuis, CuLonnni-DaiiiTATrras 

OK. 

CBSiOJtOVXOXZO ACXB. This name was |^ren by Rt. Evre (Ann. Ch. Phya. 
[ol XXV. 484), to an acid ci^stallising in microscopic four-sided needles, which . he ob- 
tained by passing chlorine into a solution of bcnxoate of potassium, containing excess 
of potash. 8t. Evre ussi|^ned to this acid tho formula C^H^CIO^ But from the oxpo- 
rinients of Pisani, ma^lc m Oerhardt's lalM>rutory, it appears that this acid is nothing 
but chlorobenzoie acid, C'lPClO*. Tho aciil priqiared us above was found, after purifica- 
tion by repeated crystallisation, to bo identical in convnosition and properties with 
chlorol-Hmzoic acid prepared by the action of pentnchlorido of phosphorus on salicylic 
Aci<l, or on salycilute of methyl. E, Kopp likewise obtained nothing but chlorobensoio 
acid, by passing chlorine into a solution of benzoic acid in caustic soda, Hence also^ 
it may bo inferred that St. Kvre’s ckhronid amitif is identiciil with chlorobenzamide ; 
that ehloronictne^ a yolutile liquid obtained by distilling chloroniceie acid with baryta 
or lime, is the same as ehloroljcnzene, C^IPCl ; and that cA/oroftfCtnCf a base obtained 
by the action of sulj>hide of iirninonium on chloronicino, is identical with chloro- 
pbenylamine. (Gerli. iii. 980.) 

OK&0R09A1*. A hydrat^ul fi'rric silicate, of which thero arc two varieties, tho 
conchoidal and the earthy. The fornicr lias a pistachio^grecn colour, is translucent on 
the wlges, has a flat conchoidal fracture; Hpecifle gravity 2*168 ; hard ness 4*6, Tho 
latb^r has a liglit green cokmr, Vi‘rging towanls olive-gr<;eii and brown, is sometimes com- 
pact, sometimes friable: the compact variety is vejw soft.. The coinixwitionof this mineral 
varies considerably, as the following analyst's will show: 1, 2, from Ifunjjary (Bern- 
hardi and Braudes, Scliw. J. xxxv. 29); 3, 4, from tlio Meensw flteinbci^g, near 
Gottingen (Hiller, Jahresber. f, Cbem. 1857, p. 671): 



SiO» 

Fo*0« 

AW 

Mg"(> 

Wn"0 

IPO 


1. Conchoidal 

46 

33 

1 

2 

— 

18 -i 

100 

2. Earthy 

45 

32 

073 

2 

— 

20 n 

99*75 

8. .. 

71*6 

16*3 

2*1 

15 

tnico 

8 8 >« 

99 8 

4. OonchoKdal 

39 7 

280 

87 

24 

tnwo 

26 1 « 

999 


It is perhaps a mixture in variahlo prop^irt ions of opal with n hytlnittnl ferric silicate, 
Fo*0*.3SiO* + 3H*0, the conchoi'dal variety analysetl by Hiller, eontaiiuing about 41 
per cent, of the ferric silicate, tho earthy variety, 70 per cent. (Jahresber. loo. cU.) 

43VabOXOFA&ULOA.Tafl. Coni[K>UDds of dichloride of palladium with tho 
more basic metallic chlorides, or with hydrr>chlorale8. They are not much known, 

CB&OXOFAU*Al>XTX8. Com]xiun<ls of protrx;hlorido of mlladium with tho 
more basic metallic chlorides, or with hytlrochlorates of organic bases ; t.g. cb!»*rt*- 
palladite of potassium, 2KCl.Pd"CT ; chloropallodite of strychnine, 2(C»'U'*N*0».ll(;i ). 
PdCT*. 

CB&OMVJL&atXTXC ACZ2>. Bee Palmitxo Acip. 

CB&OBOVnOS&OBXO AOZXI. C1*0’^? — A compound said to be prodnoet'^ 
by exposing chLorons anhydride to sunshine, the containing vessel being at ill# 
same time^mened in water of C. It is a reddish brown lir|aid which is de- 
composed by heat, but not explosively ; forms extremely dense white fiimes in con- 
tact with moist air, and is decomposed by {»otasli; yields 1 at. eliJoritu and 2 at. cblorata. 



922 CHLOROPH^ITE— CHLOROPHYLLITE. 

of potassium: C1*0’^ + 3K*0 = 2KC10* + 4KC10*. (Mill on, Ann, Ch. Pbys. f3i 
vii. 298. It is perhaps hyperchloric oxide, C1*0** « 8C1*0* (p. d07). ^ 

CBZiOnOPB JBZTB, A ferrous silicate, occurring in foliated or granular massiTe 
forms, in the Faroe Islands, also in the neighbourhood of Fife and of Newcastle. It has 
a dark green colour, and subresinous lustre; specific gravity 2*02 ; hardness 1*5 to *2. 
According to Forchhammer^s analysis (Berz. Jahresber. xxiii. 266), it contains 32’86 
per cent, silica, 21*66 protoxide of iron, 3'44 magnesia, and 12*16 water, whence the 
formula 2(JFe''0.|Mg"0).3Si0* + 1211*0, whicli luny be represented as an orthosili- 
cate of the form + 8H^O. 

CBSbOBOPBJBBSBITB. A hydrated ferrous silicate, found in cavities of the 
amygdaloidal porphyry of Wcissig in Saxony. It is blackish-green, with dirty apple- 
green streak ; not very hard ; of specific gravity 2*684. Analysis gave 69 ’4 per cent. 
8i0®, 12*3 Fe'VD, and 5*7 H®0, besides alumina, magnesia, lime, potash, and soda. 
(Jenzseh, Chem. Centr. 1866, 76.) 

CB&OBOPB ABB. A variety of fluorspar, which emits a green light on calcula- 
tion. 

CBZiOBOPKBBBSZC JLCXB. Syn. with Dichlorophenic acid, 0*H^C1''0. (See 
Phenic Acid.) 

CBBOBOPHBBZSZO JkCZB, Syn. with Tbiculorophenic Acid. 

CBZiOBOPBSBTrBZC iLCZB. Syn. with PENTACHiiOBOPHENlC Acid. 

CBBOROPBBSmi. This name was applied by Laurent to a c^stalline substance 
obtained by the action of boiling nitric acid on trichlorophenic acid. It cry stall ist*t! 
in yellow scales insoluble in water, soluble in alcohol and ether, and subliming in Tory 
brilliant scales. Analysis gave 37*8 per cent. C, 1*88 H, and 64*30 CL (Gerh. ii. 2S.) 

CBXtOBOPHOBPaXBB OP BZTBOGBB*. See Nitrogen. 

CBXiOBOPBPXiZi. (Berzelius, Ann. Ch. Fharm. xxi. 267, 262; xxvii. 296.— > 
Verdeil, Compt. rend, xxiii. 689. — Schulze, ibid, xxxiv. 683. — Mulder, Ann. Ch 
Pharm. Hi. 421.) — ^Tho colouring matter of leaves and the other green parts of plants. 
It is extracted bv digesting green leaves for several days with ether, evaporating the 
filtered liquid to dryness, treating the residue with boiling alcohol, and adding to the 
solution a small quantity of milk of lime, which precipitates all the colouring matter, 
while the alcohol retiuiiE a quantity of fat which was mixed with it. The chloroithyll 
is separated from the lime by means of hydrochloric acid and ether, which dissolves 
the colouring matter, forming a green stratum at the top of the liquid. By evaporating 
tlie ether, the chlorophyll is obtained in the pure state. 

Chlorophyll thus prepared is an earthy powder, of a deep green colour, unalterable 
in the air, infusible, sustaining a heat of 200® C. without decomposition, but decom- 
posing at higher temperatures. It is insoluble in water, even at the boiling hent; 
easily soluble in alcohol, less in ether. Acids and alkalis dissolve it with green colour: 
a solution of alum precipitates it. Nascent hydrogen decolorises it like indigo 
(Mulder), Mulder represents chlorophyll by the formula C*H®NO*, which however 
cannot be considered as established. According to Verdeil, chlorophyll has a great 
analogy to the colouring matter of blood, and like that substance, contains a large 
quantity of iron. According to Morot (Jahresber. f. Chem. 1869, p. 662), chlorophyll 
is C**H=*®N®0* and is always accompanied by a fatty substance, C*H'*0. The latter 
is produced by the action of atmospheric oxygen on starch, accoi^ng to the equation ; 

2C*H'«0» -I- O* - C»H*^0 + 4C0» + 3H«0. 

and chlorophyll results from the simultaneous action of carbonic acid and ammonia on 
this fat, under the influence of light : f ^ 

C*'H‘<0 + 2NH* + loco* - C'*H®*N*0* -h O'* 

According to Schultze, chlorophyll forms the oolouring matter of several gmn ani- 
malcules inhabiting ponds and ditches, such as polypes, turbellarias, and infusoria 
{Hydra ^ridia^ Vortex viridis^ Mesostomum viriaatum, Deroatomum cacum^ Stentor 
polymorphua, Oyhrydium veraatile^ Buraaria vemalis). 

The name J^ythrophyll has been given to the red colouring matter of leaves in 
autumn. It is soluble in water and alcohol ; dissolves with brown colour in alkalis^ 
and forms wi% lead-salts, a precipitate of a fine green colour. 

OBliOBOBB** UiZXa. An altered form of oordierite, found at Had^um in Con- 
neo|;icul> and Uni^, New Hampshire. It occurs in trlmetric crystals of the same 
finnn as the original cordierite, of greyish or brownisb-green colour, and pearly lustre ; 
specific gravity 2*782. According to Rammelsberg^s analysis, it contains 46*81 
cent^SiO*, 26*17 A1*0*, 10*99 Fe»0», 10*91 Mg"0, trace of Mn'^O, 0*68 Ca^O, and 6*70 
water («■ 100*66), which titimbers, if a small quantity of the iron be suppos^ to exist 
as protoxide, may be nearly represented by the formula 2(M''O.M*0*.28iO*) + 8aq., or 
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pw 833.} 

C?Cl*NO*. (Stenhouse, Phil. Mag. [3] 53.<~Oer» 


MLDimio acid with chloride of lime and water : hence lUao when the bodies which 
yield either of these three acids by treatment witli nitric acid ore first boiled with 
= nitric acid and then distilled with chloride of lime. To these belong ; creosote, stdicin, 
indigov enmarin, the yellow resin of Botany Bay, liquid storax, bonxoin, IVru-baLsam, 
galbanntn, gum assafortida, ammoniaoum, purree, aloes, extract of Campeachy wood, 
U)g-woo^ fhstic, red sandal -wood, &c. I^tlv, Hammara resin, and tho chlorinated 
i^ain formed in tho decomposition of usnic acid by elilorine, likewise yield chloropicrin, 
when treated with nitric acid and chloride of lime. — 2. By treating picric acid with 
chlorine water or aqua-regia, or a mixture of chlorate of potassium and liydrochloric acid. 

To prepare it, aqueous picric arid is distilled with ohloride of lime till, after about a 
quarter of an hour’s boiling, no more heavy oil passes over with the water. Should 
the lesidue be still yellow, it must be redistilled with fresh chloride of limo. The oil 
is separated from the watery distillate, w^ished with water to which a little carbonate 
of magnesium has been added, dried by placing it over chloride of calcium, and 
reotifl^ 

Chloropicrin is a transparent, colourless, strongly refracting oil, of specific gravity 
1*6637, boiling at 120^ 0. Its odour, in the dilute state, is peculiarly aromatic, but in 
the concentrated state very sharp, and attacks tho nose and eyes less persiHtently, but 
quite as violently, as volatile chloride ofcynnogtMi and oil of mustard. It is neutral 
to vegetable colours. It dissolves sparingly in water, very easily in alcohol and ether. 

Chloropicrin sustains without alteration a heat of 130^^ C, ; but when passed through 
a red-hot tube, it is eouipletcly deeoin|M>se»l, yielding nitric oxide, eblorino, and tri- 
chloride of carbon. A sniiill piece of ptibissium gently heated in tht» oil, causes strong 
explosion : at ordinary temperatures, it forms in a fewr iliiys ehlorida and nitrate of 
potrt 'sium. Chloropicrin is not decom|s>sed by aqueous fM>tasli. even Bfl€»r prolonged 
coutaet; but alcoholic potash gradually decomposeM it, forming chloride snd nitrate of 
|K)tas.sium. Aqueous aininonia exerts scarcely any act inn unrm chloropicrin; but with 
aminoniacal gas or iilcolmlic ammoiiia, it forms chloride and nitraU* f»f aminoniiim. It 
is not acted ui*K)n by sulphuric, nitric, or hydnaddoric acid, even at the Isjiliiig heat. 

Bromopiciiin. OBr^NO*. (Stenhonse, I'hil. Mag. [4] viii, 3(5.)- Obtained, like 
chloropicrin, by distilling picric acid with Kolution of hypobriimift* of calcium (limu- 
water containing bromine), and purified by washing wilfi carbonate of sodium, agita- 
tion with nierniry, and digestion (not di.^tillation) with chloride calcium. It is a 
colourless liquid heavier than w'ater, having the acriti odour of cldoropicrin. It is in- 
soluble in water, easily soluble in ide<j}iol and ether. It may be heaU*d to its l>oiling 
point (above 100° C.) without decomposition, but is then decomposed, witli evolution 
of brown-r^ vap)iirB, cv(‘n in an atmosphere of carbonic nnliydrido. At a higher 
temperature, it decompost^s with slight explosion. Tlie alcohoJie solution is slowly 
precipitated bv nitrate of silver in th<* eoltl, iriiniedialidy when h(‘att*<l. 

CK&OROP&ikTJrsrATSSS. ('omisninds of tetrachlorido of platinum with th« 
more basic metallic chlorides. <»p with the hviirochlorai»*H itf organic bases : c. tf. Chloro^ 
pfatinaie of amimmi\int ^ 2NH*C1.1*1(J1^ ; vkU^ropfidimtie vf Htryvhninr.t 2(C*Ul”N*0*. 
HCl)PtCB. (JSeo Platinum.) 

OHlbOSOPl^TXarsXBS. (>>iTip>unds of dichlorido of platinum with more 

basic mvtallifl^ dilorides : (Jhloroplatiniie uf 2KCl.Pl('r‘‘. (*StHj PiJiTiMUM.) 

CSI^OXMIBOIIAXXS* ( omjsmnds of trtchlr»ride of rhodium with more basic 
chlorides, CMotorhodaie of ammo^uum^ 4NIl*Cl.Kh*CP. * 

OaStOmOBtraXV* See Rvkiak and Madoxb. 

See Halicin. 

See Halioxmik. 

8yn. with Uyduidb of Chi/ihosalicix. (See SaticTL.) 

Ca&oaOSPXaa&. a grass-green spinel from Slatoust in the Uml, of specifie 
gravity 3*691 — 3*394. It contains, according to two analyses by HT Bose (Pogg^ 


oa&oaoaa&xa: 


Ann. 1 . 629) : 

AlW 
64*13 
67*34 


Fe®0» Mg'O Cu"0 Ca'O 

8 70 26*77 0*27 0*27 - 100*24 

14*77 27*49 0*62 — - 100*22 

>VO>) or ]tfg"(AI*; Fe>)’'0‘- M dUtingnblMd 
fiaSii 09r|bi^ (p. 048) by the ebeeace of ferrous oxide. 
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CRB&OftOftT»y cnmra. See STBTCHinm 

OB&OXOSTntA.Onr. See Sttbaoin. 

0BMR08TOC1C AOXB. An acid obtained bytbemetaiiioa^^ 
uated succinate of ethyL (See Suocimio Ethsbs.) ^ 

CBXiOBOSVOCmMZBaB. See SuocuOMinB. 

OB&OBOTBBBBSWB. See Tebebenb. 

OB&OBOBinbPBUBZO AOZB« See SuxpiiVBTi., CHLomB of. 

CB&OBOVAXiBBZSXC ACZB. Syn. with TmoHLOBOYAuauc Aom. (See Vi«’ 

LBBio Acid.) 

C»&0B0VAUKB08X0 ACXBp Syn. with TsT^OHLOBOTAnEBio Acid. ' 

OB&OBOBAKOVXBXC AOXB. See OxAXic EniBBB 

CB&OBOBJkMBTBABB. Syn. with PBBTACSLOBprATim OxABCATB OF Eihil 
(S ee OxAuio Ethebs.) 

CBBOBOBBTBZBB. Syn. with Chloboxuloyimio AKBTDBiDik (See Oxauo 
Etrebs.) 

OBBOBOBBTBOSa. C«C1«0. (Mala^utl, Ann. Ch. Phys. [S] xn. 19.— Ob. 
tained by the action of monosulphide of potassium on perchloric ether: >. 

C*CVQ + 2K*S 4X01 + S» + C^CPO. 


To prepare it, 50 pts. of monosulphide of potassium are heated with 16 pts. of per- 
chloric ether and 200 pts. of idcohol of 96 per cent. Chloride of potassium is then de- 
posited ; the Liquid assumes a dark colour ; and after a day, the deposit of chloride oi 
potassium becomes covered with ciystals of sulphur. On adding water to the liquid, 
chloroxethose separates in the form of an oil. 

It is a colourless, limpid, oily Hquid, having an agreeable odour like that of meadow- 
sweet, and a saccharine taste. Specific gravity 1*664 at 20® C. Boils at 210® C. with 
slight decomposition. Insoluble in water, soluble in alcohol and ether. It is alterfd 
after some time exposure to the air. It is not attacked by alkalis or by ordinary 
nitric acid ; but nitric acid of specific gravity 1*6 attacks it strongly when heated. On 
exposing it to sunshine in an atmosphere of chlorine, crystals of perchloric ether mulce 
their appearance after a few days : C*C1®0 + Cl* = C*C1’*0. It likewise absorbs i>ro- 
mine in sunshine, producing perchlorobromic ether. Exposed to the action of chlorine 
under a layer of water, it yields hydrochloric and trichloracetiot^ds : 

C*C1«0 + Cl* + 3H*0 = 4nCl + 2C»HC1*0* 


CBBOBOXTBAPBTBAXiZO ACZB. See Oxywafiithalic Acid. 
CBOCBOCAa A name applied by the natives of South America to dried potatoes 
prepared by exposing the peeled and boiled tubers to the alternate action of frost and 
sunshine. 


CBOmrBBrXTB* Syn. with Cbtoute. 

CBOBACBOB. C»H‘«N*0»* -= C«H«(NO*)*0»(?)— A product of the action of 
nitric acid upon bile. This action gives rise to both fixed and volatile products. Tlie 
volatile substances formed are capric, caprylic, valeric, and butyric acid, together with 
an oily body which, when treated with strong caustic potash, is resolved into nifi^ 
cholic acid and cholacrol, which latter may be separated from the saline smution by 
decantation. ^ It is an oily neutral body having a strong odour ; dissolves sparingly in 
water, freely in alcohol and ether ; when heated, it decomposes with slight explosion. 
(Bodtenbacher, Ann. Ch. I%arm. IviL 146.) 

CBOBABXO AOZBa — Syn. with cholic acid, the non-azotiaed acid 

obtained by the action of aOcalis on taurocholic and glycocholic acids. (See Chouc' 
Acid.) 


CBOZiBXO AOZBa Syn. with Taubochouo Acid, the sulphuretted acid of bile. 

OBOZbBSTBBZO ACZO. C*H*"0*. — This acid is produced, together with cho- • 
loii^io ariid^ oxalic acid, several volatile acids, and a resinous substance, hy the 
action of *i^tiie acid on cholesterin. Choloidic and glycocholic acids treated witl|; 
nitric arid the same prc^ucts.^ To prepare it, cholesterin is Jireated wlft 

nitric arid Bti a retort, the distilled liquid raing frequently poured bad^ Wheiel^t » 
resinom Biass is produced, which slowly dissolves afti prolonged bcijling 
f^n^ric ^d. The liquid, when sufiSciently concentrated in the retc^ |a0ri* ^ 
gtmmj reridue, containing a large quimtity of cholesteric arid, mixed wit^*^^ 
arid and a rerinous substance ; and this residue, on cooling, separates ipl 
npl^ ^ which consuts* of cnystalline choloi'danic ariC while the h| 
viaciA ooosiata chiefly of cholesteric acid containing a little oxalic add^' 
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f they are, therefore, either iaomeric or polymeric. ' Their ftvmatioii from cho- 
lesterin is represented by the equation : 

O"H«0 - H*0 « 


This decomposition shows that cholesterin partakes of the nature of w alcohol ; it 
in fact, homologouallHth cinnamic alcohol, and its formula may be written C“H^.H.O. 
Heated with acetic^ butyric, benzoic, and stearic acids, it forms compound ethers, with 
elimination of water ; thus with stearic acid : 


C>*^0|o ^ C»H«jo 

Stearic Cholct- 

acid. terin. 


Stearate of 
ciiolesletyl. 


These ethers are prepared in the same manner as the glycerides, and are purified by 
boiling the product with eight or ten times its volume of alcohol, which extracts the 
unaltered cholesterin, and crystallising from boiling ether. 

Benzoate of Choleateryl, C**II**0® *= C’n*0.C**H**.0, crystallises in small shining 
micaceous laminae, which melt between 125*^ and 130® C., dissolve with moderate 
facility in ether, very sparingly in boiling alcohol. The butyrate^ C*H’0.C**H”.0, is 
easily fusible, somewhat soluble in hot alcohol. The crya- 

tallises in small shining needles, having a neutral reaction, sparingly soluble in (\>]d 
ether, nearly insoluble in alcohol even at the boiling heat. The acetate has likewise 
been formed, but is difficult to purify, being more soluble in alcohol than the preceding 
compounds. (Berthelot.) 

CBO&1S8TROPBAWB. — The name given by Rocblcder to the final 

product of the action of chlorine on caffeine (^. v,\ called also nitrothine by Stenhouso, 
and regarded by Gerhardt as dimethyl-parahanic acid^ C^(CH*)'‘*N^O*. It is also ob- 
tained by the action of nitric acid upon caffeine. It is soluble in alcohol, and erystal- 
lises in iridescent scales, which sublime at 100° C. Boiled with potash it yifltls 
carbonate and oxalate of potassium, and gives off ammonia (according to Ilochleder), 
or rather methylaminc, 

CBOUC ACI1>. CJioWic Acid * — This acid was discovered by De- 

mar<;ay in 1838 (Ann. Ch. Phys. [2] Ixrii. 177), further examined by Theyer and 
Schlosser (Ann. Ch. Phnrm. xlviii. 77 ; 1. 235), and finally by Strecker {ibid. Ixv. 
9; Ixvii. 1 ; Ixx. 161, 166). It is produced by the action of alkalis on the acids of 
bile, viz. glycocholic and taurocholic acids, tho decomposition taking place in the manner 
represented by the equations : 



H*0 = + 

CTPNO* 

Glycscliollc 

Cholic 

Glycocine. 

acid. 

acid. 

C“H«NSO» -h 

H^O = C2»H"0» + 

C*H^NSO*. 

TaunKhloric 

Cholic 

i'iiurliie. 

aclA 

acid. 



Cholic acid does not exist ready formed in normal bile, but is produced from the 
nitrogenised acids of bile during the putrefaction of that liquid after its removal from 
the body. Similar changes appear also to take place within the body in certiiin 
states of disease ; hence, according to Thudichum, it occurs in gaU-stonen (p. 588). 

The easiest mode of preparing cholic acid is to boil the resinous acids precipitated 
by ether from an alcoholic solution of bile (p. 585) with baryta-water in a retort 
having its neck directed upwards, adding as much hydrate of barium as will dissolve 
in the boiling liquid, and continuing the ebullition for about twelve hours. The ciys- 
talline mass of hydrate and cliolate of barium obtained on cooling, is decomposed by 
hydrochloric aci(^ the cholic acid then separating as a glutinous resin, w'hilo chloride of 
barium remains in solution. The cholic acid is suffered to remain in the liquid till it 
is completely solidified, a few drops of ether being added to accelerate the process, after 
which it is washed with cold water, dissolved in boiling alcohol or ether, and the solu- 
tion left to crystallise. Potash may be used in tho preparation instead of baiyta, but 
it is less advantageous. 

Chcdic acid has a bitter taste, with slight saccharine aftertaste. It crystallises in 
two different forms, and with different quantities of crystaUisation-water, according us 
it is deposited from alcohol or ether. 

a. 20”H'**0*.6H*0. This hydrate is deposited from boiling alcohol. It forms 
tetrahedral or more rarely octahedral crystals, belonging to the dimetrie fljstem. 

• . P * 

Observed oomhmationB . cdP and P . odPoo . Ratio of principal to seoondaiy axis 


* Cholic acid U Ibe name oriftnally proposed by Deratr^ay. Strecker afterwards altered it to ebo- 

laMe acid,, reierrbnf the term cholic MCid for the DlCn«|renoua ijlle-acid which yields this add. ti^jtrchee 
with glycQt'ine. at decmniKMitlon ; but It Is more sy-tematk to call this nltot^gciilsod add flycoch^ 
add, and roula Ifemar^ay's name for the uon-asotis4'd ixid. 
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- 0-794« ; P ; P, in the terminal eaKPa - 116 ® lU'; in the Inteml ed«M « 96 ® 40'. 
The cryetala are celourlesa, rery brittle, and have n gluiwy lustie. In a diy atmo« 
sphere they loee their water of cryatallisation, and become o|>aqtie. They diwiolve in 
750 pts. ot ^aing water, in 4000 pte. of cold water, in 20*8 pta of cold alcohol of 
70 m cent, and are wiy soluble in boilian alcohol. The alcotolic solution biiicomes 
milky on addition of water, and after a while deposits shining nwdlea 1 pt, of clio- 
lic acid (? the l-hydnite). dissolves in 27 pts. of ether. 

b. This hydrate is deposited from boilinp ether, in ciystals belong- 

ing to the trimetric system, exhibiting the combination ooP . oaPoo . P, but having 
the aspect of monoclinic crystals, in consequonee of the p^^^do^ldnanco of one half of 
the P-facea in the same zone. Ratio of braehydiagonal, inacrodiagonul, and principal 
axis «• 0-6036 : 1 : 0-3762. Inclination of faces, P : P =» 71° 68'; 119® 86' ami 
144® 39'; P : ooP 125® 39'; ooP ; <»P « 62® 16'; oopoo; oeP «. 148® 63', (H. 

Kopp.) 

The two hydrates nWo d«?sorilM'd seem to contain dilfenmt modifications of cholic 
acid; the dimetric variety gives off all its water at 100^' C., and may tlien bo heated 
to 170® without decomposing, when^aa the Irimetric modiOcution is 'not easily dehy- 
drated at 100®, and melts, willi dceomriosition, at 160®. 'rii<» two Tnoilillcatioua, how- 
€‘ver, yield the same suits, and are ensily converted one inft> the otlier. 

Cholic acid heated to 200® C. given off tlie elements of 1 at. water, ami is converted 
into choloidic acid: C^H*®0* — JPO = and at 290® it is eonrertiHl in like 

manner into dysl^-sin: C*M1 '*0^ — 211*0 Uy distillation, it yields a yel- 

lowisli, V€»ry acid oil, with only a very slight earbonjieeous reniibie. 'riio oil is suliihlo 
ill ether and in alkalis: the alkaline soIntirMi preeioibife.s nu*liillie salts. 

Cholic acid dissolves easily in cati.stie alkalis, uUo in hot miluliont) of alkaline enr- 
lN)iintes, ex]>elling tho carbonic iicid. The Ciicii.atks, C“MI*''M(P, have a very bitter 
taste, sometimes slightly saccharine; they are soluble in alcohol ; those of the emih- 
inetulH and heavy luetiila are sparingly soluble iii water, and may bti obtnimui by 
pivcipitation. 

Cholic acid and its salts give with sulphuric acid and sugar tho reaction ulroady 
described os Pettenkofer’s tast for biio (p. 686). 

Cholatf* of Ammonium^ obtiiiiied by passing ammonia-gas into nn alcoholic solii^ 
tion of cholic acid and precipitating by eth«»r, forms slender needles, soluble in water. 
It is decomposed by prolonged exposure to the air, with loss of amriionia, inor<5 quickly 
when boiled with water. 

Ckolate of Bariuna^ is obtained liy dissolving the acid in baryta- 

water, precipitating the excess of linrvtu bv earbonie aeiil, and concentmting the fil- 
trate, as a crystalline pellicle nnimniellated on the surface, silky in the interior. Jl 
dissolves in 30 pts. of cold, 23 pts. Vioiling w-ater, and in a sinalh^r (piant ity of alroliol. 
Tho solutions are decomposed by a contiiiuc<l Ht.n»ani of carbonic mud, A ooiicentrate<l 
solution uf cholate of potassium yields a wliito flaky prcK-ijiitate with chloride of 
barium. 

Cholatf of Calcium^ is precipitat4*d in thick clots, which crystallise from ether. 
The is a bluish-white i>recipitate. Tho I rnd-nn It is whib», sparingly so- 

luble in water, soluble in alcohol and acetic iicid. Tin* mantfanrar'^Knlt is a semi- 
d^stailine flocculent precipitate. 'Fhe 7n<'rcury~aalt» are white precipitates, which 
dissolve slowly by ebullition. 

Ckolate of Botaesinm^ precipitated by ether fr-r^m its alcoholic solution, or o1>- 
tainod by spontaneous evaporation, forms slender neeilles. From its a/iueous solution 
it is precipitated by strong potash. Cholate tf 8 odium rcseinVdes the potossiunri- 
solt. 

Ckolate of Silver is obtained as a white precipitate, which partly dissolves on 
boiling, and ciystallises as the solution cools. It bla^rkens slighily at ido® C., dissolves 
easily in alcohol. 

OXO&OCnntoara. The general name for the colouring matters of bile; it in- 
cludes the^ordinaiy brown bile-pigment called rholopharin or biliphutin ; a green 
substance, cholochloin or biiivcrdin, pro<lnced by oxidation of cholophwio : and 
ebolofulvin or bilifulvin, a yellow substance found in thickened ox-bile. These 
subsbtnces were first examined by Berzelius (Jx'hrb. d. Chem. ix. 281), aftcrwawls 
by Simon, Piattner, Schmid. Scherer and Heintz (Gerh. Traiii^ iv. 632), ami 
Thudichum {Biriti»h Medical Journal, July 14th, 1860). 

Choloph^in^ ox the brown pigment, is contained in bile and in the intestinal canal, 
and is the substance to which excrements owe their colour. In certoin states of disease 
it occurs in the blood, tho serous fluirls, the urine, and other liquids of the organism, 
•ftd is the cause of the yellow colour of the skin and ■ Uie oom«^ in jonndice. It is • 



wait prepared from nill*Btones» of vl^dr it acmietiinee forms the ebie! 

by eshaiist^ them with alcohol, ether, and brajlKg water; wasl^ the residue 
witb hydcoehloric acid^ then with water ; dissolving a jreak solution of carbonate 

of sodium ; and prempitating by an sgld As the cl^phaam is vezy apt to pass into 
the ween piment Jy oxidation, it is best to peiforin ^ these operations in an ku 
mos^ere of hydrogen ^HeintzX 3?rem hum^ g^-stones cholophaein may also be 
extracted by bemsene or by chloroform. (Thudiehum,} . 

Cholopbrnin recently precipitated is a brawn amorpho^Jiubstance, becoming darkor 
when diy. It is infusible, insoluble in boiling water; soluble in boiling alcohol, the 
solution ^dually turning green by contact with the air, Hydrocliloric acid dissolrr^ 
it in small quantity, acquiring a blue colour. On add^ excess of ammonia, the liqnirl 
immediately acquires a greenish-yellow colour, which is changed to red by nitric Mi<l. 

Cholophsein contains, according to Heintz^s analysis, 00 9 per cejtit. carbon, 6 ().i 
hydrogen, and 9*1 oxygen, whence may be deduced the empirical formula, 

(61*9 0. 68 H, 9*0 N, and 23-2 O). 

Caustic alkalis and alkaline carbonates dissolve cholophsein with brown ish-yelkjvr 
colour : the ammoniacal solution yields a brown flaky precipitate with chloride of 
barium or chloride of calcium. A solution of cholophfcin in very dilute alooljolic 
potash assumes a green colour on addition of hydrochloric acid ; and if nitric acid be 
tiien added drop by drop, a fine blue colour is produced, which lasts a long time. 

Cholochlo’in or Biliverdin , — This green pigment is produced by the oxidation of 
cholophaein. An alkaline solution of the latter gradually oxidises W exposure to tho 
sir, and, if then treated with acids, yields a green precipitate. ' Cholochloin exists 
ready formed in ox-bile, and is abundant in that of birds, fishes, and amphibia. 

Thudichum obtains the green pigment by allowing bile to stand in well-dosed 
bottles for two years, whereupon a putrefactive decomposition ensues (p. 687), and 
cholochrome is precipitated, together with cholic acid and other substances. The |>re- 
cipitatc, after decantation of the liquid, is put into a calico-bag and washed with water 
08 long as the liquid will pass through ; then boiled with alcohol and washed ou a 
filter with large quantities of tliat liquid, which removes cholic acid and its salts, also 
fata and fatty acids. The colouring^ matter then remains, mixed with mucus, from 
which it may be freed by solution in carbonate of sodium. The alkaline solution, 
treated with hydrochloric acid, tlirows down a substance of a fine green colour, w'hich 
however is probably still somewhat impure. 

Cholochloin is destitute of taste and odour. It docs not melt when heated, hnt 
decomposes at a high temperature, leaving a large quantity of carbon. It is insolul)Ie 
in cold, slightly soluble in boiling water; easily soluble in alkalis, also in alcohol. 

According to Heintz, cholochloin contains 60*04 per cent. C, 5*84 H, 8*53 N, and, 
26*^9 0, whence is deduced the empirical formula requiring 60*38 C, 6*66 H, 

8*80 N, and 26*16 0. Cholochloin forms with baryta a green amorphous compound, 
containing 27*3 per cent, baryta. 

Tho formulse of cholophasin and cholochloin, as deduced from their analyses, are 
very uncertain. Thudichum found 60 to 62 per cent, carbon in cholophsein from g^ill- 
stoncs, and as much as 66 per cent, in that prepared from bile. Probably both 
modifications contain the same number of carbon-atoms, the green compound contain- 
wg more oxygen than the brown : thus cholophsein « C*H*jNO*’** and cholochloin 
C»H*NO**» or possibly C"H»NO^ and O»H*N0». 

CSQ&OCBROMIC AOZD* When nitric acid containing nitrous acid, is added 
to a dilute solution of cholochrome (eitfacT brown or green) in an aqueous alkali, the 
colour of the liquid changes to green, blue, violet, red, and finally to yellow. These 
changes of colour are connected with the formation of a non-azotised acid, which, ac- 
cording to Thudichum, may be obtained by passing nitrous acid vapours into water in 
which cholophsein hr suspended. Effervescence then takes place, arising from evoJuf ion 
of nitrogen ; the colour of the bile-pigment changes ftwm brown to red ; and on 
subsequently shaking it up with ether, a red solution is obtained, which on evaporation 
leaves a pink syropy residue, consisting of the non-azotised acid, c^lochromic acid. 
It dissolves easily in chloraform, and' the solution, when evaponttc^d in an atmosphere 
of coal-ga^ and afterwards left to stand for some days in a flask filled with the same 
gas, deposits the amd, partly in flat rhombic octahedrans, partly in groups of radiating 
needles, partly ss an amorphous mass. 

Thudichum to this acid the formula or CmH^K It should perhaps 

be C^EPO*, in vdura case its formation foom cholophsein mig^ be reprosented by the 
equation: C 4 , 

eWEPNO* + HN0» -r C«!HW + N* + , 

the reaction being that of nitrous acid on an amic acid (p. 168), : 

Ghdochromic acid is nearly insolnUe in cold water, but easUjf aelttble in aleuhul: 
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cfaololdic Md wit& mtiio aeid, i»epiiimt«B on eooUnff into two liivm th« upon 
of which la erysfcaWm^, and coomots of i^iotoiapiiio acid. Thf crraUllino erMia 
dTMod on a fhnnel coiitaimiig glai^ and pnridtd by mi^atalliaation horn 

boiling wator.^ bhould the,;inaidii6 in the rctovt bo merely a rtainona maiHH it mnat 
be fhither subjected to the i^tion of nitric add, which will Anally conmt it into tho 
eiyatalline acid. 

Choloidanic acid cr^'shiUIsea in long haur*like prisma, which, after diying on Tinpiiv, 
hare the aspect of asliestoa. It is nearly insoluble in cold water, and but apari^ly 
soluble in filing water ; easily stduble in alcohol : the solutions are acid. It doM 
not lose weight at U)tl®C.; but at a higher temperature it blackens and giTes off an 
acrid acid vapour. It dissolves anthout altcralinn in hot nitric or hydrochloric acid. 

Choloidanic acid rt*<^uirea a largo Quantity of alkali to saturate it. The choloidanates 
of the alkali and alkaline earth-metalH are soluble in water; tho rest are insoluble or 
sparingly soluble. They are all deeomptw<sl by washing w'ith water. 


OBOXiOZlIlO ACllk. — This aeid was discovered by Beraar^ny, and 

has been further examined by Theyer and Sehlossor and by Sf reckcr (see refe- 
rencee, p. 9261. It is produced by the dehydration of cholic aeid at 200® C., and. 
according to the ohservations of Goru|v.Bcsanea and of Thudichum (p. 68;), is one of 
the products of the putrefaction of bile: bonce also it is found in gall-sbines. It may 
be prepared directly from bile by boiling tliut liquid, dissnlved in 12 to 16 pts. water, 
with excesH of hydrochloric acid for three or four hours, and leaving the liquid to e<a>h 
Choloidic acid then oollcctsat the bottom in a solid mass, w'hich must bo several times 
melted with water to itmiove the liydrtK'hlorie acid, then pulverised, dissolved in a 
Bmall quantity of alcohol, shaken up with ether to free it from choleaterin and margaric 
acid, and Anally eva|X)nttetl to drynesa over the water-bath. If tho action of the hydro- 
chloric acid be too long continued, dyslysin is obtained instead of choloidie. acid 
(lie'll ar^ ay). Choloidic acid ia likewise obtained by digesting bile with oxalic acid. 
(Theyer and Sc hloascr,) 

Choloidic acid is a white non -crystalline au1>fitance, which melts in boiling water 
without dissolving to a Mennible amount. After drying it requin's a heat of more tlmn 
160® C, to melt it. It is very soluble in nlcohol; water renders the solution milky, 
and separates the acid in the form of a resin ; the solution has an acid reset ion. it 
is sparingly soluble in ether, 

(Mioloidic acid unites with bases and decomposes carlionateB with aid of heat. Ths 
ehloidates of the alkali-metals are soluble in w'atcr and alcohol, insoluble in ether; 
they have a pure bitter tasb* without any sw'cetish aAer-taste. By evafx>ratinii they 
are oV)rained in the form of gummy masses. I'lie salts of the earth-metsls and heavy 
metals are insoluble or sparingly soluble in w’uter, insoluble in alcohol, and are oIh 
tained in the form of plastic precipit-ites. The Airrium-ta/f, C**H**Ba''0*.4lI*0 (at 
120® C.) is insoluble in wat-er and anioiqihous. The nifvtr-anit, ^at 100®C.), 

is a bulky wliite precipitate, which undergoes considerable contractiun and ooloratioii 
by drying. 

Choloidic acid is oxidised by strong nitric acid, yielding a great number of prr>dnets. 
If 1 voL choloidic acid be treatiHl in a tall vessel with 4 or 6 vol. strong nitric acid, the 
whole Stilled to one-AAh, after the first violent action has subsided, cohobating 
if neceasaiy, and the liquid, when the action has ceased, diluted with twice its bulk 
of water and again distilled, a distillate is obtained having a vei^ acrid suflbcating 
oilour, arising from the presence of a heavy oil, consisting of nitroeholic acid, 
CH*N*0* (?), and cholscrol, while on the surface of the wateiy liquid there AoaU 
a light oil, which is a mixture of aeefic, valeric, caprylic, and capric acid. The residua 
in the retort is a yellowish mixture of oxalic, cholesteric, and choloidanic acids. 
(Redtenbacher, Ann. Oh. Pliarm. Ivii. 146.) 


CmolsOmEO ACXll. (Strecker, Ann.Ch. Pharm.lxvii, 1.— Mulder, 

Unterauch, uber die Galfe. — Gerh. iv. 722.) — This acid, which is homologous with 
glyoo-hjodiolie acid is pnxluced by the action of strong acids upon 

glyttkihoUe acid, ISrom which it differs only by the *fIemenU of 1 at. water. 

When aaolution of glwocholic acid in strong sulphuric or hydrochloric acid is heated* 
it becomes turbid anoj^lds oily drops, which solidify snd become resioous. on cooling ; 
and by treating this rapniioiiis pi>Muet with baiyta-watar, and decomposing the insolnbln 
barmm-aalt imh l^gj^jb^foric'aeid, cbolonie seid la separated, and may be obtained in 
shtnitig needles by w s t a l lisation fitmi alcohol 

ChSunwU of C*H**NaNO*, is crysUilUsable. 

You 1. % O 



CHbNDRIN — CfflONDRODlTE. 


In preparing cbolonic add hy the aetum of^ijdroebloric on gljcocholie add, aQoth« 
add is sometinies formed containing 1 at. H^Oless. (Strecker.) 



it : its separate identi^ was first established by Mnller. 

Chondrin, like gelatin, does not occur ready fbrmed in the organism, but is produroil 
by boiling certain tissues with water. All permanent cartflages in a healthy state ) iVli 
cuondrin when boiled with water; so does bone-cartilage or ossein before ossification ; 
but bone-C€urtilage after ossification yields gelatin by boiling ; so likewi e do tho 
tendons, skin, calves* feet, hartshorn, isinglass, and fisli scales ; also the permanent car- 
tildes when they become ossified by disease. • 

Chondrin may be prepared by boiling the cartilages of the ribs, larynx, or joints 
with water for about forty-eight hours, evaporating the liquid to a jelly, and 
this residue with ether to free it from fat. The cornea of the eye yields the simiy 
substance. 

Chondrin, when dried, is a hard, homy, diaphanous substiincc, which softens to a 
jelly in cold water, and dissolves completely in boiling water; it is insoluble in alcoln.l 
and in ether. The aqueous solution, when boiled for a long time, yiehls a substaiuo 
perfectly soluble in cold water, but resembling chondrin in all its otlior reactions. 

Nearly all acids, even organic acids, precipitate chondrin from its aqueous solution. 
The precipitate forme<l by hydrochloric, sulphuric, nitric, phosphoric, phosphorus, 
chloric, or iodic acid, redissolves easily in excess of the acid ; that formed by sul- 

E hurous, pyrophosphoric, hydrofluoric, carbonic, arsenic, acetic, tartaric, oxalic, citric, 
ictic, or succinic acid does not rcdissolve in excess of the acid emjjoyed. Stronj' 
sulphuric acid dissolves chondrin, forming a syrupy liquid, which, when diluted with 
water and boiled, yields leucine without glycoeine (IIopp). Sulphurous acid slowly 
decoiaposes chondnii. Nitric acid, liy prolonged action, converts it into xaTiifw-proieic 
acid. 

Alum, sulphate of alaminium, acetate and subacetato of lead, sulphate of copper, 
ferrous and ferric sulphates, ferric chloride, mercurous and mercuric nitrates, produce 
copious precipitates in a solution of ehoudrin, soluble for the most part in excess of the 
reagent. Ferrocyanide of pota sium produces no prt'cipitate. The precipitates fornioil 
by acetic acid, alum, and sulphate of aluminium dissolve completely on adding a suffi- 
cient quantity of acetate of potassium (or of sodium) or common salt Tho preeipitato 
formed by ferric sulphate redissolves on lieating the liquid. Mercuric chloride dors 
not precipitate a solution of chomlrin; aomotimes a slight turbidity is producctl, owing 
apparently to the presence of a little gelatin, 

Chondrin is esja^cial ly distinguished from gelatin by its precipitation by alum, sul- 
phate of aluminium, acetate of lead, the sulphates of iron an<l sulphate of copper, and 
oy its non-precipitation by mercuric chloride. (See Gbij^tin.) 

The aqueous solution of chondrin treated witli chlorine, yields a precipitate contain- 
ing C«H«ClN^O (?) (Schroder.) 

By dry distillation chondrin yields the same products as gelatin (q, v,) 

Mulder (Ann. Ch. Pharm. xxviii. 328) found in chondrin from human cartilage, 
49*3 per cent- C, 6'6 JI, 14*4 N, and 0*4 sulphur. Schroder also found in chondrin 
from the cartilages of the cow, 49*3 carbon and 6 6 hytlrogen. 

OHOm&OnXTB* HemipritmaHc ChrysoNte, Maclurdtf^ HumUe, Brucite (in 
part). — A silicate of magnesium containing fluorine; Aomotimes occurring in small 
implanted ciystals, but more frequently in crystalline grains or masses of soraewliat 
granular structure, imbedded ingranuiar limestone, as at Psjgas in Finland, at Akeranfl 
Qnlqo in Sweeden, in Sussex County, New Jersey, in Orange County, New York, and 
other localities. The variety called humite is from Vesuvius, where it occurs in ejected 
masses of a kind of granite rock, together with olivine, mica, and magnetite. 

The ciystals belong to the trimetric system, and are often hemihedral in octahednil 
jklanes, producing form.s of monoclinic character; ooP : ooF » 94® 26'. They are of 
three types, in which the axes have the following rutios : 


Tirpe I. 
Type IL 

TyP® IIL 


Macrodl^gonal. 
. 1*4678 

. 1 6727> 

. 1*4164 


llrscfa3:diagonAl. 

1 : 

1 1 

1 : 


PHnclfwl uii. 
1*0806 
10806 
1*0806 


Compound ciystals also occur. Cleavage indistinct. Specifie gravity 3T 18 to 3*22. 
Harness 6 to 6*6. Colour yellow or brown, inclining to rad and green, with waxy or 
glas^ Instre ; more or less tnmslueent. It is scarcely fusible befbre the blowpi^* 
gives the reactions of fluorine when heated with sulphuric acid, and with fluxes ttia 
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jMcDoiiiofinmandmlioa. DfaBolves in hydroehlorie arid, with — pamtinn nf 

^SWlC^m 

Anal^^^l- Seybert (Sm. Am. J. v. 336.— 2, 3, 4. Eammelsberg (iJfeiwwi/. 
chfmie, p. 443)* — 6» Fischer (SilL Am. J. £2] iz. 85.-6, 7, 8. Hammelibsrg {/os. 


): 


SIO*. 

Mg^'O. 

Fe"0. Fe»0». 

F, 

1, 

1 

i 

. 83«6 

64*00 

— 

2-33 

~ HF4-0g; 

9. 

„ iftiiow 

. 3.1*06 

66 46 

3*f» 


7 60 = 9a-7T 

3. 

PargAt. ffeUotB 


«;*6i 

a*ai 


Si'iS a 100*76 

4. 

.. • 

. 1S3 19 

64-60 

6*75 


9*69 — 103*11 

5. 

New Jertejr, red . 

. 38*35 

6.1-06 

650 

... 

7-60 = (KI'60 

G. 

Humite, tjpe I. . 

. 34 80 

60-03 

2*40 

ci7'o. 

8*47 — 100*76 

7. 

» type If. . 

. 88*96 

.67 99 

2*30 

0*70 

8*04 AHO» » 

S. 

tyiM* III. . 

. 30*67 

6G-H3 

1*67 

— 

2*61 — 97 78 


1*06 « IC0*38 


These analyses lead to the formula 8]!dg"0.3Si0*«(Mg")'*Si*0‘*a*2Mg''0.3Mg*Si0*, 
vheroin part of the oxygen is replaced by fluorine; or the mineral may bo ropresente^l 
as mode up of the two compounds : 

OP 8Mgn« 3SiF* = A 
and: Mg«Si»0'\ or 8MgU3SiO* - E 

in .various proportions, namely : 

Chondrodrite from Finland and North America » A 4- 12J7 
Humite from Vesuvius, typo I. ^ A + ISB 

„ „ typo 11. - A + 27B 

„ „ type III. - A + 36/i 

Chondrodite occurs altered to serpentine at Sparta, New Jersey, with spinel and mica 
(Dana, ii. 186.) 

0B019‘3>X4>0mir> A name applied to the tissues which yield chondrin when 
boiled with water, or rather to tlio substance which may bo regarded ns the basis of 
these tissues. 


OBOXrnxiOlTaS* Concretions occurring in tlie cavities and channels of tlio 
aniinal botly which are lined with mucous membranes, especially in the nose, gullet, 
tonsils, and bronchi® : they are produced, under almormal circumstnnees, fi*<>ni the 
secretion of these membraiuvs, their nucleus being sometimes a solid 1 ) 0 <ly neoidentally 
lodged in these cavities. They contain very variable quantities of water and animal 
matter, together with 50 — 80 per cent, of phosphate of calcium, 0 — 20 per cent, car- 
bonate of calcium, 8 — 12 per cenh carbonate or magnesium, and small quantities of 
soluble salts. (Handw. d. Cheni, ii. [2] 1106.) 

CBOmCAITB. A dense nnn-crystalliiio mineral from Elba, of spcciflc gravity 
2'91, hardness 3. Fracture conchoidal. White. Translucent at the edges. Melts 
with tolerable facility to a greyish-white glass, evolving bubbles of gas at the same 
time ; blue glass with cobalt-solution. I>issolves slowly in l>orax, yielding a glass 
dightly coloured by iron. Easily decomposed by concentrated hydrocliloric acid, with 
separation of silica, not in the usual gelatinous state. According to Keljell’s analysis, 
it contains 12'6 lime, 22'6 magnesia, I'iO ferrous oxide, 17*12 alumina, 35*7 silica, and 
9*0 water, a composition wlu’ch may bo approximately represented by the formula : 
9(2M*'0.Si0*),2(2Al*O*.3Si0*) +12 aq., which by substituting nl — J Al, may be re-* 
duced to 3(M'')*SiO*.2(aZ")®.SiO* + 4 aq. {^UammeUher ^ b Mincralchcmiet p. 868.) Dana 
regards chonicrite as a variety of pyrf>.sclerite (q. v.), 

OBBUMBTSB. a viscid translucent resin from Wettin near Halle, where it 
occurs as a coating on calcspar in a fissure. It has a shining lustre, and varies in 
colour from yellow to olive-green. Burns with flame and without odour. {Qermar, 
Veutacbe geoL Zcitschr. i. 40.) 

OBBXSXZBirXTB. Sec PunxiPSlTB. > 


CTcmmuncm* Chxoude. add uxvltica with nearly all bases. The salts are for 
WAtidy tLXv^ 'w\\?tv V\vv. 

The chromates of the alVali-mctiilH, and of strontium, calcium, and magnesium, sare 
Bohible in water : the others are insoluble, or sparingly soluble. 

With the alkali-metals, cliromic acid forms two series of salts, namely, neutral or 
normal chromates, M^CrO*, or M^O.CrO*, which are yellow, and acid chromatos, com- 
monly called bichromates, l!d*CrO^CrO*, or M*0.2CrO*, which have an orango-red 
rolcmr: a hjpera^ chromate, or trichromateof ^tossium, K*CrO*.2CrO*,or K*0.3CrO*, 
is likewise known. These salts are produced, either by direct saturation of the base 
with chromic acid, or by igniting chromic oxide with an alkali and a nitrate or other 
oxidising agent. ... . i 

The insoluble chroniateo are obtained by precipitation. Most of them are basic. 
Those which contain 3 at. baste metal to 1 at. chromium, may be called orthochro-* 
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mates, M'CrO*, car SSf’O.CrO”, the ordinary neutral chromates WCtO*, whicb differ 
from them by bei^ metachromates. 

A eolation of an alkaline chromate gives with a salt of barium, lead, or SiamutA, a 
yellow precipitate : with mercurous salts a brick-red, and with si/m'-saJts, a red-pnrpIe 
precipitate : all these precipitates are soluble in nitric acid. Chromates boiled with 
excess of hydrochloric '^e\d a green solution of sesquichloride of chromium. A 
chromate of alkali-metal b^led with sulphuric acid and a reducing agent, such as siu/ar^ 
alcohol, or tartaric acid^ yields a purple or a green solution of a cliromic alum. C’hrf)- 
mates heated with sulphuric add and common salt, give off yellowish-red vapours of 
oxychlori de of chromium. The chromates of the less basic metals give off oxygen 
when ignited, and leave chromic oxide : the acid chromates of the alkali-metals leave 
a mixture of chromic oxide and neutral chromate. Insoluble chromates fused with 
nitre, yield chromate of potassium, which may be dissolved out by water. 

Chromates in solution have a bitter metallic taste, and a poisonous action. 

Chuomates of Ammonium. — The netetral salt (NIP)*CrO^, is obtained by eva- 
porating a mixture of chromic acid with excess of ammonia, or by decomposing chro- 
mate of barium with sulphate of ammonium. Hirzel (Zeitschr. f. Phurm. 1852, p. 24), 
gradually adds oxychloride of chromium to excess of ammonia, and evaporates tlio 
solution at 60° C. Chromate of ammonium then ciy^stallises out, and may be purified 
by recrystallisation. It forms lemon-yellow needles, permanent in the air ; has a 
pungent taste and alkaline reaction. It is very soluble in water. Leaves chromic oxide 
when ignited. 

Acid salt, (NH^)*C^O^ or (NII^)*0.2Cr0*. — Obtained by dividing a solution of 
chromic acid into two parts ; saturating on© with ammonia, then aciding the other, and 
evaporating the whole over sulphuric acid. It forms orange-coloured crystals, perma- 
nent in the air, soluble in water, and yielding green chromic oxide when ignited. 
(Eichmond and Abel, Chem. Soc. Qu. J. iv. 199.) 

Darby {ibid, i. 20), by partially saturating chromic acid with ammonia and eva- 
porating to the crystallising point, obtained a compound of ammonia with chromic 
anhydride 2NH*.CrO*, which may be regarded as a chromamatt of ammonium, 

KH^(CrO^^|Q^ analogous to sulphamato of ammonium, 

Hyperacid salt, (NH«)*Cr0^5C^0* + 10 aq.. or (NH^)!^0.6Cr0» + 10 aq.— Brown- 
yellow, very efflorescent salt, obtained in ill-defined crystals by evaporating a solution 
of chromic acid half neutralised with ammonia. (Eamm els berg, Pogg. Ann. xciv. 
607.) . , 

A compound of chromic anhydride and sal-ammoniac, NH^Cl.CrO*, is obtained by 
adding oxychloride of chromium to a strong solution of Kil-ammoniac, in crystals 
having the same form and aspect ns the corresponding potassium-compound, but much 
more soluble in water. (P6ligot, Ann. Ch. Phys. [2] lii. 267.) 

Chromate or Barium.— The neutral chromate, 'Q sl'CtO*, is prepared by pre- 
cipitating chromate of potassium with chloride of barium or baryta-water. It is in- 
soluble iu water, but dissolves, with reddish-yellow colour, in nitric, hydrochloric, or 
excess of chromic acid, and is precipitated Irom the solution by ammonia. It is de- 
composed by alkaline carbonates and sulphates, even at ordinary temperatures, and 
jnore quickly when heated. It is used as a pigment called yellow ultramarine. 

Acid salt, Ba"C^O*.C^O^ or Ba''0.2CrO*. — A concentra^ solution of the^ neutral 
salt in chromic acid is decomposed by dilution, part of the salt being prMipitated, 
wUle an acid salt remains in solution, and may be obtained by evaporation in yel- 
lowish-brown stellate crystals, containing Ba"O.2Cr0* -i- 2 aq., which dissolve slowly in 
water, with separation of the neutral salt. (Babo, J. pr. Chom. lx, 60.) 

Ckroxatb of Bismuth. — When a solution of nitrate of bismuth is added to a 
moderately concentrated solution of acid chromate of i^tassium, leaving the latter 
slightly in excess, an egg-yellow, flocculent precipitate is formed, which afterwards 
becomes dense and ciystalline. It consists of 3Bi‘‘0*.2Cr0* or 7Bi*0*.2Bi*Cr*O'*; It 
is insoluble in water, may be dried without decomposition at 100° to 126° C., bat ac- 
Qoires a dark green colour when ignited, and retains this colour after cooling. It 
fflssolves in nitric or hydrochloric acid, forming a deep yellow liquid, which becomes 
iurbid on dilution, firom precipitation at b.v6ic nitrate or chloride of bismuth. If it be 
tieated with a small quantity of acid, a yellow salt remains undissolved, consisting of 
Bi*0*.2CrO* or Bi®0*.2Bi*Cr*0'*. The la tier may also be obtained by precipitating 
acid tfiiromate of potassium with a slightly acid bismuth-solution (J. Lowe, J. pr. 
Chem. Izvii. 288, 463). According to Pearson (iWd. Ixviii. 266), the precipitate 
fbrmed in the latter esse is Bi®0®.CrO*. and is pc^eetly insolable in water, so that it 
may be oonTeniently used for the estimation of bismuth. 
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Chboxatx of CAi»Miux.^Abn8ic8alt,5Cd"0.2Cr0* + 8 aq^or SCd*'O.2Cd''Cr0« 
+ 8 aq.i is obtoiDod as an orange-yellow precipitate, on mixing a oadinium-aalt with 
neutral chromate of p^ssium. On adding ammonia, the salt (NH*)*CrO*.(N*H*Cd)''0 
^ 2 aq. n obtained, which crystallises in transparent, bright-yellow, six-sided pyiamids, 
decompoeing when exposed to the air or immersed in water. 

Cbrohatb of CALCiux.—The neutral salt, Ca"CrO* + 4aq., is obtained by dis- 
solving carbonate of calcium in aqueous chromic acid, or as a light yellow precipitate 
by mixing concontmted solutions of chromate of potassium and chloride of calcium. 
It is moderately soluble in water, insoluble in alcohol; gives off its water at 2i00® C., 
and is afterwards very sparingly soluble. The anhydrous salt is used as a pigment. 
The acid salt obtained by dissolving the neutral salt in aqueous chromic acid and 
evaporating, forms red deliquescent crystals, containing Ca"CrO*.CrO* + 3«q. 

Chromate of Catcium and Potaeeium^ (KCa)Cr*0* + aq., obtivined by saturating acid 
chromate of potassium with hydrate of calcium, forms lemon-yellow, silky crystals. 

C HR o HATS OF Cxiiiuu, Ce"CrO*, is deposited as a yellow powder from a solution 
of carbonate of cerium in chromic acid. The iiltrato yields on evaporation an acid salt 
in red prisms, soluble in water. 

Chromate of Curomiom. — The brown oxides of chromium intermediate be- 
tween the eesquioxide Cr^O*, and chromic anhydride, (*r0*, may bo rogiirded as com- 
pounds of these two in various proportions, that is, as chromates of cliromium. (Sue 
Chkomium, Oxides of.) 

OuKOMATE OF CoBALT. — Solutions of cobalt-salts form with chromate of potas- 
sium, a light red-brown precipitate containing, according to Id arse a u and Malaguti 
(Ann. Ch. Phys. [3] ix. 431), CO^CrO* + 4aq., which is the formula of an orlhochfomuto. 

Cmbomatbs of Copper. — When impure cupric hvdrate is immersed in a strong 
solution of chromic ackl, a brown solution is formed wnich deposits a brown powder, 
probably a letrabasic salt, 40u''0.2CrO®, or 2Cu"0.2CV'Cr0* (Drdgo, Ann, Ch. Pharm. 
ci. 89). The solution filtered through twbesUis, and evaponited over oil of vitriol, 
yields, after a while, green ciystals, consisting, according to Kopp {^id. Ivii. 366), of 
cupric sulphate in which part of the sulphuric acid is repljiced by chromic acid (U*«SO* 
by U*CrO*, or S by Cr), The mother-liquor decanted therefrom, is free fn>m sul- 
phuric acid, and yields by evaporation, acid cupric chromate, Cu*CrO^,CrO* 
•f 2aq., in brown-black, deliquescent crystals, soluble in alcohol and in ammonia. Tlio 
aqueous solution deposits on boiling a brown insoluble salt. The crystals give off 
their water at 100° C., ai*d at a red heat the salt is completely decomposed. The 
tetrabasic salt above mentioned is deposited as a chocoLite- brown procipiUito, contain- 
ing 5 at. water, on mixing a boiling solution of neutral chromate of potassium with 
basic sulphate of copper. (Malaguti and Sarzeau.) 

Anammonw^hrmnate ofcojtper, 6NJl".Cu"0.2(V'Cr0‘ + aq., is obtained in dark green 
prismatic -crystals, by passing ammonia-gas into water in which totrabasLc chromate of 
■copper is suspended; tuml cooling the liquid below 0° C. It soon gives off iU ammonia 
when exposed to the air : and is resolved by water into insoluble basic chromate of 
copper, and a basic ammonio-chromato which dissolves in the watcT with emerald- 
green colour. The same basic ammonio-chroniate is obtained by tr^^ating acid cupric 
chromate with ammonia, _ 

Chromate of Copper and Potassium^ lC'‘^0.3Cu^0.3Cr0* + 3^., or Cu Cu 

+ 2aq., is obtained by treating recently precipitated cupric hydrate with solution 
of acid chromate of potassium, or by mixing a solution of cupric sulphate with acid 
chromate of potassium, and griulually adding caustic potash. The product is a light 
brown powder, consisting of microscopic, translucent, six-sided tablets, nearly insoluble 
in water, but dissolving with deep green colour in ammonia or carbonate of timmo- 
nium. The solution, if saturated while liot, deposits on cooling green (prisma having a 
strong lustre. 

CxEOMATB OF Glucikum 18 a yellow insoluble precipitate. 

Ch BO MATE OF I B o If Aqueous chromic acid dipstod with moist ferric hydrate, 
yields a brown solution, containing Fe*0*.4CrO*. The solution is not rendered turbid 
either by dilution or by boiling, and yields on Evaporation a brown resinous residue, 
soluble in water and in alcohol. The baeic eali is a brown powder, which is resolved 
by Water into ferric oxide and chromic acid. 

Chromates of Lead. — The neutral or metaebromate, Pb CrO*, is found ^tiveM 
Sed-lead ore^ Crooomte, or Lehmannite, in monoclinic prisms, in which the nitio of ths 
firthodiogonal, clinodiagonal, and principal axis is as 1*041 : 1 : 0*96, and the inclina- 
Uon of the principal axis to the clinodiagonal, 77® 30'. The pr^ominant faces site 
genemlly odF and -P: Cleavage most distinct parallel to ool. Specific grayity 
6 2 to 6T Haziness 2*6 to 3. The ciystals are translucent and of a yellow cofoEf, 
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with varioiis shades of bright hyacinth-red; streak orange^ellow. Sectile. Itooeorsiii 
decompcNied gneiss or granite, at Nischne Tag^k in the in Brazil, at Hetzbanya 
in Hungary, at Moldawa in the Bannat, and in Luzon, one of the Phillippine Islea' 

Nentw i^Tomate of lead is obtained as a ]^ht yellow insoluble precipitate, by 
mixing a dilute solution of a neutral lead-salt wi& neutral or acid chromate of potas- 
sium ; concentrated solntions yield an oimige-yellow i>recipitate. It may also be ob- 
tained by decomposing sulphate or chloride of lead with chromate of potassium. It 
is insoluble in water, slighuy soluble in nitric acid, easily in potash. At a moderate 
heat, it melts without decomposition to a brown mass, exhibiting a radiated structure 
when col^ and yielding a dark yellow, slightly hygroscopic powder. At a full red 
heat, it gives off oxygen, and is reduced to a mixture of basic chromate of lead and 
chromic oxide. Heated in a stream of hydrogen gas, it gives up 12 per cent, oxygen, 
and is reduced to a mixture of chromic oxide and metallic lead, which when heated 
in a stream of oxygen takes up 7 per cent, of that gas. (On the use of chromate of 
lead in organic analysis, see pp. 227, 232.) _ 

Chromate of lead is much used as a pigment, known as chrome-yellow, also 
lemon-ydlow, Leipzig yellow^ Paris yellow, &c. The finer sorts are prepared by preci- 
pitation, the commoner kinds by decomposing carbonate, chloride, or sulphate of lead 
(obtained as a by-product in the preparation of alum-mordants), with chromate of 
potassium. AccorcUng to Authon, 100 pts. sulphate of lead require for decomposition 
25 pts. of red chromate of potassium, and 100 pts. chloride of lead require 27 pta 
of red chromate. Chrome-yeUow exliibits various shades of red and yellow, according 
to its mode of preparation : it is often mixed with chalk, gypsum, heavy spar, clay, 
sulphate of lead, &c. Cologne yellow is a mixture of chromate and sulphate of leatl 
with sulphate of calcium, obtained by precipitating a mixture of the nitrates of lead 
and calcium with-a mixture of sulphate of sodium and chromate of potassium. It is 
not altered by exposure to air or light ; sulphuretted hydrogen turns it brown ; proto- 
chloride of tin and sulphurous acid reduce it ; alkalis turn it orange or red, by forma- 
tion of basic chromate of lead. It is used as an oil or water-colour, for lacquering, and 
may be mixed with many other colours without de<»omposition ; with Prussian blue it 
forms a green mixture, called chrome-groen, or green cinnabar. In calico- 
printing, clirome-yellow is formed on the fabrics themselves, by first steeping them in 
a solution of lead-salt, then iu chromate of potassium. Por dyeing silk and w ool it is 
not so well adapted. 

Basie Chromate of Lead , — A dihasio or tetraplumhio chromate, 2Pb"O.CrO* = 
Pb''O.Pb"CrO*, known in the arts as chrome -red, is produced from the neutnd 
chromate by digesting it with caustic alkalis, or with levigated oxide ot lead, or hy 
boiling it in the recently precipitated state with neutral chromate of potassium, or by 
fusing it with nitre. It is of a deep orange or red colour, according to the mode of 
preparation. The finest vermilion-red chromate is formed when 1 pt. of chiomc-yellow 
ss thrown into 5 pts. of nitre in a state of fusion, and Uio resulting chromate of 
potassium, together with the excess of nitrate, dissolved out -by^ater : the basic 
chromate of lead then remains in the form of a crj^stalline powder (Liebig and 
Wohler). An orange pigment may be obtained very economically, by boiling the sul- 
phate of lead, which is a waste product in making acetate of uluinma from alum by 
means of acetate of load, with a solution of chromate of potassium. The basic chromate 
of lead, forms a beautiM orange upon cloth, which is even more stable than the yel- 
low chromate, not being acted upon by either alkalis or acids. One method of dyeing 
chrome-orange, is to the yellow chromate of lead in fhe calico, by dipping it 
successively in acetate lead and acid chromate of potassium, and then washing it. 
This should be repeated, in order to precipitate a considerable quantity of the chromate 
in the calico. A milk of lime is then heated in an open pan ; and when it is at the 
pomt of ebullition, the y^ow odico is immers^ in it, and instantly becomes orange, 
being deprived of a portion of its chromic acid by the lime, which forms a solnble 
chromate of calcium. At a lower temperature, lime-water di^olves the chromate of 
lead entirely, and leaves the doth white. 

A see^iSaeio or hejydumhie chromate, 3Pb0.2Cr0* « Pb0.2FbCrO^ is found 
,natJve as Afelanochrotte, Phanicite, or Phanikochroite, at Beresof in the Ural, asso- 
.dated with crocoisite, vauquelinite, pyromorphite, and galena. It occurs in tabular 
crystals, apparently bdonging to the trimetne system, reticularly interwoven ; deaving 
p^eotly, in one direction; also massive. Specific gravity 6*75. Hardness 3 to 3*6. 
It baa a resinous or adamantine, glimmering lustre, cochineal or hyacinth-red colour, 
.becoming lemon-yellow on exposure to the air. Streak brick-red. Subtranslucent or 
opaque. 

A eirema^ iff lead a»d copper, of analogous composition, viz. 1 0.2 CrO*» 
called VaugudmUe, occurs at Beresof, at Pont Gibaud in the Pny de B6me, and 
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with tho cfocojmte of BiukiI, in raonoclinie crystala, nsiinlly miniite and inoffuli^ ^ 
Aggregated ; atoo ponifona or botoyoidats and gninolar ; amoiphoas. Specific mtitT 
6*6 to 6-78. Hardness 2-6 to 8. It has a dark green to brown colour, sometimes nearly 
black* with adamanUne or resinous lustre, often faint. Streak, siskin-groen or brownisSu 
Faintly translucent or opaque. Fracture uneTon, Bather brittle. (Dana, li. 860.) ’ 

CnnoiCAtB OF Lithivx, Li*CpO\ crystallises in orange-yellow, oblique rhombie 
prisms, easily soluble in water. 

Chbokatk OFMAQNBStuu, Mg^'CrO* + 7aq., obtained by evaporating a solutioB 
of magnesia in chromic acid, forms lemon-yellow crystals isomorphous with sulphate 
of magnesium. Specific gravity « 1*66 at 16® C. ^ 

Chromate qf Maancsittm and Amuwjtium, Mg"'(NH<)«Cp*0* + 6aq„ is isomorphous 
with the corresponding aulphato. 

Ghboxatbs of Maatoakbse.— a manganic salt, 3(Mn*0*.Cr0*).Cr*0* + Ooq., 
is precipitated on mixing sosquiohlorido of manganese with chromate of notassium’ 
(Fairrio, Chem. Soc. Qu. J. iv. 3i)0.) uu. 

A basic manganous chromate, •2Mn''O.CrO» + 2aq. =. Mn"O.Mn''CrO<, is obtained ns a 
crystalline precipitate on mixing manganous sulphate with neutral chromate of potas- 
bium. It is brown, translucent, and dissolves with orange-yellow colour in sulphuric 
and nitric acids (Waring ton, VInsiiixti, No. 513, p. 366.— Rein sch, Pogg. Ann. 

Iv. 97). According to Fairric, it contains chromic oxide. 

Chbomates of Mkiicurv.— J lfcrcMrtc metachromate, Hg''CrO\ is obtained 
by boiling equal parts of chromic anhydride and yellow mercuric oxide in water, 
and gnidually evaporating till the mercuric oxide (liaapjMjars, and rod crystals are 
formed in its place: the mother-liquor yields an ad<litioiml quantity by coiicentratioa. 

It forms dark garnot-red rhombic prisms, becoming darlMr-coloumi when lieated. 
They are decomposed by water, even in the cold, and completely when heated, yield- 
ing free chromic acid and amorphous mercuric twthochromatt, Hg*CrO*. They dis- 
solve readily in hydrochloric acid, and potash added to tho solution Uirows down yellow 
mercuric oxide, or perhaps tho orthochromate. Strong nitric acid converts them, in 
the cold, into an amur^^ous yellow compound, a large portion however dissolving; 
mixlerately strong nitric atjid and dilute sulphuric acid act iu tho same manner, ex- 
cepting that a larger quantity of the yellow compound remains undissolvod, 

Mrteuric orth*)ckromatc, Hg^CrO*, or 3lIg"O.CrO*, is obtained as a brick-rod pow-^ 
der on addi^ mercuric nitrate to acid chromate of potassium ; or by boiling yelloir 
mercuric oxide with chromate of |K)(assmm (Mil Ion). It is also produced, together 
with a loss basic salt, by precipitating tho mother-liquor of tho metachromate with 
carbonate of sodium. On boiling tho precipitate with soda-ley, an amorphous, yellow, 
heavy powder is precipitated, which appears to consist of 71fgP'0.2Cr0>, or 
HgO,2Hg*CrO*, Tho same salt appears also to bo obt4iinod by boiling recently pre- 
cipitated mercuric oxide with ocitl chromate of potassium, till it is converted into a 
brick-red poBafior^^ashing this powder repeatedly by decantation, and heating it with 
nuxlerately strodg^tric acid. It dissolves in strong nitric acid only when recently 
precipitated ; strong sulphuric acid, with aid of heat, converts it into white mercuric 
sulphate: hydrocliloric acid docis not dissolve it. (Geuthor, Ann. Ch. Pharm. cvi. 
244 .) 

A tetrahasie mercuric chromate, 4Hg"O.C^*, or 3Hg^0.1Tg"Cr0\ of dark violet or 
brown colour, is said to bo obtained by boiling rod mercuric oxido with chromate of 
potassium. When equivalent quantities of basic mercuric chromate and solution of 
cyanide of mercury and potassium are boiled together for some time, oxycyanide of 
mercury separates first, and afterwards a compound containing K^HgCy^ ana HgCrO*. 
(Gcuther.) 

Mercurous chromate, (Hg*)'^O.CrO* (Hg*)*CrO*, is obtained as a brilliant rod 

crystolli DC powder, by boiling the basic salt next to be described, with a small quantity 
of dilate nitric acid, or the double salt of cyanide of mercury and chromate of potas- 
sium with mercurous nitrate. 

Basic mercurous chromate, 2(IIg*)"O.CrO* » (Hg®)^0.(Hg*y'Cr0*, is obtained as a 
brick-red powder by precipitating mercurous nitrate with chromate of potsMinm. 

Both these salts when heaUri, give ofiT oxygen and mercury, and leave chromic oxide 
of a beautiful green colour. 

Chbomates of Molyrdemom. — ^The neutral salt dissolves in water with yel- 
low colour, and yields by spontaneous evaporation, white, scaly, neodle-shaj^ crystals.’ 

The. acid salt dries up to an amorphous brown mass. The solution of either salt 
mixed with ammonia yields a precipitate of basic chromate of molybdenum. 

Ohbomatb or Nicbei.. — H ydrate and carbonate of nickel dissolve in chromic 
srid with ycllowish-reil colour, forming an scid salt (Malag nti and arse an). Thw 
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Aoltttion of a oratral nickel-aalt boiled with neutral chromate of potaaeiuiz^ yields tn 
amorphous precipitate, consisting of 3KiH>.2NiCrO^+ aq«, and haying the colour of 
^^paiuBh tobacco. If this or the soluble salt be corered with ammonia, a heavy yel. 
^^•green crystalline powder, 3NH*.Ni0r0*4|aq. is formed, which is decomposed by 
air and water. 

Ckbokatbs op Potasszuk. — Three of these salts are known, viz. : 

Neutral chromate, monochromate, or I ^ ^ . 

metachromate of potassium { iC*O.CrO*. or K«CrO‘ 

Acid or dichromate . ... K*0.2Cr0*, or K*CrO*.CrO* 

Hyperacid or trichromate • . . K*0.3CrO*, or K*Cr0^2Cr0*. 

The neutral and acid salts are important articles of manufacture, being extensively 
used in dyeing and calico-printing, and for the preparation of chrome-yellow and 
dirome-red ; &q as oxidisi^ agents : the acid salt is most used, because it contains 
a larger percentage of chromic acid. 

The chromates of potassium are prepared by igniting chrome-iron ore, a compound 
of sesquioxide of chromium and protoxide of iron, in contact with alkalis and oxidising 
agents, and lixiviating the fused mass with water, A yellow solution is thus obraincd, 
from which, by quick evaporation, the neutral salt is thrown down in yellow crystallme 
granules ; and by redissolving this granular salt in water, and leaving the solution to 
evaporate slowly, the salt is obtained in regular ciystals. The concentrated solution 
of the neutral chromate, treated with one of the stronger acids, yields the acid chro- 
mate ; and by evaporating the solution to the crystallising point, picking out the crystals 
of acid chromate from the nitrate or other potassium-salt formed at the same time, 
and recrystalllaing several times, the acid chromate is obtained in large tabular crj'stals 
of on orange-red colour 

The process first adopted for the preparation of chromate of potassium, was to cal- 
cine the ore with nitre; but it may be rendered more economical by substituting 
carbonate of potassium (pearlash) for a portion of the nitre ; and still more by dis- 
pensing with the nitre altogether, and efi^ting the oxidation of the chromic oxide by 
means of air admitted into the reverberatory furnace in which the calcination takes 
place. But whether nitre be used or not, the oxidation is still found to be imperfect, 
because the alkali fuses into a thin liquid, and the chrome-iron ore, being very heavy, 
sinks to the bottom, and thus remains to a great extent unaltered, especially when the 
oxidation is effected by contact with the air, an inconvenience which is but imperfectly 
obviated even by continual stirring. But by adding lime to the mixture, as first pro- 
posed by Stromeyer, it is rendered less fluid, and a moderate amount of stirring then 
suffices to keep it well mixed, so that the oxidation takes place with much greater 
facility. It is found, indeed, that when lime is added, the nitre may be altogether dis- 
pensed with, and its place supplied by carbonate, sulphate, or chloride of potassium, 
which are cheaper. Mr. Tilghman has patented a process foi^the use of felspar as a 
source of idkali, 4 pts, by weight of that mineral being calcined in a reverberatory 
fUrnace, with 4 pts. of lime or an equivalent quantity of chalk, and 1 pt of chrome- 
iron ore. Mr, &oth of Philadelphia subjects the chrome-iron ore to a preliminary 
ignition with coke or other carbonaceous material, whereby the iron is reduced to the 
metallic state, then removes the iron by means of dilute sulphuric acid, and subjects 
the chromic oxide thus purified, to calcination with alkali and nitre ; by this means, 
the portion of oxygen which would be expended in converting the protoxide of iron 
into sesquioxide, is rendered available for the production of chromic acid. The pro- 
duction of sulphate of iron incidental to the process tends to deffay the expense. 

Jacquelain prepares acid chromate of calcium from chrome- iron ore, and converts 
that salt into acid chromate of potassium by double decomposition. The chrome-ore, 
after being ground to veiy fine powder and sifted, is mixed with chalk in rotating 
barrels, and the mixture is spread in a layer to 2 inches thick on the hearth of 
a reverberatory furnace, heated to bright redness for nine or ten hours, and stirred 
at least every hour. After this treatment^ the mixture has a yeUowish-gmn colour, 
dissolves in hydrochloric acid, and with the exception of a certain (quantity of sand, 
consists essentially of netUral chromate of calcium Ca'^CrO* mixed with oxide of iron. 
This mass is mund to powder by millstones ; the powder is stirred np with hot 
water, and sultmuiic acid is added till a slight add reaction becomes apparent.^ The 
neutral chromate of calcium is thereby converted into acid chromate. The Uquid also 
eontaiitf sulphate of iron, which is precipitated in the same vessel by stirring up with 
ehallc, %hich does not afifect the chrome-salt The predpitate having settled down, 
the clear solution of acid chromate of calcium containing a little sulphate is run 
and mey be used, without farther treatment, for preparing by double decompoeition, 
qirid dttomate of potassiuDb chromate of lead; either neuti^ or basic, and chromate of 
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Bine. To obtain acid chromate of potaaaimn, the Bolution of acid chromate of caloioia 
is treated with carbonate of j^tassium, which throws down carbonate of calcium in a 
form eaaj to wash, leaving acid chromate of potassium in solution, which may then be 
evaporated and ciystallis^. The chief advantages of this process are that it lequire&jf 
lees stirrinff than the ordinary method, even when lime is used, and that it avoi^ tb^' 
loss of alkiui, which always ensues (to the amount of 9 or 10 per cent.) when the mix^ 
taro of chrome-iron ore and potassium-salt is raised to a bright red heat (For ihrthei^ 
details on the manufiMture of alkaline chromates, see Ure*$ Dietianarjf of 
Monufacturea^ and dftnes, i. 684 ; and Biehardoon ami Wattd Chemieal Jkoknoiocv^ 

I [4] *59.) 

a. Neutral Chromate o/Po<<isst«m,K"CrO*. — ^Thissalt is obtained by neutn- 
lising the acid chromate with an alkali, or by igniting chrome-iron ore with excess of 
alkali (p. 936). It crystallises in double six-sided pyramids, belonging to the trimetric 
system, and isomoiphous with sulphate of potassium : hence it is capable of crystallising 
with the latter in all proportions. It has a pale lemon-yellow colour, an alkaline re- 
action, and a cooling, persistently bitter taste : it is poisonous even in small doses. 
Specific gravity 2*70fi (Kopp). 100 pts. of water at 15® C. dissolve 48^ pts. of this 
salt, and in boiling water it dissolves in all proportions. It possesses great colouring 
power, 1 jpt. of it imparting a distinct yellow tint to 400,000 pts. of water, end a deep 
yellow colour to 20 pts. of nitre when crystallised therewith. It is insoluble in alcohol, 
and is precipitated by alcohol from its aqueous solution. The solution yields by eva- 
poration, red crystals of the acid chromato, and the alkaline mother-liquor after- 
wards deposits yellow crystals of the neutral salt. The neutral ehromate acquires a 
transient red colour when heated, melts at a higher temperature, and solidifies in the 
ciystulline form on cooling. It is not decomposed by simple ignition, but when heated 
to redness in contact with charcoal, sulphur, sal-ammoniac, and other reducing agents, 
it forms chromic oxide together with a potassium-salt. It is decom)>osed by acids, 
even by carbonic acid, yielding the acid cfiromute of potassium. Sulphydrio acid and 
sulphide of potassium decompose it, with formation of chromic hydrate ; sifiphurous 
acid forms at first brown oxide of chromium, then a chromio salt. According to 
Schweizer (J. pr. Chem. xxxix. 267), arsenious. acid forms with it a gelatinous 
mass, which after drying at 100® C. contains 4K*O,3Cr*O*.3A8®OM0H’O. 

b. Aeid ChromatBt K*0.2CrO* — K*CrO*.CrO*. Nichromate of ,Potath^ Red 
Chromate of Potash, — This salt is obtained by treating the solution of the neutral salt 
with one of the stronger acids, or by precipitating a solution of acid cliromato of 
calcium with carbonate of potassium (p. 936). It separates by rapid evaporation as 
an oran^-coloured ciystalline powder, and by slower evaporation in splenilid garnet- 
red tables or prisms, belonging to the triclinic system. It is permanent in the air, 
reddens litmus, has a cooling, bitter, and metallic taste. Its powerful oxidising pro- 
perties cause it to exert a poisonous action on the animal economy, both internally and 
externally ; the workmen engaged in its manufacture suffer greatly from malignant 
ulcers. It dissolves in 10 pts. of water at 15° C., mucli more u>>undantly in boiling 
water; it Is insoluble in alcohol. It melts at a licat below redness to a transparent 
red liquid, which by slow cooling yields large fine ciyutols, having the same form as 
those obtained from the aqueous solution, but crumbling to powder at lower tempt^ra- 
tures. At a white heat, it gives off oxygen, leaving neutral ebronmte mixed with 
chromic oxide. Heated with charcoal, it is reduced, with slight detonation ; paper or 
calico saturated with the solution and dried bums like tinder when heated. Paper 
thus saturated acquires a darker colour by exposure to light, but remains unalterea in 
the dark : hence it may be used in photography. Heated with strong sulphuric acid 
it gives off oxygen (about 16 per cent, by weight), and yields water and potassio- 
chromic sulphate (chrome-alum). 

K*Cr»0» + 2H*SO^ « (Cr»)^K*(SO«)» + 4H*0 + 0». 

It is also reduced when heated with sulphur or sal-ammoniac. Bulphydric acid pre- 
cipitates from its solution a mixture of chromic oxide and sulphur. Bulplmrous acid 
colours it green without forming a precipitate, from formation of chromic sulphate and 
hyposulphate. A solution of the salt in boiling hydrochloric acid deposits on cooling 
chromo- chloride of potassium (p. 938). The solution of acid chromate absorlai a con* 
siderablo quantity of nitric oxide, acquiring a dark colour, and depositing after a while 
brown oxiM of chromium. , i . . j 

A oonoentrated solution of the acid chromate mixed with strong sulphune add, 
yields a deep red precipitate of chromic acid. ^ ... 

A donble salt, composed of sulphate and acid chromate of potasejum^ is obtained by 
mixing a concentratM solution of the acid chromate with a quantity of sulphuric acid 
Jess tSon sufficient to convert the potassium into acid sulphate. It ciystallisro on 
cooling in stellate needles. (Rein sc h.) 




whan expos»i to the air, and melt — 160 ® ^C. 

ChromaU ^ Potaaaium K(NH«)GrO\ ciyetailiaeB fw. 

anlnHnn nf Acid chromato of TX>taiSsium sat:nni.fAd ,^iaa 


turns reddish-yellow. 


261.) 


Chromate of JPotassium with Mercuric Chloride, K®Cr0*,2Hg''Cl* ' 
obtained by mixing ^le component salts in equivalent proportions, and adin* 
sufficient hydrochloric acid to redissolre the precipitate first produced. Small sliehtl 
reddish crystals, which form a yellow solution in water. Another salt, K*CrO^ CrO^ 
HgCP, is obtained^ in red spicular crystals, by mixing acid chromate of potassium 
and mercuric chloride in equivalent promrtions, and leaHngr the solution to evanoraio 
(Darby, Chem. Soc- Qu. J. i. 24.) 


Chromate o f Potassium with Mercuric Light 

yellow laminar crystals, obtained by evaporating a solution df 1 pt neutral chromate 
of potassium and 3 pts. cyanide of moTcury, (Darby,) 


CAromo-cAforide of Potassium, KCLCrO^ =: which 

is analogous in composition to tho triacid chromate K^CrO*,2CrO^, is obtained by 
dissolving together,, with aid of heat, 3 pts. acid chromate of potassium, and 4 pts. 
hydrochloric acid, avoiding evolution of chlorine. It crystallises in fiat, red, rect- 
angular prisms, and is decomposed by solution in water. 

. ^CuBoicATBS OF Si^vBK. — Tho ncutral salt, A^CrO\ is obtained as a red 
pri^ipitate by di^mposing neutral chromate of potassium with nitrate of silver, or 
by, boiling tlie acid «ily|Hrf*salt with water, whereby is partly resolved into chromic 
acid and^e neutral chromate, which then separates in crystals green by transmitted 
light, send yielding a red powder. A solution of the acid salt in ammonia deposits 
the neutral salt on evaporation, iu dark green metallic crusts. 


^ Acid Chromate of^ Silver, Ag^CrO*.CrO", is obtained by immersing metallic 
silver in solution of acid chromate of potassium mixed with sulphuric acid, or by 
precipitating the same acidulated solution with a silver-salt. It has the colour of 
carmine, is partly soluble in water, and m^jstallises therefrom in triclinic prisms, 
having a dark brown colour, red by transmitted light, and yielding a red colour. 

AmmoniO’Chromate of Silver, 4NH^Ag*CrO^ separates from a hot solution 
of chromate of silver in ammonia, in yellow, square prisms, iSomorphoua with tho 
corresponding salts of sulphuric and selonic acid; they give olf ammonia when 
expos^ to the 


Chbomatbs OF Sodium. — Two of these salts are known, namely, tho neutral 
cAro^afs, Na*CrO*, and tho acid c6ro m aie, Na*CrO*.CrO* They are analogous 
in all respects to tho neutral and acid chromates of potassium, and may be prepared 
in like manner. Tho neutral salt, which may also, according to Johnson (J. pr. 
Chem. Ixii. 161), be obtained by saturating a solution of acid chromate of potassium 
with carbonate of sodium, and leaving it to evaporate at 0° C., crystallises at low 
temperatures in yellow transparent crystals, containing Na*CrO^^10aq., isoraorphous 
with Qlauber salt; they melt at the heat of tho hand, deliquesce rapidly in the air, 
are easily soluble in water, sparingly in alcohol, and when immersed in alcohol, 
become opaque from loss of water. The aqulbus solution evaporated at temperatures 
above 30® C., deposits the anhydrous salt. 

Acid chromate of soditim, Na*CrO*.CrO*, forms thin, hyacinth-rod prisms, 
very soluble in water. 

Chromatb of Stbontium. — ^Light yeOm powder, obtained by precipitation ; 
soluble in hydrochloric, nitric, and chimmieracifi ; rather more soluble m water than 
the barium-salt. 


Chbomatbs of Tin. — Stannic ch1o|;^e forms with chromate of potassium a yel* 
low precipitate, which becomes bzownish-yellow and translucent when diy, and passes 
into violet stannic chroii||f)|p when ignited. 

Stannous chromate is precipitated in yellow curdy flocks, when stannous chloride 
is added with stirring to exce^ of chromate of potassium. If the contrazy course be 
adopted,' a greenish-vmite precipitate is formed, perhaps consisting of chromic stannate. 
The salt leaves a violet residue when ignited. 

TTbanig Ohromatb. — Uranic nitrate forms an ochre-yellow precipitate with 
lieutial chromate of potassium. The yellow rough-tasting solution of uranic carbonate 
in aqueous chromic acid, yields small fieiy-red ciystals. The salt melts at a gentle 
heat, with partial decomposition. 
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CKJtoMAT« ow Vaka.i>xi71i.-— T he brownlidi^T^ow^a^^ tMUMlio l^diAte 

la aqueous ehromie «eid, jriel^ on evaporatioi^ U ahinin^ duk brown, Tumiah-lik^ 
which diasolyes partudly in water, forming • yellow liquid. 

Chbokutb ow Yttbiux.— ^S oluble salt, erystaUising in small yellow prisms. 

CxBOMaTB OF Zxwa^Sulphate of sine, mixed with neutral chromate of potas* 
sum, forms a yellow precipitate of a basic salt Malas^ti and Sarseati, by tr^thig 
carbonate of sine with pure chromic acid, obtained'U yellow isiystalUne basic salt, eon* 
taining 4ZnO.OrO* + 6aq., or Zn*CrO*jZnH*0* + 4aq. By boiling this salt with 
chioimc acid as long as anything dissolves, the same chemists obtain^ a soluble non* 
crystalline salt, 2Zn''0.8Cr0*, or 2ZnCrO*.CrO». 

^mmoaio-cAromo^e of Zinc , — ^The tetrabaaio salt repAtedly treated with a,m* 
moula, yields yellow cubic crystals, containing ZttCrO*,NH* + 6aq. I^luble chroma^ 
of sine, 2ZnO.CrO*, treated with excess of ammonia and then with alcohol, yieldi it 
copious precipitate, consisting^ microscopic needles containing 6NH*.22^CrO* 4-914. 
(Malaguti and Sarseau.) 

Chromate of Zinc and Poiussiiiw.— The precipitato formed by chromate of 
potassium in sulphate of zipc, if left for some time under the liquid, changes to an orange- 
yellow powder, consisting' of the double salt. It is sparingly soluble in cold water, but 
imparts a yellow colour to a large quantity of the liquid; in boiling water, it diai^vei 
with deep yellow colour, withjieparation of a lighter coloured basic salt. ‘When ignited, 
it leaves a dark brown residu6,rilrom which water extnicts neutral chromateof potassium, 
leaving a compound of sesquioxide of chromium and oxide of zinc. (Handw. d. Cheik 
ii. [2] 1246.) 

CBSOMS AKUBIa This name is applied to the double sulphates of ohroraium 
and the alkali-metals, analogous in composition to conunon alum and isomocpho^ 

therewith, s.y. potassio^ehromie stdpheUe, K*(Cr*)’‘(SO*)* + 2411^0 ¥ 


CBAOBn OBSair. A name applied somotimes to green oxide of ol^fomiuiii, 
sometimes to the pigment produced by mixing chrome ydlow with Prussian bine. 
(See Chuomatu of Lbah, p. 934.) > 

CKBOMB XBOW O&B. Chromic Iron^ Chromate of Tron^ ChromeieensMn, 
JSiacnchromt Ferrochroniate. — This mineral, which is the most abundant oreof cliromium, 
usually occurs massive, with fine granular or compact structure, fortiiing veins or itu- 
bedded masses in serpentine; more ra^ly in regular octahedrons, with imperfect 
cleavage parallel to tho octahedral faces. Bpocific gravity 4*32 to 4 ’67. Ilardnom 6*6. 
Colour brownish-black, or iron-black. Streak brown. Lustre submctallic, inclhlinfi; 
to waxy. Opaque. Brittle, with conchoidal or uneven fracture. Sometimes magnetic. 
Before tho blowpix>e it does not fast, but becomes more strongly magnetic. With 
borax or pbosphorus-salt it fuses with difficulty, but completely, to a.heautif^ green 
globule. . ' 

Chrome iron ore belongs to the spinel group of minerals, whoso general formula is 


Tho bivalent motal is chiefly iron, but magnesium is 


M"0.E*0* or The bivalent motal is chiefly iron, but magnesium is 

generally also present in considerable quantity, and in some specimens a small portion 
of tho chromium appears to exist as chromosum. Tho trivalont metal R is prin- 
cipally chr(fmium, but it is replaced to a considerable extent by Hluminium, and 
sonietimos also by iron (fcrricum), so that tho general formula of tho mineral is 

(C^* numerous analyses that have been made of it, wo 

select tho following as samples of tho different varieties : a, from Baltimore, Maryland, 
by Abich (Pogg. Ann. xxxiii. 335) ; 5, from Voltorra, Tuscany, by B,echi (Hill. Am. 
J. [2] xiv. 62); c, from Texas, Lancaster county, Pennsylvania, by Frank© (Ram- 
mdeberg^g Mineralchemie) \ rf, from the same, by Garrett .(Sill. Am. J. [2J xiv. 46); 

crystallised, from Baltimore, by Abich (loc,cit,);f from Berosow, Siberia, by 
Moberg (J. pr. Chem. xliii. 119): 
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BeeideB the AboT^jbeaHiiefl^ elixon^ is found in ^ islands of Vast and Fetlar 

in the Shetland groups in the DdparteBl^t du Var in France, in Silesia and Bohemia 
at Bdraas in Norwtty, near KranVI%^ Syria, abundantly in Asia Minor and the 
Eastern Urals, and in sereral pmrtt of Khrth America. It assists in giving the green 
colour to rerd-antique marble. The ore nseddn this couutiy is obtained chiefly from 
the Shetland Isles, Norwa^^^d Baltimore, the quantity amounting to 2000 tons an- 
nually. j(Dana, ii. 106 } ^R!dmmel 06 efy*B 172.) 

mOUa^mOJkrn This name was gireit &eShaupt to an enmrald-grcen 
i with nacreous lustre from the Pinzgau. v 

-OOBML Katiwe chromic oxide. 

t and OBAOim-TBXi&OWs See Chromates of I«ad (p. 934). 
»MZC JLOm. (pp. 93^ 952).— CBBOnma. Syn.wiih Crromb-Irux Oer. 
OnXTJBS* ^ Compound of sesquioxide of chromium witilf protoxides (p. 951). 

! CaptOMIllFMBr^ ' 8 i/ntbol Gr, Atomic weight 52*2. — This metid was discovered by 
T!'#u^elin m 1797V t It is nqt^ery abundant, and never occurs in the free state. Jt 
tt jftwd as sesquimme ichroi^~o<mre\ as sesquioxide combined with protoxide of iron 
(ciheifK^iron ore\ as chnjittath of lead {crocoisite or Fed lead-spar ^ p. 934); in small 
many iron oses, and^||requently in meteoric iron ; it is also the colouring 
^ many mineraJis, as, me emerald, green seipentine, olivin, &c. 

i abi^dant ore ojf eftomium is chrome-iron. This mineral ignited with al- 

m'preiiin^e^^ o^^ agents, yields a chromate of the ulUi-metal; these salts 

' iddB and reducing agents yield sesquioxide of chromium; and from this 
metldiitsdlf, and many of its comfibunds, may bd prepared. 
jNaniluin is obtain e^by reduction of the oxides or chlorides, as when ses- 
^hrh^um is mixed with one-third of its weight of lamp-black or sugar- 
exposeil in a crucible lined with charcoal to the heat or a blast furnace; 
thereW obtained as^a whitish-grey mass, which cannot bo melted together 
^ Pmi^t^" by hthM^g the violet sesqivichloride of chromium with potas- 
. the me^ m ihe'form of a dark grey i>owder. Fr^my, by heating the 

, |ube and passing vaf^ur of sodium over it in a current of 

...j, obtii|lk^ it ifl .^e^^a'd shining oystais. Bunsen, by electrolysing a sol li- 
the sesqvilll^idbi the metal in brittle laminae, having the colour of iron 

krlilgfnetaUic lusire. AccO^j^g to Berzelius, when sesquichloride of chromium is 
gSrod in an atmosphere of nydrogen, there is obtained, besides the protochloride, a 
[j^dlj^jf^dieposit of metallic chromium. ;; 

(Ann. Ch. Pharm. cxi. 230) obtains metallic chromium by reducing the 
s^idi^de with zinc. One pt of the violet sesquichloride, and 2 pts. of a mixture of 
t^lighlerides of potassium and sodium (7-pts. chloride of sodium to 9 pts. cliioritle of 
pililpfeuill) are ^osely pressed into an oran^y earthen crucible, 2^ pts. of zinc nru laid 
mixture^ 'Wnd li^e wliole is covered^Wth a layer of the flux. The crucible is 
hb^d to redness, and the rnkss is kept in a stote of fusion, till a hiss- 
is heard, and a e^Kc-flame is observed on removing the cover for a raonieiit. 
The e!i;jueible la^en tak^ out, gently tapped to cause the inctul to collect, and left to 
cool, A good re^hlus of zinc is then found at the^bottom covered with a green slag. 
This reffulus is well washed with w'ater and digested in dilute nitric acid, whicli dis- 
solves the zinc, and loaves the chromium in the form of a grey (>owder, which must be 
purified by again boating it with nitric acid and washing. By this method AVbhlvr 
obtained 6 or 7 grms. of metal from 30 grnis. of the chloride, the calculated quantity 
being 10 grms. Magnesium may be used in the ri*duction insU^ad of zinc, but it oflTcrs 
no particular advantage. With cadmium as the reducing agent, a violent explosion 
occurred. 

Chromium obtained by Wohler’s process is a light green, glistening, czystalline 
powder, which, when magnified fifty times, exhibits aggregates of c^stals like fir- 
branches, interspersed with individual crystals of tin- white colour, high lustre, and 
specific gravity 6*81 according to Wohlei^ 7*3 according to Bunsen. These crystals, 
according to Wohler, have the form*of a vmy acute rhombohedron ; but according to 
Bolley (Chem. Soa Qu. J. xiii. 384), «liil*:^|X8mioed them with a magnifying power 
of 85, they are quadratic octahedrons wiMl||^ipfninated summits and bevelled terminal 


ley \ 

edges, and very \ 
example known of an 


' united by fiSiuipm'^e form of a cross. This is the third 
lementaiy bodyi crystallising in the dimetric or quadratic 
aystjun^ the others being tin and boron ; as a general rule, ductile metals ciystallise 
in ^etnonometric or regular system ; l^ittle metals in the hexagonal ^steim 

Wbhler’a chromium does not exert the slightest action on the magnetic needle. 
When heated to redness in the air, it acquires a yellow and blue tarnish like steel, and 
gradually becomes covered with a thin^Am of green oxide; but the oxidation is by no 
sseans oompletCL Thrown into a iqnrit flame fed with oxygen, it bums with sparkling, 
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l»ut oot BO brightly as iron. ^ On malting of poUtsiiim it bnmi irith danliiig 

white light Mating nitre oxidises it veij^Mdily^ but without ineandescenoe. In 
melting carbonate of sodium it remains iinaWedu' Heated in cldorine ms, it exhihita 
vivid incandescence. It is but supei^cially wnTerled into green oxide by ignition in 
a stream of aqueous vapour from air. Hydrochloric acid ditwolves it readily, with 
evolution of hydrogen, forming blue chromous chloride. X^ute sulphuric acid does not 
act upon it at ordinal^’ temperatures, but on applying a gentle heait a violent action 
sudd^ly takes place, and W Remaining metal acquires the ^wer of dissolving casiW 
in the modi ^ute sulphuric acid, even after washing. It is not attacked by nUne 
acii either concentrated or dilute. (Wohler. I 

The properties of chromium differ considerably, according to the manner in wtapr 
it is prepared, the jpwuliarity doubtless depending chiefly on the state of nggrefs*^ 
P^ligot's chromium Wdised with mat facility, takijg Are in the air, even at a 
below redness, and %e^ converted into green seac^uioxide. It likewise dissolTed 
dilute sulphuric and hydrochloric aeids, and was^idised by nitxtif^id. 

The crystals of ohiiomium obtained by Fr^my belong accoj^ing ^ S^armon^ to tlwt 
regular system. They were not attacked by any acid, imt even d/ rntromdriatifr ad^ 
Chromium may be polished, and then acquires a fine metallic lustre. When it 
is even less fusible than platinum (Devil I e, Pdlyt Qentralbi 18d7/p. 606). 
ment of it scratches glass ; it is gt least as hui\l us cflhindum, ; 

Chromium unites with bromine^ chlori^u, fiuorine^ cyanog0^'^it\ 

pb(t 9 phoru 8 fj 6 Si^ sulphur^ also with aluminium and iron* Therchtte J 
chromium-eompoun^ into which the chroiniuin enters as the poaikhik^ 

Tnent, namely, the chromous cohipdiilnds. in which it is bivaUnti 
Cr"SO\ &C., and the chromic compounds, in whichlt is trivalevit, 

Cr*(SO*)*, &C, It likewise forms an oxide or nnliQ^ide, CrO», 
atomic, andto thia there corresponds a class of salts, the chroniratea, lii^ ^nuch tlm 

chromium likewise enters as a triatomic radicle, ch^>^lat•^of lead, ^ 

OMmornimc, Bmosmstt ox*. The anhfirima €z*Bif, nmg^jbe ^ 

prepared, like the chloride, by pas^g broroine>vapou3^ Oter mixtiire of* 

chromic oxide with charcoal and starA-paste, Part of ^e t*esultuig^ bromide tHili 
sublimes beyond the mass of oxide, while another TOriii<^ Veniains Uierein in er| 
line scales, which, however, are easy to separate. It foim olack semi-nictallic 1 
gonal scales, translucent with olive^grcen colour, and exhibiting in one din 
faint red dichroism. It forms a ycflowish-grecui powder when trituniteil, ,i 
form also part of the compound sublimes during the preparation. It is ^ ^ 

when pure, but dissolves to a green liquid if mixed with protobromide. It is deftb mjjgl ^d 
by alkalis more easily than the chloride.. When gently heated in hydrogen 
reduced to the white dibromi do, CrBifi which on expt^suiw^ air 
liquesces to green oxybromide. (Wdhle£ Ann. Ch. Fharm. Im.'Sgx.) 

A solution of chromia bromide is obtain^ by d i ssol ri nnyhroihic hydrate fn 
bromic acid, or by treating chromate of silver with hydwromic afjd and alcofal^ 
The solution yields green crystals, and is easily decomposed by ^aporation, with 
formation of oxybromide. 


CBatOMKXinifp CB&OUZIISS <MP« Two chlorides of chromium are known in 
the free state, viz. CrCl* and CJs’CP. A hexchlorido, C^P, mav also be supposed to 
exist, combing with chromic anhydride, in chlorocliromic anhydride, CrCP.l'rO*. 

DiCHi-OKina OP Chromium or Chkomous CuLoitiDK. CrCl*. (Mober^, 
JT. pr. Chem. xxix. 176; Piligot, Ann. Ch. Phys. [3] xii. 627.)— This compound is 
obtained by passing h3’drogoii gas over perfectly anhydrous trichloride of enromium 
very gently heated, as long as hydrocliloric acid gas continues to escape. The hydrogen 
must be previously freed from all traces of oxygen by passing it through a solution 
of stannous chloride in caustic potiish, then through tubes containing sulphuric acid 
and chloride of calcium, and last over red-hot metallic copper. The dichloride is 
also formed hy passing dry chlorine gas over a red-hot mixture of charcoal and chromic 
oxide. The first method yields the dieU^de in the form of A white, velv©^ sub- 
stance, retaining the form of the trieli|firi!|h from which it has been formed ; tho 
second method yields it in fine white usually, mixed, however, with chromic 

oxide, ehiomie Aloride, and charcoal. ... 

Dichlorid« of chromium dissolves in water, wi*h evolution hcrt.t, forming 
solution, 'which rapidly toms green when exppsed to the air or to cblonne With 
potash it forms a £rk brown precipitate (yellow, according to Moberg, if we air be com- 
pletely excluded) of hydrated chromous oxide, which, however, quickly changes to light 
Drown chroinosoehroniie oxide, with evolution of hydrogen. Ammonia fo^s a sky- 
blue precipitate, which tnrns green on explore to the air. With ammonia and m 1- 
ammonia^ a blue liquid ia formed, which turns red on exporare to the air. StUphids 
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otpotaashm fo^s a black precipitate of chromous sulphide. The soh. 
tion of diebloride of chromium is one of me most powerful deoxidising agents known 
With a solution of neutral chromate o/^potasehm, it forms a dark brown precipitate 
of diromtAochromic oxide, which, howeter, disappears on the addition of an excess 
of the dichloride, and forms a ^en solution. It precipitates calomel from a solu- 
tion of corrosiTe sublimate. With cupric salts, it forms at first a white precipitate of 
cuprous diloride, but when added in excess, throws down red cup^us oxide. It in- 
stantlj conTerta tungsHa acid into blue omde of tungsten, and precipitates gold from 
• the solution of the cblo^Si ^ , 

A solution of chrombw boride, containing zinc, may be j^taiiied, according to 
iioewel (J. pp. Chem.bdi. ll)> by pouring a solution of the trichlorido, or of chrome- 
alum^ in 3 to 5 pts. water, ra^e as neutral as possible, into a bottle nearly flUd 
%ith granulated zinc. Hydrogpn is then ewolred for some hours, and a fino Lino 
liquid is formed, which, if left to stand in contact with the zinc, continues slowly to 
evolre hydrogen anAdeposit a light grey chromons oxychloride, and after four or six 
months becomes perfectly colourless. 

Tbichlobidb op Chbomiuk. Chromic Chloride. Cr®Cl« — ^Tho anhy- 
drous trichloride is prepared by igniting an intimate mixture of chromic oxide and 
charcoal in a stream of dry chlorine gas. A mixture of the oxide with lamp-black is 
made up into filets with starch ; these are well baked in a covered crucible, and 
. then inbKxluced into another crucible, through the bottom of which there passes a 
'porcelain tube connected with an apparatus for evolving chlorine. Into the mouth of 
this crucible is fitted a smaller one, placed in an inverted position. The lower 
crucible stands on the grate of an ordinaiy air-furnace, and as soon as the apparatus 
is filled with jir^^lorine, the mixture is heated to bright redness, the firing being 
so regulated as to keep the upper crucible comparatively cool, so that the chloride :ih 
it is produced may sublime into it. When the process is completed, the stream of 
chlorine must be kept up till the apparatus is cool, to prevent the formation of 
8e6quioxi£^ or piotochloride. The trichloride is then washed with water to free it 
firom chloride of aluminium derived from the crucible. If it contains dichlorido. 

. whidt is-the case i^tho stream of chlorine has not been stronj^ enough, it will dissolve 
during washing (Wohler, Pogg. Ann. xi. 148). The trichlonds. may also be obtained 
by heating the sesquisiilphide in a stream of dr}^ chlorine. (^Be'tzelius.) 

Anhydrous chromic chloride forms shining micaceous laminae, of a beautiful pearh- 
blossom colutv^ whidh mily be rubbed on the skin like talc. It is quite insoluble in 
cold Water ; but, if boiled in the finely divided state with water, it slowly dissolves 
and forms a gr^n solution. If the cold water contains in solution a small quantity of 
chiomous chloride, not oven exceeding to trichloride dissolves imme- 

diately, with evolution of heat, forming a green solution identical witlf that obtained 
by disfl^lviDig chromic hydrate in hydrochloric acid. The effect is perhaps duo to the 
^ibraMtk>Xl bf an intermediate chloride, which is immediately resolved by the action of 
water into dichloride and thu soluble green modification of the trichloride, the 
dichloride thiis liberated again acting in the same manner (see p. 943). The addi- 
tidn of a small quantity ox Mannous or cuprous chloride is said to produce the same 
cfiect. - * 

Anhydrous chromic chloride is not decomposed by sulphuric acid, either strong or 
dilute, or by hydrochloric, nitric, or nitromuriatic acid, or by ammonia, carbonate of 
potassium, or carbonate of sodium; caustic potash attacks it but slightly at the Imiling 
'neat. Fused with nitre and an alkali or alkaline carbonate, it yielms a chromate and 
chloride of the alkali-metal. Potassium, zinc. See., separate metallic chromium from 
it. Heated in a stream of hydrogen, it yields chromous chloride, and if the heat bo 
stipng, metallic chromium is likewise separated. Heated to redness in the air, it gives 
off chlorine and yields green chipniic oxide. By ignition in phosphorvtted hydrogen 
gas, it is converted into phosphide of cliromium. Heated with sulphur, or in a stream 
ot sulphydrio gM gas, it yields sulphide of chromium. Ignited in ammonia gas, it 
forms nitride of cht^ium. 

By dissolving ^fbmic oxide in hydrochloric acid, or by l^oiling chromate of lead or 
silver with hydrod^toije acid and alcohol, or even with excess of hydrochloric acid alone, 
a green solution is bblmne^ containing the modification of chromic chloride which cor- 
responde to the green chromic oxy-smts (p. 950). This solution, when evaporated, 
yields a non-crystalline dark green syrup, which, when heated ta lOO® C. in a stream 
of dry air, yielw a green mass containing GrK^l* 9H*0 (Mo berg, J. pr. Chezn. xxix. 
175). The same solution evaporated in vacuo yields green granular ciykals containing 
Ch*CP.2H*0. (Piligot, t5&, xxxvii, 475 J) 

Hydrated chromic chloride heated to 250^ O. in a stream of hydrochloric acid or 
riilorinegas, gives ^ its water and yields delicate peachblossom-coloured s^ei^ which 
are soittme in watev^eind even deliquescent ; but» it more strongly heated in either of 
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• Ihafe gaso^ it tq siiblime, and tha sublimed chlmide thus obtained isinsolnblo 
in water, like that obtained by idling chromic oxide with charcoal in a stream of 
chlorine* The anhydrous chloride ^not be obtained by heating the hydrated cldorido 
in the air: for hy^hloric acid# then given off and soluble oxychlorido produced, 
afterwards an insoluble oj^chlonde, and the residue ultimately consists of sreen 
chromic oxide* dn this respect, the iiyoraKHi vrichloriilo of chroiniuiu resemblea the 
corresponding compounds of iron nnd rt luTiiininm. ^ 

Nitrate of sUTevodded to. a groen solution of chromic chloride, throws down at first 
only of the ohlorhie ; but on leaving the liquid to stand, or on boiling it^ the whoU: 
of the chlorine is precipitated. This effect was attributed M Berzelius to the teiulency " 
of chromic chloride to form double salts ; by Otto to the 8<dubility of chloride of silver 
in chromic nitrate. 

A solution of eh^ric chloride, corresponding to the violet solutions of the chromic 
salts of oxygen-acids, may be obtained by preeipitafing one of these violet salts by an 
alkali, and dissolving Iho precipitate<l hytlrato in hydrochloric acid ; also by tlecom- 
posing the violet sulphate ^dth chloride of barium. F rom these solutions nitrate of 
silver immediately throws down all the chlorine. If, however, the violet solution of 
the chloride bo boiled, it turns green, and after this change the chlorine is but partial/ 
precipitated by nitrate of silver. 

Chromic chloride unites with the chlorulcs of the more basic metals, forming stilts 
containing 2MCl.Cr*Cl*, orM*Cr*Cl*, of which however only the potassium, sodium, ami 
ammonium-compounds have been investigated. They are obtained by mixing the cor- 
responding acid chromates with excess of hydrochloric acid and alcohol, and evaporutiiig 
over the wntor-bath till the mass turns violet. The double chlorides thus obtain^ 
Iwcorao green and deliquesce on exposure to the air. Treated with a small quantity 
of cold water, they dissolve, with deep ycllowish-rcd colour, wMch in a short time 
passes into pure chromc-green. If the solution be tlien loft to evaiK>rato, the alkalino 
chloride separates out, and the chromic chloride remains in the form of a green synip. 
These double chlorides belong tliercforo to the violet moiM lieu t ions of chromic salts, but 
are decomposed by water into chloride of alknli-mctal and green chromic chloriile, 
which does not fonn d<^nble chlori<les. The effect of chromous, stuiiiious, and cuprous 
cliloricles in facilitating the solution of anhydraiis chiYunic chloride in water (p. 013) 
pn)biibly depends W^n the formation of analogous double chlonMcs, If the double 
chlnrido dccomposea by slow evaporation bo mixed with hydi*ochloric acid and evapo 
rated to dryness oViw the water-bath, the double chloride is repiHx|ucod. When tlio (Iry 
double chlorides are treated with absolute alcohol, green enromfe chloride dissolves, 
and a rose-coloured salt remains, consisting, according to Berzelius, of ^Cl.Cr*Ci*. 

CKlIOMrirM, BSTXCTXOSr AWB S8TXMATXOX OF. t. All compounds 
of chromiiimjgnitcd with a mixture of nitre and an aJkcdinc carhonatr yitAd a chromato 
of the alkali-metal, which may be dissolved out by water, niid on l)cing neutralised, 
with acetic acid, will give the characteristic precipitates of chromic acid with lead and^ 
silver-salts. 

The oxides of chromium and their salts, fused with’Aw^ra? in <Hthcr blowpipe flame, 
yield an emerald-green glass. The same cliaracter if^exhibited by those salt# of 
chromic acid whose buses do not of tbcmsolves impart deeded colours to tluj bead. 
The production of the green bead in l>oth flames aisfingnShes chromium from ura- 
nium and vanadium, which give green beads in the inner flamo only. 

2. Reactions in Solution . — The chr^jmic salts exhibit two principal modifleations, 
the green and the violet. AmTnonia produces in solutions of the groen salts, a groyisli^ 
green precipitate; in, solutions of the violet salts, a jjToyish-bluo prccipibito, b<jfh 
of which however yield green solutions witli sulphuric or hy<lrochloric acid. Tho 
liquid above the precipitate has a reddish colour, and contains a small quantity 
of chromic acid. Potash and soda form simihvr precipitates, wlvch dtsHolvo in 
excess of the alkali, forming green solutions from which tho chromic oxide i#^^ 
precipitated by boiling. Tho alkaline earhonaUs form greenish precipitates (triplet 
by candle-light) which dissolve to a considerable extent in j^css-^f tho reagent. 
Sidph^rio acid forms no precipitate ; sulphide of ammonium . tHVowit down tUo 
hydrated sesquioxide. “ 

Zinc, immersed in a solution of chromo-alum or trichloride of chromium, excluded 
from, the air, gradually reduces tho chromic salt to a chromous salt, the liquid after a 
few hours acquirte a fine blue colour, and hydrogen being e%'olvcd by decomposition 
of water. If ibezulc ^ left in the liquid after the change of colour from.grccn to bluo 
is complete, hydrogen continues to escape slowly, and the liquid, after some weeks or 
inonthis, is found no longer to contain dirOmium, the whole of tliat metal being pre- 
cipitated in the form of a basic salt, and its place taken by zinc. at a ttofling 
heat^ likewise reduces the chromic salt to a chromous salt, bat only to a limited extent | 
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th* liquidio'«bdl after the actioa Ceaaed, a cDOtranr aetion f.v 
riace, ^dich^»M» ^ duwntuin dec<)m^^ tl^Aloride of tin pwTiouBW 
Aduoing the tin tdShe metallic state, and being :^f recQuyeitad into gesonichl^ 
/«m does not ftduce chromic salts to chromoiis' aalta,|rift-m^ly precipititw & w 
Bolphate of cl^?oinic oxide, or ato oxycblonde, sb the caB^ ii]|rhe. ^ 

ChromouB ealtB are but rarely met with in solution : fof ^ir characters, see bi. 

CHLOEto* OF. CmjiMflirM (p. 

Chromi 0 $^Si«"its salts m ijftognised in solution by foming i^pale yeiw 
cipitate wSh Sarium-ealte, bright yellow with Uad^salte, brick rod with mercumt- 
salts, and crimson wititsiivsr-a&lts (p. 932), . 

3. Quant it h^’ive E^ti7nation,-^Chromiiim is usually estimated in thestatecf 
sesquionde, Jf^ea it exists in solution as a chromie salt, it may be precipitated hy 
az^ioimt care being taken to avoid ii^rge excess of that reagent (which would dissolve 
a portion), and to neat the liquid for some time. The chromic oxide is then com- 
pletely precipitated, and the precipitate, after washing and drying, is reduced by 
^ftion to the state of anhydrous ses^uioxide, containing 69/1 per cent of the metal. 

chromium exists in solution in the state of chromic acid, it is best to precipi- 
tate it by a solution of mercurous nitrate ; the mercurous chromate thereby thrown 
down yields by ignition the anhydrous sesquioxide. The chromic acid might also be 
precipitated and estimated in the form of a barium or Jead-SB^lt. 

Chromic acid may also be estimated by means of oxalic acid; which reduces it to 
sesauioxide, being itself converted into carbonic acid. The quantity of carbonic anhy- • 
dHae evolved determines the quantity of anhydrous chromic acid present, 3 at. CO* 
corresponding to 1 at. Cr*0*, as shown by the equation : 

i 2CrO* + 3C2H*0* - Cr*0* + 6CO* + 3H»0. 

The mixture may be heated in the carbonic acid flask represents in jSq. 6, p. 119. 
If the object be merely to determine the quantity of chromium present, any salt of oxalic 
acid may be used ; but if the alkalis are also to be estimated in the remaining liquid, 
the ammonium or barium-salt must be used. 

Lraatly, chromic acid may be estimated by Bunsen’s volumetric method. The chromic 
acid IB decomposed by boiling with excess of hydrochloric add, whereupon 1 at. chromic 
aiihy<^de eliminates 3 at. chlorine ; 

* Ik, 2CrO’ + 12HC1 Cr*Cl« + 6H«0 + 3C1»; 
and the 3 at. chlorine passed into a solution of iodide of potassium, liberate 3 at. 
iodine, which is estimated by a standard solution of siUphurous acid, as described under 
VoLUKETBic Awaltsib (p. 264), so that 3 at, iodine correspond to 1 at. CrO*. 

4. Separation of Chromium from other Elements, — Chromic oxide, in 
the state of neutral or acid solution, is easily separated from the alkalis or alkaline 
rari^ by precipitation with ammonia, care being taken in the latter case to protect the 
liquid and precipitate from the air. The same method, with addition of sal-ammoniac, 
Berves to separate chromic oxide from maffneaia. The separation from the alkaline 
eaxths and from magnesia may also be effected by precipitating the whole with an 
alkaline carbonate, and igniting the precipitate with a mixture of carbonate of sodium 
and nitre. The chromium is then converted into chromate of sodium, which may be 
dissolved out, axild the so^tiovLaitair neutralisation with nitric or acetic add, treated 
with mercuroxis nitrate 4lr ab4m 

'Erovdaltimina and ghseina, chromic oxide may be sepiurated by treating the solution 
with excess of potash, and Milipg the liquid to precipitate the chromic oxide. The 
ration is, however, n^ore oom^etely effected by fhsing with nitre and carbonate of 
im, treating the fh|[94 >^388 with water, adding an excess of nitric acid to dissolve 
thing tha^ inay be iifiDluble in water, and precipitating the alumina or g^ucina by 

ho4 of converting chromic oxide into chromic acid, and thereby effecting 
i feom the sbove-mentioned oxides, is to treat the mixture with excess of 
the iolntion gently with peroxide of lead. The whole of the chro- 
h^n'^hvexted into chromic add, and remains dissolved as chromate of lead 
^ Hqnid; and on Altering m>m the excess of peroxide of lead, and any 
ihiidme matter that may be present, and supersatuMting the filtrate with acetic 
ah^ the chromate of lead is piedpitated. (Chancel, Compt. rend, xliii. 927.) 

'Ilhtomie acid may be separated ffonathe alkalis in neutral solutions by predpita- 
txon with mercnhiixs nitrate ; also by reducing it to chromic oxide with bydrocmoric add 
and alcohol, predpit|||ng hj ammonia. From the earths it may a^^ be separated 
", by fhsing with carbonate of aodinm, dissomng ont 

I^ns jplil, «t^ hi o k et, Oek0t ^ 
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fttsion with nitre 4^ wbonata of or inth the carhonete alone if itli|||i|n^ iii 

liie form of ohroniK acid. (^, ajgajgl the separation maj be effiMted^ measSlcpotiiih 
and peroxide of lea4» aceor^ng to Chancers method awre deMh*ftla. ' 

The separation of cfaoB pam f l^ manganese cannot be elFectea ii^db^iate^ in thie 
manner, beeaase ^e mM^^BOias^is at the same time converted into maaganate or per* 
manganate of sodiiu^ &t on dissolving in water and adding alcohol to the eoluuon, 
the manganeee is Moeed to peroxide and completely nrecipitated, while tha.hhromiam 
remains dissolved as Clufomate. >v 

From Htaniumt tantalum, and colum^umi chrontftim, if in the state hlfaeaciuioxide, 
may be separated by fbsinff the mixture with nitre and alkaime carbonate extracting 
with water, reducing the chromium to the state of sesquioxide by boiling with hydro* 
chloric acid, and precipitating by ammonia. 

From copper, tin, and the other metah^of the first group (p. 217)> chromium 
is separated by sulpbydric acid. 

To estimate^ chromic acid in presence of attlphuric acid^ the chromium is first re- 
duced to sesquioxide as^ above ; the sulphuric acid is then precipitated, after conside- 
rable dilution, by chloride of barium ; tlie excess of barium is removed by sulphurio 
acid : and the chromic oxide precipitated by ammonia. 

When phosphoric acid is present in solution, together with chromic acid, the phos- 
phoric acid is precipitated as phosphat-e of magnesium and ammonium, and then tho 
chromic acid by any of tho preceding methods. 

Hydrochloric add is separated from chromic acid by nitrate of silver, and the excess 
of silver is removed by sulphuretted hydrogen, tlie chromic acid being at the same 
time reduced to sesquioxide, which may be precipitated by ammonia. 

Sifidc acid is separated from chromic acid in tho same manner us from all other 
substances, and the chromium is afterwards precipitated as oxide. 

When sesquioxids of chromium and chromic acid occur together in solution, tho 
chromic acid may be precipitated by mercurous nitrate, the solution being first com- 
pletely nentralise^ ana the sesquioxide precipitated f^m the filtrate by ammonia, 
which at the same time throws down a mercuiy-compound, to be afterwards separated 
from the chromic acid by ignition. 

Valuation of Chrome^oree . — The value of a chrome-ore depends upon the 
quantity of chromic acid that it will yield. To ascertain this point, the ore is calcined 
with a mixturb of nitre, alkali, and lime, the use of the lime being to keep th^ mixture 
in a pasty condition, and prevent the heavy ore from falling to tho bottom i^see p. 036), 
after which the soluble chromate is extracted, and the amount of chromio acid may 
Mien be determined by any of the methods already given. 

Professor Calvert of Manchester, has given two processes for the valuation of chroma 
orea (Chem. Soc. Qu. J. v. 194.^ 

a. The ore in fine powder is mixed with three or four times its weight of soda-limo 
(obtained by slaking quick lime with caustic soda, then drying and calcining the mass), 
and to this mixture of soda-lime and ore is added one-fourth of nitrate of sodium. The 
whole is then well calcined for two hours, care being taken to stir the pasty muss 
every quartet* of an hour with a platinum wire. This mixture not becoming fluid, the 
ore IS constantly kept in contact with the oxygen of the atmosphere, and thus the oxide 
of chromium is converted into chromic acid. One treatment is generaU|y sufficient for 
the complete decomposition of the ore. ^ 

I'he greater part of the mass is now’ dissolved in water, .god the insoluble portion 
treated with sulphuric acid diluted with twice its bulk of watihr; tbo whole is then re- 
moved ftom the crucible, and a little alcohol is added to the solution in order to render 
the sulphate of calcium insoluble. The whole is next tbrownoa a filter and washed with 
w'eak alcohol, which dissolves aU the acid chromate foimM, oiSl leaves the sulphate 
calcium, together with any portion of ore that may not have been attacll^ The st4r 
phate of cfdcium may be removed by washing the filter with boiling epte and^Hto '^’ 
residual ore, if any, is to be recalcined. z ' 

The solution containing the acid chromate of sodium is now neutndii^ ^ 
ammonia, and oxalate of ammonium is added, which gives rise to a smal^recijpitoto bf^ 
sesquioxide of iron, alumina, and oxalate of calcium, together with % lime sitea ^is^!^ 
solved the sulphuric acid. The precipitate having been separated aiid ifell whsh^ . 
the liquor is either mixed Wfirii alconol to reduce the chromic acid to the rtate Of ses- 
quioxidei, which may then be pfrecipitated, washed, dried, ignited, and weighed ; gr, 
^tter, the liquor is rendered aci<C and the amount of chromic acid estimated by 
PennT> proees^Chem. Soe. Qu. J. iv. 239) with dichloride* of tin (commonly called 
protoehioride), niis method depends on the reaction of 4i^londe oOiii with acid 
chromate of sodium or potassium in presence of free h^^jcochlorie 

• Atomic •* Wa 
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: FLiTJORir^BiS** 

. tlie .dielilOnde of tin ib converted into tetracli2oiii||| n4 the (diromic acid into sesanl. 

+ liHO = 8Sadl‘^+ isfaa + 7HK) + C»*C1* 

A ot tin of known skeiu^<t » added to the eolntion of and 

eliromate^^ Bo^um, till the latter is completely deo^posed, — ^which may be known hj 
the solntion Jenger giving a yellow precipitate with acetate of lead — and the 
quantity of acid (^romate present is calculated from the amount of tin in the solution 
used* Penny has shown, by direct experiment, that in the above reaction, 100 pts. of 
metallic tin correspond to 83*2 pts. of^iicid chromate of potassium, or 78*4 pts. of acid 
^romate of Sbdium* 

b, Xhe^pelyHi^Tl^Ud ore is calcined with nitrate of barium, a small quantity of 
caq^wjMs^ Ming added towards the end of the operation to facilitate the action, and 
givwSi^^^Siiiiate of potassium. The pasty condition of the fused baryta prevents 
the to the bottom, and thus keeps it in contact with the air. On cooling, 

the, lSS||jBt^$S^&d its contents are immersed in dilute nitric acid, wMch dissolves the 
gTeal^ ,p<^on of the mass, leaving the unattacked ore, which, after being washed, 
may be recalcincd. The liquor containing the acid chromates of potassium and 
barium, nitrate of barium, sesquioxide of iron, alumina, and lime, is first heated with 
sulphate of potassium, which throws down the baryta as sulphate, which is collected on 
a mter and washed ; ammonia and oxalate of ammonium are then added to throw 
down sesquioxide of iron, alumina, and limei the mixed precipitate is collected and 
washed ; and the amount of chromic acid determined as before. 

5. Atomic Weight of Chromium, — Berzelius, in 1818 (Schw. J, xxii. 53), esti- 
mated the atomic weight of chromium from the composition of chromate of lead, loo 
pts. nitrate of lead (containing 67*31 Pb^O), yielded by precipitation with chromate d 
potassium, 98*772 pts. PbO.CrO*; whence, taking the atomic weight of lead at 207*18, 
that of chromium was found to be 66*28. 

P 511 got, in 1844 (Ann. Ch. Phys. [3] xii. 528), showed that this number was too 
high. Prom the analysis of chromous chloride, CrCl=*, in which he found 66*7 to 68*1 
per cent, chlorine, and likewise from that of tlm acetate, he estimated the atomic 
weight of chromium at 62*48. 

Berlin (Ann. Ch. Pharm. Ivi. 207; lx. 182) analysed chn^mate of silver by pre- 
cipitating the silver with hydrochloric acid, then rt^ucing the chromic acid in the 
filtrate to chromic oxide, and precipitating by ammonia. Prom the quantity of chloride 
of silver obtained (Ag — 108 ; 01 =» 36*206), he found, as a mean of five experi monte, 
Or » 52*68, and by comparing the quantity of chromic oxide precipitated with the 
ori^nal quantity of chromate of silver, Cr s 62*54. 

Berlin likewise adopted the method of Berzelius, and found that 100 pts. nitrate of 
lead yield from 97*659 to 97 '604 pts. chromate of lead, whence, as a mean result, 
Cr * 61*98. 

Moberg, in 1841 (J. pr. Chem. xliii. 114; xliv. 322), estimated the atomic weight 
of chromium by the analysis of chromic sulphate and of ammouiacal chrome-alum. 
Prom the quantity of chromic ox de in the sulphate dried at 300° C. he found Cr «b 63’10, 
from that which remained after heating ammonio-clirome-alum to bright redness, 
Cr « 6#60. 

Lef art, in 1860 (J, Pharm. [3] xviii, 27), determined the quantity of baryta in 
chromate of barium, by dissolving the salt in nitric acid and precipitating by sulphuric 
add. In fourteen experiments he found that 100 pts. chromate of barium yielded 
60*35^ 60*01 baryta; mean 60*19: whence, if Ba« 137*12, CrB53’28. 

Lastly, Wil den stein, in 1863 (J. pr. Chem. lix. 27), determined the quantity of 
.^hromate of barium precipitated lirom chloride of barium by neutral c^mate of 
potassium. As a mean of 82 experiments, ho found that 100 pts. chromate of barium 
4|C<orr5Bpond to 81*70 of the chloride; the limits were 81*62 and 81*86. .If then Ba = 
137*12 and 01«86*46, the value of Cr is 63*62. 

As the px^pitation of baryta by sulphuric add is afiected by an error arising from 
the caci^^dlitf down of a portion of the dissoI^Md salt with the precipitated sulphate, 
^wd as moreover the atomic weight of barium Is liotvexy exactly known, it is proliable 
tha%tha detenmnationa of the atomic weight of by Berlin and by P^ligf't 

are tim most exact, and the number 62*48 may ife e<:ii|iisred very near to the true 
value. (Handw. d. Chem. Aufl. ii. [1] 482.) ^■>1 

OMmOBSnnMI* niMOJtmmm OV. Chr^te/luoride, Cr*F*, is obtained 
by treating the eeequiozide, dried, but not ignited, with excess of hydrofluoric acid, 
and^ heating the dried mass veiy strongly in a platinum cmdble. It is dark gre^n, 
melte ,at high temperature, and is but very slightly volatile, even at the melting 
point df Jttel.' When snl^ject^ to the highest temperature prodneed by a lamp urged 

■ The strength of a rolutlon ef dtehlorMe of fin fs most ewUr Mcerts(|hM hf means of a standard 
Solution of acra chromate of . 
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by btiUowii, it mii>lime8 in B^in|MgttIar octnhedrons (D«vill«, Ann. Oh. flutm. 
cf. 197). _ Bernelins obteined jranen crystalline salinb mass. 

Chromic fluoride unites ras^uorides of ammoniuiii, ] 
forming groen sparingly soluble compounds. 

Hfix/iuoride, CrF*.— This compound, discovered by UuvelSorb^, is ciil&tied by 
distilling 1 pt, of chromate of Ijj&d with 1 pu Hiior ti[»ar and 3 phK f^gxing oil of 
vitriol in a leaden retort, and collecting the vapours in a perfectly dry leaden iweiver 
kept at a very low temperature: it then condens^^s to a blood-rod, strongly fuming Ihj^uid, 
which becomes gaseous again at a tempej*atare very little higher. The vapour is r^, 
and when inhaled, produces violent coughing soveiv o]>prt>8sion of the lungs. It 
is decomposed by water, forming hydrofluorio’'hnd chromic aculs, and when it mixes 
with the air, forms a thick white fume, coloured orange-yellow omthc*edgos niinute 
particles of chromic acid. With ammonia it unites, acoonliug to 

a yellow volatile body ; but, according to llerzelius, it is decompos^Vidhpii^glbt ex- 
plosion, producing nitrogen gas, water, and hydrofluoric acid. ‘ other 

reducing agents, oi^gtmic as well as inorganic, abstract part of the fluorin^Jwn^4he 
sesquifluoride. Silicic acid decomposes it immediately, forming fluoi*id^'*^f*'Silfchini 
and chromic acid ; hence it corrodes glass ; it may be kept, however, for a while ip 
glass vessels coated with resin. 

H, Rose (Pogg. Ann. xxvii 665), supposed that the formula of this compound was 
CrP* because it contains more fluorine Oian the formula OF* requires, and its decom- 
position by water is attended with evolution of oxygen, as well os the formation of 
chromic and hydrofluoric acids. Berzelius, on the contrary, was of o^iinion that the 
excess of fluorine above 6 atoms arose from admixture of liydrofluoric acid, and that the 
evolution of oxygen in its decomposition by water, was due to the previous mixture of 
that gas with the vapour of the fluoride, inasmuch as the residue obtained in the pre- 
paration of the compound always contains chromic oxide. 

A fluoride of intermediate composition between the sesqui- and tri-fluorides is ob- 
tained in solution by dissolving brown oxide of chrominm in hydrofluoric acid. The 
solution is red, and yields by evaporation a rose-colouriKi stdt, which is redissolved 
without alteratiou by water, and precipitated brown by ammonia. 

CBROBKZirMf lOnznas of. CAr^w iodide, Cr’I*, is obtained in solution 
by dissolving chromic hydrate in hydriodic acid, or by treating chromate of silver 
with hydriodic acid and alcohol. It is green, and yields by evaporation a gn^on 
glassy residue, which splits into small pieces on cooling. It is insoluble in cold, easily 
soluble in warm water, but docs not separate out again on cooling. No other iixiido 
of chromium is known with certainty. 

CBOROaCZ D1IK| BZT3RZBB OF. Cr*N^7 This compound is produced when 
sesquichloride of chromium is heated in a stream of ammouia-gos : probably thus : 

3Cr*Cl* + 2GNH* « 2Cr»N* + 18NH*C1 + 3H»; 


also when chlorochromic anhydride is treated in a similar niannor. It is a brown 
powder, which, when heated to 160® — 200® C. in a stream of oxygen, takes fire and 
burns with a light, giving off nitrogen |;as and a small quantity of pernitric oxide, 
and leaving trichloride of chromium. (I ..1 oh ig, Pogg. Ann. xxi. 369.*— Se||r otter, 
Ann. Ch, Pharm. xxxvii. 148.— Om. iv. 139.) 

CBBOncZVM, Oaczsas of. Chromium forms several compounds with oxygen, 
namely, the protoxide, CrO, the aeaquioxidet CriO’, the trioxide, or chromic anhydride^ 
CrO* ; also an oxide, Cr*0^, intermediate between CrO and Cr*0*, and severikDXides 
intermediate between Cr^O* and CrO*. 

Pbotoxtdbof CuBOMiuM. C H R oMOD s O X ID B, CrO. (Moberg, J.pr. Chein. 
xliv. 322. — P61i got, Ann. Gh. Phys. [3] xii. 628.)— This oxide probably exists in some 
specimens of chrome-iron ore (p. 939) and in pyrope. It is prcKiipitat^ as a hydratev^ 
by the action of potash on a solution of the protocnlorido. The anhydrous protoxide 
has not b^n obtained. The hydrate, 2CrO.H*0, is very unstable, decomposes water 
even at ordinary temperatures, and unless carefully protected from the air, by preci- 
pitating with a well-boiled solution bf potash, is converted, as soon as it is formed, into 
chromoBo-chromIc oxide, ipth eviction of hydrogen. It must be dried in an igmo- 
sphere of hydrogen. It |jil||w6f^ recently precipitated, brown when diy, and 
may be preserved unaltor^n ^ air. When ignited, it gives off hydrogen and leaves 
sesquioxide: 2CrO.H»0 - CrW^T H*. 

Chromous hydrate is insoluble in dilute acids, but dissolves slowly in strong acids. 
The chromous salts are most easily prepared by mixing a solution of the proto- 
chloride with the potassium or sodium-salt of the corresponding acid. They are 
generally of a red colour, sometimes inclining to blae, diss^ilve but sparingly in cold 
water, more readily in hoi water, like ferrous salts, they dissolve laige quantities of 
• 3 P 2 
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nitric oxide, forming dark brown eolutiona. (For their' other reactions, see Di- 
CHLOBIDB OF ChBOMIUK, p. 942.) ^ 

-Oh&omOSO'Cbboxic oxidb, C^•0^ or CrO.Cr*0*. — Formed when protochloride 
of chromium is precipitated by potash without the precautions above mentioned for 
excluding the air. After washing in water and drying in the air, it has the colour of 
fipanish tobacco. It is but slightly attacked by acids. 

Sbsuuioxidb of Chbomixtic. Chbomic Oxidb, Cr^O*. — This oxide exists in 
chrome-iron ore (p. 939} and in chrome*ochre. The latter occurs as a yellowish-green, 
earthy or argillaceous de^wsit geneiall]^ mixed with clay, in the Shetland Isles, at Crenzot 
in France, at Halle and Waldenbuzg in Silesia, at Martenbeig in Sweden, &c. (Dana, 
ii. 339). It is produced by heating chromium to redness in the air, by the ignition of 
chromic hydrate, by the decomposition of chromic anhydride and of various chromates, 
some of these processes gelding it in the amorphous, others in the crystalline state. 

a. Amofy}hous, 1. When mercurous chromate is heated as long as oxygen and 
THj^ur of mercury are evolved, chromic oxide remains of a very fine green colour. 
It 18 best to heat the salt in a covered crucible, since, if the air has free access to it, part 
of the sesquioxide is converted into brown oxide, which impairs its colour. (Otto.) 

2. When acid chromate of potassium is heated to redness with sulphur, the chromic 
acid is reduced, sulphurous anhydride is evolved, and there remains a mixture of 
chromic oxide with sulphide and sulphate of potassium, from which the soluble salts 
may be extracted by water. (Lassaigne, Ann. Ch. Phys. [3] xiv. 299.)— 3. Berthicr 
ignites chromate of potassium in a charcoal crucible, or mixes it with charcoal powder 
or lamp-black, and i^ites it in an ordinary earthen crucible; dissolves the chromite of 
potassium produced in cold water; heats the filtrate to the boiling point; collects the 
precipitated hydrate on a filter ; washes it thoroughly with water ; and lastly ignites it. 
— 4. Wohler (Fo^. Ann. x. 46) i^ites a mixture of acid chromate of potassium with 
about its own weight of sal-ammoniac and a small quantity of carbonate of sodium 
in a covered crucible, till no more vapour of sal-ammoniac is disengaged ; and then 
purifies the sesquioxide of chromium from chlorides of potassium and sodium, i-y 
washing ^th water. — 6. Ban an (Rev. scicnt. xx. 426) mixes 4 pts. of acid chromate 
of potassium with 1 pt. of starch ; ignites the mixture in a crucible ; washes away 
the resulting carbonate "Of potassium with water; and again ignites the residue. He 
states that the chromic oxide thus obtained is so pure that it may be used for glazing 
porcelain. — 0. When acid chromate of ammonium is heated in a platinum or porce- 
lain basin over a lamp, a very eneigetic action takes place, accompanied b^ strong 
incandescence, and green bulky masses of chromic oxide shoot out in every direction, 
very much resembling unopened tea-leaves. (Bdttger, Ann. C^. Pharm. xlvii. 332.) 
—7. A very fine and intimate mixture is made of 48 pts. of gunpowder, 240 pts. of 
perfrctly acid chromate of potassium, and 6 pts. of equally dry chloride of ammo- 
nium. This mixture is made into the shape of a cone (by pressing it into a wine 

5 lass, and afterwards carefiiUy shaking it out) and then transferred to an iron plate. 

L burning fiisee or other combustible is then applied to the top of the cone, where- 
upon it takes fire, and slowly bums throughout its whole maw. On exhausting the 
c<me, w^ile still hot, with water, a residue of chromic oxide is obtained in the form of s 
--^n powder. (Bottger, ioe, cif.) 

ffMUillised. 1. When vapour of chloro-chromic anhydride is slowly passed 
tube heated to low redness, chlorine and oxygen are evolve^ and 
ittaains in the tube as a eiystalline deposit, sometimes interspersed with 
.(W6hler, Ann. Oh. Pharm. lx. 2u3). — 2. When acid chromate of 
Atsd to whiteness for eighteen hours, a mixture of the neutral chro- 
mateigjpdhMtttteozia^ is obtained; and on dissol'ring out the former with water, 
chrOmiiM^de remains in fine iridescent spangles (Gen tele, J. p. Chem. liv. 184). — 
3. Wheh'diy chlorine is passed over chromate of potassium heated to redness in a 
porcelain tu^ the gas is completely absorbed, o^gen is evolved, and chloride of potas- 
sium is formed, together with chromic oxide, in long, shining, green, brittle tablets, if 
the tube is heated only to a dull redness, but in hard brown ciyst^ like those ob- 
tained by WfibTer’s method, if the temperature is raised to bright redness (Fr4my, Ann. 
Oh. Pbaxtn. xlix. 274). Blake (fdu£ ciL 331) found chromic oxide crystallised in 
plat w ha ving the metallic lustre aud belonginjg to the kcsagonal astern, in the cracks 
of a fidWace which had been used for a long time the ^j^paration of chromate of 
potassium from chrome-iron ore. 

C^rstalliaed chromic oxide prepared by Wfibleris method fonns mystals of rhombo- 
. hedral character, greeniah-black with metallic lustre, and as bard, as comndum, so 
that they scratch glass. Their specific gravity is 6*21, and they yield a greenisK 
powder- bv trituration. 

Amorphous chromic oxide obtained by decomposing the hydrate at a temperature 
helow r^ssa, has a dark green colour; that wluch has been strongly ignited (methods 
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1 to 7 p. bright green. When the oxide prepared at a moderate heat it gradu* 

lUv rmSed to a higher temperature, it suddenly becomes iucandeacent and ia ait^ 
wida nearly insolable in acids. According to Benelius, it then contains the indif- 
feient modification of chromium (p. 941). By ignition with nitrate or aCid snlphata 
of potassium, it may be brought back to the soluUe state. 

Ar^rphoua chromic oxide melts at the heat of a forge-fire, and on cooling fbma 
a greenish-black ciystalline mass, exhibiting all the properties of the crystalline oxido 
obtained by Wohler's method. It is not reduced by hydrogen p^as. Charcoal reduces 
it at an intense white heat, hut only at the points where it u in oontact with tha 
charcoal. 

Chromic oxide is used in the preparation of green glass and enamd, but especially 
in the painting of porcelain. 'It is also used in ordinary painting, forming one of the 
moat permanent greens, called chrome-green. ^ , 

Hydrated Chromio Oxide*. Chromic Hydraiea . — Chromic * oxide forms 
seyeral hydrates difibring in their properties. When a solution of a green or yiolet 
chromic salt is mixed with potash or soda, a bluish-green hydrate is precipitated, 
which dissolves with emerald-green colour in excess of the preripitant, hut is rep^ 
cipitated completely as green hydrate on boiling. With ammonia, the violet salts give 
a my-blue, the green salts a grey -green precipitate. Both these precipitates dissolve 
in cold acids, the former with red, the latter with green colour. In excess of am- 
monia, they both ^solve slowly with peach-blossom colour, the greyish-blue pre- 
cipitate, however, the more abundantly of the two. 

The properties of the hydrates precipitated hy ammonia, are affected to a con- 
siderabfo extent by the concentration and temperature of the chromic solution and 
of the ammonia, by the way in which they are raixwl, &cs. ; and the results obtained 
by different experimenters regarding the constitution and properties of those hydrates 
are by no means accordant L. Schaffner (Ann. Ch. Pharm. li. 168) describes three 
modifications of chromic hydrate : the first obtained by boiling chromic chloride with 
excess of potash, and containing, according to Ordway (Siu. Am. J. [2] xxvi. 1J7)» 
Cr*0*.4H^0, or H*Cr*0’ ; the second, by treating the chloride with suiflcient potash to 
redissolve the precipitate first formed, and noutmlising the excess of alkali with 
hydrochloric acid; the third, by precipitating a solution of a chromic salt with 
excess of ammonia : the dried precipitate thus obtained is, acconling to Schaffner, 
CV0*.6H»0, or H'*Cr»0*. ^ ^ ... 

The following results have been obtained by Lef ort (J. I harm. [3] xvni. 27*i 
When a chromic salt is treated with excess of caustic sisla-solutiun. the precipitate 
first formed redissolvcs with green colour if the original chromic salt was green or 
red, with bluish-violet colour if the chromic salt was bluish -violet, I ho solutions, if 
heated, deposit a gelatinous hydrate of fine green colour, coDtaiiiing Cr*0*.6lPO, or 
H‘CrO* It becomes hard and black when dry, and yields a dark green powder. 
The same hydrate is obtained by pouring a chromic salt of either moaificiition into 
excess of the boiling alkali -solution. . , , , .... « 

Another green hydrate, Cr’0».6H*0, or is deposited when the solution of 

chromic oxide in excess of alkali is left, to itself. It exhibits the same pTOpet^w ^ 
the preceding (Lefort). According to Fremy, these hydrates contain 8and.f 
respectively. . , . 

A hydrate containing Cr*0».7U*0, or lP«Cr«0>«. is obtoined • 
violet chrome-alum is poured into excess of aminonia ; the precipitai^ 
turns red and redissolves, and, on heating the ammonii^l soluti y to 
not exceeding 60® C., a greyish-green pulverulent prwipitate is 
oomposition^st stat^, and dissolving in acids with violet colomr. (Lei O^rt;; 

d. Cr*0*.9H*0, or H»*Cr*0»*.— This hydrate is deposited as a violet pojvder 
ammoniacal-solution of chrome-alnm is left to evaporate ia the air or over ou of tiW«. 
When diy, it forms a greyish-violet, very light powder ; when dissolved in acids, it yields 

thia hydrate ia obtained by preoipaaUng a Tiolet chromie mI* 
with and drying the precipitate in vacuo. It dissolves in acetic smd, am- 

monia. and^uto po^hTey. It* properties are liable to ccnsiderable elation tr^ 
apparently trifling cucumstanees ; thus, by the 

contact with cold water, hr the action of concentrated saline solutioni, ^ desii^ti^ 
for several days in the air or in vacuo, and trituration,^ it is rondeicd inMlUDW 
liquids in which it was previously soluble, FrAmy is of opinion tha^hew 
result from an ailotropic modification of the chromic oxidi^ and not from low wmw. 
He applies the term chromic oxide to the oxide which ^ 

in ac^c acid, potash, and ammonia in the manner just mentioned sod metsohromifi 
oxide to which is soluble in these resgents, and is precipitated by am- 

Bumia from a violet chromic salt 


itui- 
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. A clipbmic hydrate, much used as a pigment, is the emerald -green of Pannetier, 
Cr®0*.2H*0 =s H^Cr*0*. It is prepared by melting in a crucible a mixture of equiva- 
.lent quantities of boric anhydride and acid chromate of potassium, whereby chromic 
r borate and borate of potassium are obtained, and treating the fused mass with water, 
which resolves the chromic borate into boric acid and chromic hydrate. By washing 
this hydrate and finely triturating it, a brilliant green powderis obtained. (G-uignet, 
B4p. Chim. app. 1859, p. 158.) 

Arnandon (ilnd. 201), by acting on add chromate of potassium with phosphate of 
ammonium, likewise obtain^ a very fine gr^n pigment, which appeared to be chiefly 
a chromic %drate containing phosphoric acid. 

Por further details respecting the modifications of chromic hydrate, see Handw. d. 
Chem. 2** Aufi. ii [2] 1221. 

Chromic Salta. — The salts obtained by dissolving chromic oxide or hydrate in 
acids, correspond in composition to the oxide itself, containing, that is to say, o at. 
of monatomic acid radide to 2 at. of chromium, or 3 at. of a diatomic acid radicle to 
2 at, chromium, the nitrate Cr*(NO*)«, the sulphate Cp»(SO*)*. The most definite 
are the double sulphates, called chromo-alums, consisting of 1 at. chromic sulphate with 
1 at. sulphate of an all^li-metal and 12 at. water, corresponding in composition to 
common alum, and crystallising in tho same form, e.g. potassio-chromic sulphate, 

K*SO*.Cr*(SO*)* + 12H«0, or K»Cr*(SO*)‘ + 12H*0 = + 12H»0. 

Chromic salts exhibit two modifications, the green, and the red, or violet, 
pass easily one into the other. Thus, a solution of chrome-alum prepared in the coM 
has a violet colour, which changes to green on heating the solution, but reappears afti-r 
it has been left to itself for some time. In many chromic salts the nitrate, for example, 
the change from green to violet takes place very quickly. The green solutions also 
take a bluish tint when heated with nitric acid. The violet appears to be the normal 
modification, inasmuch as the others always pass into it after a while ; and it is only 
the violet solutions that yield ciystallisable salts, the green solutions, when evaporafoii, 
leaving green amorphous masses. 

Schrotter (Pogg. Ann. liii. 13) supposes that the change from the violet to the 
pp«en modification hy heat, is the result of a loss of chemically combined water, which 
u gradually resumed when the green solution is left at rest. Otto (Lehrbuch, 3 Aufl. 
iL 93) remarks, in opposition to this view, that a red solution of chrome-alum does 
not turn green when mixed with strong sulphuric acid, provided rise of temperature 
be prevented. 

Lqwel (J. pr. Chem. xxxvii. 38) supposes that the different coloured solutions 
contain different proportions of acid ana base, the red solutions containing normal 
chromic salts, such as Cr^(SO^)*l or Cr^O\3SO*, and the green solutions basic salts of 
the form Cr*0*.2S0*. This inew rccoives some support from an observation of 
Krii^er (Pogg. Ann. Ixi. 218), that when a ^een solution of chrome-alum, obtained 
by boiling tho salt with a very small quantity of water, is mixed with alcohol, the 
alcohol takes up a portion of the sulphuric acid, while the separated syrupy liquid 
contains tho salt K*0,Cr*0’.3S0*. This salt, when dissolved in water, does not return 
to the violet modification unless a quantity of sulphuric acid bo added to it sufficient 
to produce the normal salt K*O.Cr*0*.4SO*. 

f^my attributes the change of the violet salts into green by the boiling of their 
solutions, to ^a conversion of metachromic oxide into ordinary chromic oxide; this, 
however, can scarcely be called an explanation. 

• ^orsthe behaviour of chromic salts with reagents see pp. 943, 944. 

Chromites. — Chromic oxide unites with protoxides, forming compounds of tlie form 
M^0fCr*0* or M^Cr^O^, which may be called chromites. The best known of these com- 
poott^ is chrome-iron ore, in which, however, part of the chromium is usuaUy replaced 
by aluminium and sometimes by iron. Lime, magnesia, and oxide of zinc, when they 
exist in solution with chromium, are sometimes precipitated by alkalis, when, if the 
chromium were not present, they would remain di^lv^ ; thus, a solution of chrome- 
alum mixed with chloride of calcium yields with ammonia a green precipitate, con- 
sisting of 2CaO.Cr*0*. the other hand, bases which would otnerwise be pr^ 

cipitated are sometimee retained in solntion throngh the medium of chromic oxide ; this 
is often the case with manganous and ferric oxide. In presence of 80 per cent, ferric 
oxides however, chromic oxide is completely precipitated. These circnmstances require 
to he earefiiUy borne in mind in analysis. 

Compounde of Chromic Oxide with Ammonia. (Fr4my, Ann. Oh. Pharm. 
ex. 226.) — Chromic hydrate is slightly soluble in ammonia, and, under certain circum- 
stance^ takes np the dements of ammonia, forming peculiar metallic bases, designated 
by Er5mjr as amido-chromium compounds. 

Chromic hydrate which has been subjected to the action of boiling water does not 
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act upon ammonia; but metachromic hydrate (p. 950), in contact urith ammonia, 
acquires a violet colour, and forms the compound containing 2NH*,Cr*0*, which gives 
off the whole of its ammonia when heated. 

Ammoniacal salts do not act on metachromic hydrate by themselves ; but if am- 
monia is likewiw present, the hydrate dissolves, forming conipoiinds of a beautiihl 
violet colour, which may be obtained in definite form by precipitating with alcohol and 
rapid drying in vacuo. The compound formed with ammonia and chloride of ammo- 
nium dissolvcfl in water with deep violet-red colour. Tlie solution has a scarcely 
prceptible alkaline reaction, and does not yield any precipitate with nitrate of silver; 
but if it be heated to the boiling point, ammonia is given off, chromic hydrate sepa- 
rates out, and the remaining liquid then gives a copious prt'cipitate with nitrate of 
silver. The products of the decomposition are 4NII*C1, 8NH* 3Cr*0*, and 11*0, 

If the solution of the amido-chromium compound be let! to itself for a while, it decom- 
poses, ammonia being evolved, sal-ammoniac being reproduced, and an insoluble violet 
body being formed, which separates in roun(h transparent, iridescent gnmules. This 
body likewise eontwns the elements of chromic oxide and ammonia. It is completely 
decomposed by boiling water, tlie products of decomposition being in the ratio of 
Cr*0* : 2NH* : 12H*0. Acids convert it into a basic compound, Cr“0».8NU*, called 
roseo-chromammonia. With sulphuric acid tlio reaction is: 

4(Cr*0».2NH*) + 12H*SO^ = (Cr*0*.8NH*).3S0* + 3(Cr*0*.3S0») + 12H*0, 

Sulphate of roieo- Chmmic 

chromammonta. sulphate. 

Koseo-chromammonia may likewise be obtained bjf the action of strong acids in the 
cold on the soluble amido-chromium compounds precipitated by alcohol from the rose- 
coloured liquids which are produced by the joint action of ammonia and ammonium-suits 
on metachromic hydrate. The salts of this base have nearly a wino-rtnl colour; the 
hydrochlorate crystallises in regular octahedrons, and forms crj'stallisable double salts 
witli mercuric and platinic chlorides. Pure water decom}) 08 e 8 it into two new salts, 
mil* crystallising in right rhombic prisms, the other remaining in solution. The bases 
of th(‘se two suite appear to differ from each other, and likewise from that of tlio hydro- 
chlorate from which they were produced. (Fr6my.) 

A basic compound containing Ur*(CNS)*.2(Nll*)*0, is obtained, by adding acid 
chromate of potiussium to fused sulphocyanuto of ammonium. (Morland, Chem. 
iSoc. Q,u. J, xiii. 252.) (Soe Sulfuocyanatks.) 

liaowM Oxides ofCubomiuic. Chbomatbb ofCiibomivk. — Thesensmes 
are applied to certain oxides intermediate between the sesqui- and tri-oxitics of chro- 
mium. They are obtained by gently heating chromic nitrate ; by partial reduction of 
chromic anhydride with alcohol, sulphurous acid, nitric oxide, or ferrous sulphate ; 
also by boiling a solution of chromate of ammonium ; by digesting chromic acid with 
excess of chromic oxide ; by heating chromic anhydride above 260® C. ; and by keeping 
chnimic oxide for some time, at 200® C., in contact with tlie air. A solution of uciil 
chromate of potassium, mixed with ammonia or with alcohol, likewise deposits a brown 
sediment wlien exposed to sunlight, but not in the dark. 

These brown compounds, when heated, first give off water, if they are hydrateil, and 
at higher temperatures are reduced to chromic oxi<le; they dissolve in acids, forraiiig 
brown solutions, from which they are precipitated by ammonia without alteration. 
They give off clilorine when heated with hydrochloric acid. Alkalis separ^e chromic 
airid from them. 

The brown oxides, obtained by different processes, exhibit considerable diversity oi 
composition, and it is not exactly known whether they are distinct oxides of cl^mium 
or compounds of the sesqui- and tri-oxides. Tlie compound obtained bv hfi^ns 
chromic hydrate in contact with the air, which has the cwmixisiuon rU*, or 
is regarded by Kriiger os a peroxide of chromium, ('rO*, bccaiisi!, When heated with 
sulphuric acid and chloride of sodium, it gives off only chlorine and no chtorochrotnic 
anhydride, as all chromates do. A precipitate of the same composition is fonnod, ac- 
cordiDg to Berselius, on mixing noulnil solutions of chromic chloride and chromate of 
fxjtassium. The ]^ecipitate thrown down by ammonia from a solution of cliromio 
('Ulphato mixed add chromate of potassium, likewise gives off nothing hut 

chlorine when similarly treated ; according to Vogel, it is CrO*.H*0, The black 
substance obtained by heating chromic anhydride to 200® C. is, accOnJtng to Traube, 
normal chromate of chromium, Cr*0*.3CpO*. It becomes soluble by boiling in water, 
imj^riing to the water, first a yellowish, then a deep brown colour. 

The precipitate formed on mixing the 8<jlution8 of clirome-alum and neutral chromate 
of potassium has, when <^ied at 100® C., the er>mprjsition 3Cr*0*.20r0*.9H*0. The 
oxiue obtained by reducing chromic anhydride with alcohol, has. according to Traube, 
the same composition. It is insoluble in water ; dissolves in hydrochloric acid with 

3 p 4 
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in nitric imd in hot dilute aulphwc acid ^th brown colour. The soiutiona 
yield with ammonia a precipitate of sesquiozide, while chromic acid remaina in soIq. 
lion. Potash quickly resolyes it into cbiomic oxide and chromic add. 

Chromic hydrote digested with excess of chromic add, yields a dark brown solution, 
which dries up to a residue soluble in alcohol, and containing, according to Maas! 
CrK>*.4Cr*0*, or Cr*0* (Handw. d. Chem. Aufl. ii. [2] 1236.)* 

Tbioxids of CHBOMinic. Chbohio AkhtDbzdb. Anhydrom Chromic 
Add. CrO*. — This oxide may be regarded as a constituent pf the chromates, the 
formula of a neutral chromiite being M*CrO^, or M*O.CrO*. It is obtained in the free 
state : 

a. By decomposing irifittoride of ehromiwm idth a emcdl quantity of icater. — The 
vapour of the trifluoride, evolved by distilling chromate of lead and fluor spar with 
faming sulphuric acid, is passed into a large platinum crucible, slightly moistened on 
the inside and closed with moist paper. The triflnoride is then decomposed by the 
aqueous vapour, with which the air in the crucible is charged, into hydrofluoric acid 
and beauti^ red needles of chromic anhydride, which fill the crucible. 

b. By decomposing a chromate with wulphurio add. — Chromic anhydride is easily 
prepared by pouring 1 vol. of a saturated solution of acid chromate of potassium in 
a thin stream into 14 vol. strong sulphuric acid, stirring all the while. As the liquid 
cools, chromic anhy^de crystallises from it in splendid crimson needles often an 
inch long. The mother-liquor is decanted, and the crystals are drained on a porous 
tile till they are nearly dry, and then purified by reciystallisation. For many 
piirposes for which chromic acid is used, the presence of a certain quantity of sulphuric 
acid is not objectionable, so that the purification may be dispensed with. 

Bolley (Ann. Ch. Pharm. IvL 113) prepares chromic anhydride by dissolving a 
weighed quantity of acid chromate of potassium in a small quantity of boiling water, 
and adding to the hot solution the exact quantity of sulphuric acid required to form 
add sulphate of potassium. The mixture when left to cool, solidifies for the most 
part into a red granular mass consisting of acid sulphate of potassium with adhering 
chromic anhydride. The mixture is stirred to cause the granular mass to subside ; the 
solution is decanted ; and the residual acid sulphate is washed several times with cold 
water. There then remains an orange-coloured sulphate of potassium with very little 
chromic acid, the greater part of that acid being contained in the united solutions. 
The separation thus effected depends upon the circumstance that acid sulphate of po- 
tassium, which dissolves veiy freely in boiling water (2 pts. of the salt to 1 pt. of 
water), is but sparingly soluble at o^naiy temperatures, and cold water removes sul- 
phuric acid from it with scarcely any potitsh, leaving neutral sulphate of potassiurn, 
while the chromic acid dissolves in the cold water. The solution of chromic acid con- 
taining only a small quantity of acid sulphate of potassium is then further concen- 
trated, and the chromic anhydride is precipitated by adding about an equal volume of 
strong sulphuric acid, which throws it down free from any trace of acid sulphate. 

Chromic anhydride may also be prepared by decomposing chromate of lead with 
strong sulphuric acid, diluting with water after twenty-four hours, to precipitate sul- 
phate of lead, then filtering and evaporating to the crystallising point, or by decompos- 
ing chromate of barium with strong nitric acid, filtering the liquid f^m the resulting 
nitrate of barium, which is insoluble in the strong acid, and heating the filtrate tifl 
^ the excess of nitric acid is expelled, and ciystallising as above. 

Pure chromic anhydride forms either a red powder, a red loose woolly mass, or 
scarlet ciystals. It deliquesces in damp air and ^ssolves in a small quantity of water, 
forming a dark broMm liquid having a sour astringent taste and yellow or brownish 
yellow on dilution. The solution contains chromic acid, but when evaporated it yields 
the anhydride : indeed chromic acid is not known in the solid state. 

0bromie anhydride melts at 190^ C., and begins to decompose at 250^, giving off 
oi^gen and leaving a brown oxide or chromate of chromium, which, when further 
heated, is reduced to sesquioxide. Chromic anhydride is a powerful oxidising agent, 
being quickly reduced to sesquioxide of chromium by sulphydric add, sine, arsmions 
add, tariario acid, sugar, atcokol, and various other organic bodies, especially when 
heated. With sulphyaric acid it forms water and sets sulphur free : 2CrO* + 3H^ 
■B ChK)* + 3H*0 + S*; with hydrochloric add it yields trichloride of chromium, 
water, and free chlorine: 2CrO* + 12HC1 » Cr*Cl* -l- 6H*0 3C1*. Sulphurous 

add added to a eolation of chromic acid or a chromate throws down a brown 
chromate of chromium, consisting of Or^O”.CrO* or CrO*. A few drops of an- 
kudrous a^hol poured upon chr^ic anhydride instantly reduce it to sesquioxide, 
the alcohol eomeumes taking fire. A similar reduction attended with incandeecence 

* Fnan recent experiromits by Storer and Eliot (Proc. Ainer. Acad. v. 19S), ttanpeara that there 
la but one detfqite oaHUof-cliramium intermediate between CrHJ^ and CrO> ris. Orfr' or Cr^O^.CrtP. 
The anihors have IlkewlM obiaiued the annloavut compoundi, A1*0* CrO>, F^O*.CrO*, aitd Mn*(F 
CrO». 



CHROMIUM : OXYCHLORIDES- MS 

takes place when a small quantity of the anhydride is introduced into an atmoiphera 
of alcohol vapour, or of ^oohol or ether vapour mixed with sulphide of carbon. Ihy 
ammonia gao suddenly d^ted upon perfectly dry chifomic anhydride^ renders it in- 
candescent and converts it into chromic oxide, while nitrogen and aqueoua vapour are 
given oiC At^ueous chromic acid bleaches vegetable colours. 

Chromic acid in the free state is sometimes used practically as an oxidising sgenty 
but more frequently a mixture of sulphuric acid and chromate of potassiunip 

crystallised chromic anhydride is added to strong aalphnrie acid as lon^ as it 
dissolves, an ochre-yellow, pasty, very hygroscopic substance is formed, containing, 
according to Bolley (Ann. Ch. I'harm. Ivi. 113), H*SO\CrO", When exposed to the 
air, itqui<^y turns red from separation of chromic anhydride. Schrotter (Pogg. 
Ann. lix. 616) obtained in like manner a yelluw-brown sediment, which he represents 
approximately by the formula CrO*.3SO*. 

PnRCHBOMic Arm. IPCr^O** TT*0.(>*CV?- -Whi'n nerrixidi* of hvdrogen dis- 
solved in water is mixed with a solution of chromic acid, the liquid assumes a deep 
indigo-blue colour, but often loses this colour very rapidly, giving off oxygen at the 
same time. The same blue colour is produced on adding a mixture of aqueous per- 
oxide of hydrogen and sulphuric or hydrochloric ncid to acid cliromato of potassium':' 
but in a very short time oxygen is evolved, and rliromc-iilum is left in solution. 
each atom of acid chromate of potassium, K*().2(^rO*, 4 at. of oxygen are ovolvtri, 
provided an excess of peroxide of hydrt)gfu be present. \Vu may, therefore, suppose 
that perchromic acid, H*0r*0', is first formed by the union of 14-^0 with 2f!rO“, anti 
afterwards resolved int.o oxygen and cimunic hydraie, H-’CrW ■■ H*().Cr*0* + O*. 
With ether, perchromic anhydride forma a more stable solution than with water. The 
ethereal solution, which haa a deep blue colour, may be obtained by treating peroxide 
of barium with hydrochloric or nitric acid, pouring ether on the liquid, gradually add- 
ing a solution of acid chromate of potassium, and agitating. 4*erchroniic acid is do* 
composed aqueous alkalis, with formation of a chromate and evolution of oxvgeii ; 
but ammonia and certain organic bases dissolved in ether and added to the etnoreHl 
solution of the acid, form stable compounds, from which stronger acids separate the 
blue acid. The most stable of these compounds is the quinine salt, which is soluble in 
alcohol, insoluble in ether, and may bo dried without decomposition. (BarreswlJ, 
Compt. re d. xvi. 1085.) 

The recent investigations of As chof (Inaugural- Dissertation uber die Vehermanganr 
satire und Utberchromsdure^ Berlin, 1861) tend strongly to confirm the formula ()r*i>^ 
for hypothetical perchromic anhydride. He also finds that when the deep blue ethereal 
solution of perchromic acid is shaken up with such a quantity of very dilute aqueous 
potash, that the ethereal layer shall still exhibit a faint blue tint, the aqueous, per- 
fectlv neutral liquid below exhibits a peculiar deep bluish- violet tint, which is tolerably 
stable ; but if more potash be added, the colour changes to the light yellow of neutral 
chromate of potassium, while bubbles of oxygen are given off. Hence it appears that 
tlie blue colour belongs to the free acid, the violet to its salts. 

According to Storer (J. pr. Cbem. Ixxxi. 44) the colouring power of perchromic 
acid is so great, that when a solution of 1 pt. acid chromate r>f potassium in 30,000 to 
40,000 pts. water is shaken up with ether containing peroxide of hydrogen, the ether 
acquires a perceptible blue tint ; he therefore recommends this reaction as a veiy deli- 
cate test for chromic aciA Schonbein (ihid, Ixxix. 65) applies it as a test for per- 
oxide of hydrogen. 

CHaO MUFM, OXTGS&OXZDW OF* Four of these compounds are known^ 

three of which may be regarded as compounds of sesquioxide and sesquicbloride of chro- 
mium, and the fourth (the so-called chlorochromic cbcid)^ as a compound of the 
chloride and trioxide. They may also be regarded as derived from the trichloride or 
sesquichloride by the sulMtitution of oxygen for part of the chlorine. 

a. Compounds of SesquicMoride and Sesquioxide of C5romtui».-^The0e compounds, 
of which three have been Astinguished, are obtained by evaporating the green solu- 
^ tion of the sesquicbloride, and heating the residue to dinerent temperatures. By dry- 
ing at 120® C, a reddish tumefisd mass is lelt, containing 4Cr*Cl*.(vr*0* 4- 24H*0, or 
Cr»»CI»*0* + 24H^O. 

By drying at 150'^ C-, with constant stirring, a greyish red deliquescent powder is 
obtained, consisting of 2Cr^I*.Cr*0* -4* SH'-'O « 3CriCJ*0 -r 8H*0, or, according to 
F41igot, CrO*Cl*.2HCl + H*0. If this compound be heated to redness, it becomes 
partia^ insoluble in water, and the undissolved portion consists of Cr*Ol*.2CriO* or 
0r*O^Cl*. It is greyish-red by daylight, green by lamplight, tike neutral chromic 
fulphate. By prolonged ignition in contact with the air, it is completely converted 
into sesquioxide. (Moberg.) 


yields it. 
When 
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P41igot (X pr. Ohem. xxzvii. 476) obtained the last mentioned oxychloride hy 
precipitating a green solution of diromic chloride with bajprta, evaporating the filtrate 
to dryness, treatmg the residue with alcohol, and evaporating in vacuo, as a green de- 
liquescent mass containing Cr“0*CP + aH'O. The same oxychloride is ohUincd hy 
boiling the green solution of the chloride with chromic hydrate, or by prolonged boil- 
ing of dilute hydrochloric acid with excess of chromic hydrate. 

0, Chl^rochromio Anhydride, Chloroehromic Acid. CrO®Cl®, or rrCl*.2Cr0* 

This compound, discovered by Berzelius, is produced by distilling an^ anhydrous metallie 
chloride with an anhydrous chromate and strong sulphuric acid ; its formation afforils 
a useful test for the presence of chlorides (p. 903). To prepare it, 10 pts. of decrepi- 
tated chloride of sodium are fused with 16*9 pts. of neutral chromate of potassium, and 
the fused mass, after being broken into lumps, is distilled in a tubulated retort witli 
30 pts. of strong sulphuric acid, or better with the fuming acid. A brisk action imme- 
diately takes place, and the chloroehromic anhydride quickly distils over, without appli- 
cation of heat ; it must be collected in a dry receiver kept at a low temperature. The 
distillate obtained by heating the mixture towards the end of the process, is likely to 
be contaminated with chromic and sulphuric acids (Wohler, Pogg. Ann. xxxiii. 343). 
Another and easy mode of preparation is to distil in a small retort a diy mixture of 
chromic anhydride and ferric cliloride. (Geuther, Ann. Ch. Pharm. cvi. 239.) 

Chlprochromic anhydride is a mobile liquid of a splendid blood-red colour by trans- 
mitted light, nearly black by reflected light. It has a density of 1 *7 1, and boils at 118^ C. 
When exposed to the air, it diffuses a yellowish-red vapour of specific gravity 5-48. Jt 
attacks mercury rapidly, detonates with pkospitorus, sets fire to sulphur, alcohol, oil oj 
turpentine, and other inflammable bodies, and decomposes sulphydric acid, with emi.sHi(»n 
of light. In am'uwnia gas, it solidifies with brilliant incandescence, forming a dark bro\Mi 
mass, which remains red-hot for some time. If more ammonia gas bo passed over tlie 
ignited residue, it changes to a black powder, which, according to Schrotter, is nitride 
of chromium. chloroehromic anhydride is distilled with pcntachloridc of pkas- 

phorus, chlorine-gas is evolved, and a siiiaii quarititity of trichloride of chromium is 
formed, but the greater part of the chloroehromic anhydride distils without alteration. 
It dissolves iodine and forms a solid brown mass with chlorine. When dropped into 
teater, it remains unaltered for a few seconds, but is afterwards decomposed, with 
violent ebullition, into chromic and hydrochloric acids. 

Vapour of chloroehromic anhydride passed through a glass tube heated to low red- 
ness is decomposed, with formation of crystalline chromic oxide (p. 948). 

The compound described at page 938 as chromochloride of potassium, may bo 
regarded as a compound of chloroehromic anhydride with neutral chromate of potsis- 
sium, K*Cr0*.Cr02Cl*. 

CB&OXttZVM, OaCTOBBr-Sikl/rB OTm See Chbomous and Curouic Oxim:s 
(pp. 947, 960) ; also the several Acids. 

OBBOMXinM:. PBOBPHZDB OP. Cr^P^.-— Formed when chromic phosphate is 
strongly ignited with charcoal, or when trichloride of chromium is heated in plios- 
pboretted hydrogen gas. The product obtained by the first process is light grey, with 
faint lustre, and loosely coherent. The phosphide prepared from crystal I is^ chromic 
chloride forms ciystalline scales, like those of the chloride itself ; it is black, dissolves 
but slightly in nitric, nitromuriatic or hydrofluoric acid, oxidises slowly when heattd 
in the air; when it is heated with hydrate of potassium, hydrogen is evolved, and 
chromate of potassium very slowly formed. (H. Rose, Pogg. Ann. xxxiy. 333.) 

CHBOBCZUIIC, BVXiPBZBBS OP. The protosulphide, CVS, is said to ho 
obtained, mixed with chromic oxide, by heating chromic sulphate in dry oxygen gas 
(Traube). According to Moberg, dicMoride of chromium gives a black precipitate 
VQth sulphide of ammonium. 

The sesquisulphide, CVS*, is produced by passing vapour of sulphide of carbon over 
the white^ot sesquioxide ; by jpassing diy sulphydric acid gas over chromic anhydride, 
oxide, or chloride, heated to bright r^ness ; by heating chromic hydrate with sulphur 
in vacuo ; or by melting chromic oxide with ^ntasul^do of potassium at a very high 
temperature. It cannot be obtained by precipitation, the precipitate formed by sul- 
phide of ammonium in solutions of chromic salts, consisting, not of sulphide^ but of 
hydrate. 

Sesquisulphide of chromium is dark grey or black, according to the mode of ]^epam- 
tiion, sometimes shining and crystalline, without metallic appearance, but acquiring an 
iron-grey metallic lustre by pressure or trituration. When heated in the air, it burns to 
seeqjuioxide. Heated in chlorine one, it yields chloride of sulphur and trichloride of 
chromium ^Berzelius). According to H. Rose, on the other hand, chlorine scarcely 
acts upon it, even at temperatures. Heated with nitre, it yields sulphate and 
chromate crif potassium. It appears to unite with the acid sulphides, forming sulphur- 
salts. (Gm. iv..I24.) 


CHROMOTABTARIC AGED— CHRYSAMMIC ACID. 

A enlpbide eontainiug Cr«S*iB obtained by heating ckromic auiphate in hydrogen 
gaa. Sulphurons anhydride is then evolv^ and sulphuric acid is fbrmed, togewSir 
with a blackish-brown, extremely pyrophoric powder, which burns in the air to ehmigie 
oxide and sulphurous anhydride. (Kopp, CompL rend. xix. 1166.) 

CHMOIMIOTARXAJRXC ACZII. ^When tartaric acid in powder is gradually 
added to a warm aqueous solution of acid chromate of potassium, as long as oarbonio 
acid is evolTed, a green solution is formed, which yields by oTaporation a yitreous 
mass* veiy soluble in water, precipitated by alcohol, and containing, according to 
Malaguti, C^H^K(CpOyO* + 7aq. The solution of this salt yields with acetate of 
lead, a bluish-green precipitate, which, when decomposed by sulphuretted hydrogsDi 
yields tartrate of chromium and hydrogen, or chrofno-tartario acid^ C^HHCrOyO*. 
(Berlin, Garhardfs TraltK ii. 31.) 

ensOMtnUk Syn. with Culohophyll. 

CBUTXOllZira. A product of the decomposition of chrjsanunio acid by sulphurie 
acid. (See CHRYSAwiiic Acid.) 

CHB-rSAamsiL C;H*(N0*)*N0 » N.H*C;H(N0*)«0. — A compound formed 
by boiling chrysammic acid with aqueous ammonia. The acid dissolvt's ; tlie liquid 
acquires a deep purple tint> and on cooling deposits chrysamide in needles, which are 
rt tldiflh-brown by transmitted, and metallic green by reflected light. Its solution, 
treated with dilute acids, does not yield a precipitate of chiysiinmiic acid. With 
ciiloride of barium and ammonia, it forms a precipitate of chrysamidute of barium. 

According to the formula C’H*(NO*y'*NO, which is that proposed by Oorhardt 
iTraiUy iy. 263), chrysamide, like amides in general, differs from chrysammatc of 
iimmonium, C’H(NH^)(N0')0^, by 1 at. H^O. This formula requires 40 per cent C, 
2-4 H, and 20*1 N, whereas the analyHis of chrysamide by SchunCk and Mulder, giyes 
37*6 — 38*8 C, 1'86 — 2*35 H, and 18*2 — 19*9 N ; but it is probable that the chrysamide 
analysed was partly converted during the prt‘ptiration into clny'samidic acid by addi- 
tion of water, or rather perhaps, that the conversion of the chrysammatc of ammonium 
into chrysamide was not quite complete. 

CBSTSABKraZO B.CZB. Amnwnio-chrysammio acid. C^II^N’O* «« KH*. 
C’H\iS0*)*0*. — This acid, which is isomeric with chrysammato of ammonium, is pro- 
duced by adding dilute? sulphuric or hydrochloric acid to u boiling ar^ueous solution 0# 
clirysamide, and ciystallises on cooling in dark-coloured needles, which become oliTS- 
green on drying. Its a’queous solution has a deep purple colour, from which it is par^ 
precipitated by acids without change of colour. It gives off ammonia when treated 
with potash. It is not altered by dilute acids. Strong sulphuric and boiling nitrio 
acid partly convert it into chrysammic acid, with formation of animoniacal salts. 

The chrysamidates, C^I1^MN"0“, have the com[>oHition of double chrysatn mates 
of ammonium and another base, C’(NH^)MN*0® They resemble the chrysaminates 
in appearance, and in their property of detonating when heated ; but are distinguished 
by giving off ammonia when treated with caustic potash. 

Ckrysamidate of ‘potassium crystallises in small needles, having a green metallie 
lustre by reflected light. The barium-salt is a red crystalline precipitate. 

CBBTSAMIIIZO ACZB. (trichunck. Ann. CIl 

Pharm. xxxix. 1; Ixv. 236. — Mulder, ibid, ixxiii. 339; Ixxii. 285. — Laurent, 
Cuiiipt. china, 1860, p. 163. — Robiquet, J. Pharm. [3] x. 107, 241). — This acid is 
pruduced by the action of nitric acid upon aloes ; probably, also by the action of nitric 
acid on aporetin. (De la Rue and Muller, Chem. Soc. Uu. J. x, 298.) 

Prtjmration from aloes. — 1 pt. of aloes is macerated with 8 pfs. of nitric acid of 
specific gravity 1-37 ; the mass is heated in a largo basin till the first violent action 
has sufmided, afterwards in a retort till two-thirds of the nitric acid havcbc<m expelled ; 
3 or 4 pts. more nitric acid and water are added to the residual liquid m long ax a 
precipitate continues to form ; and the precipitate, which consists of siriall shining scales, 
is washed with cold water till the liquid no longer acquires a yellow, but u faint purple- 
red colour. The resulting chrysammic acid, still containing alootic acid, is triturated 
with aqueous carbonate of potassium ; anti the gelatinous moss, which is thureby 
formed, with evolution of carbonic acid, is washed with cold water till the whole of 
the carbonate of potassium is removed, then dissolved in boiling water, and the solu- 
tion filtered ; as the liquid cools, the pure potassium-salt separates in golden-yellow 
laminae. These ciystfus are dissolved in filing water, decomposed bv nitric acid, 
and the chiysammic acid, which separates in the form of a yellow powder,^ is washed 
with cold water till the nitric acid is completely removed, and the water is coloured 
no longer yellow but light purple-red. In treating the chrysammic acid with carb^ 
Date of potaasioju, an excess of the latter must be avoided as far as possible, becanao it 
produces a decomposition and reddening of the salt, perhaps from admixture of alofitic 
scid. 
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Chiynmittic acid is a yellow powder, often light yellow or greenish yellow, and con- 
sisting of small shining scales. It is sparingly soluble in cold, more easily in boiling 
water. The solution has a deep purple colour, tastes bitter, and reddens litmus. It 
dissolres easily in alcohol and ether; also in nitric acid and in saline solutions. 

The acid detonates violently when subjected to diy distillation, emitting a bright 
but smoky flame, and diflusing an odour of bitter ^monds, together with nitrons 
vapours,. Heated in chlorine fjoe, it givea off hydrochloric acid. Hoiled with caitsth 
^tashf it forms a brown solution from which acids throw down a dark brown precipi. 
tate (l^hunck's aloeretie acid ; Mulier^s chtysaiic acid), soluble in pure water, forming 
soluble salts with the alkalis and earths, insoluble with lead and silver. If the potash 
is very stro^, ammonia is likewise evolved. Chrjsammic acid is not attacked by 
fuming nitric acid (Schunck). With strong sulphuric acid at the boiling heat, it 
reacts violently, giving off copious red fumes containing carbonic anhydride, carbonic 
oxide, sulphurous anhydride, and nitrous anhydride. At the same time a dark 
violet-coloured substance is deposited (Mulder’s chryiodine), soluble in potash and re- 
precipitated by hydrochloric acid^ as a gelatinous mass of the same colour. This pro- 
duct appears to be only a mixture, for ammonia separates it into a soluble and an 
ina|4uble portion. Sulphide of potassium mixed with caustic potash, transfonna 
dhi^ampiie acid into hydrochiysamide : a similar blue substance (Mulder’s chrysindhi^ 
ammoniumi) is obtained by decomposing a warm ammoniacal solution of chiysaminic 
acid with sulphuretted hydrogen. Am'monia converts cbiysammic acid into chrysamide. 
The acid boiled with water and stannous chloride, forms a powder which has a deep 
violet colour, is nearly insoluble in all solvents (C*//*JV*0**.3-SwO*, according to 
Mulder), gives off ammonia and assumes a fine blue colour when treated with poUwlj, 
and is decomposed by nitric acid, yielding aloetic and clirysammic acids. 

The chrysammates mostly crystallise in small scales, and exhibit a gold-green 
metallic lustre on the crystalline faces ; those which are amorphous, exhibit the same 
lustre when rubbed with a hard body. They detonate violently when heated. They 
are all sparingly soluble, even those of the alkali-metals. In solutions of acetates they 
dissolve more easily than in water, but less when heated than in the cold. 

Chrysammate of AmTnonium rapidly into chrysamide. 

Chryeammate of Barium, C'*H*Ba'^*0** + 4aq., is obtained as a vermilion -coloured 
precipitate by mixing a solution of the potassium-salt with chloride of barium ; also 
by prolonged boiling of chrysammic acid with chloride of barium. It is quite 
Insoluble in water. 

Chrysammate of Cadmium is a dark purple precipitate. 

Chrysammate of Calcium is a dark red insoluble powder, exhibiting traces of crystid- 
lisation. 

Chrysammate of Copper, C'*H*Cu"N^O” -i- araq., is sparingly soluble in cold, nioro 
soluble in boiling water, from which it separates in dark purple needles, exhibiting a 
golden lustre by reflected light : its solution has a fine purple tint. 

Chrysammate q/ C**H*Pb"N^O** ? — Brick-red insoluble powder, obtained bv 
precipitation. According to Schunck, it gives by analysis 34*2 per cent. FbO, the 
formula requiring 36 78. Mulder found in the precipitate formed with clirysaimnato 
of potassium and neutral acetate of lead, 61*6 per cent. VbO, which corresponds to thu 
formula C>^H»Pb"N^O'».Pb''H*0». 

Chrysammate of Magnesium resembles the calcium-salt. 

Chrysammate of Botassium, C'HKN*0*, crystallises in flat rhomboidal pistes, which 
exhibit very remarkable relations to polarised light. Light transmitted throogh one 
of them, exhibits a reddish-yellow colour and becomes polarised in one plane ; but 
if the crystal be pressed with the blade of a knife on a plate of glass, it spreads on 
the like an amalgam, and a beam of light, transmitted through the thin film 

thus formed, splits into two raja polarised in planes perpendicular to each other, one 
having a carmine-red, the other a pale yellow colour. As the thicku^ of the film 
increases, the colour of both rays approaches more and more to carmine-red. Still 
more remarkable phenomena are ei^ibited by reflected light. An ordinary ray of 
%rhite light reflected perpendicularly from the face of a crystal or from a film, has the 
colour of virgin-gold, but as the incidence becomes more oblique, the colour beoom^ 
less and less yellow, and at length pas^ into pale blue. The beam thus reflected is 
composed of two rays oppositely polarised ; the one which is polarised in the plane of 
reflection remains of a pme blue colour at ^1 angles of incidence ; the oth^, mlarised 
at right angles to the plane of reflection, has a {wle-yellow colour at small inclinations, 
then, changes to deep yellow, greenish-yeUow, green, bluish-green, blue and violet. 
(Brewster, TVwfi IV. 2fil,) 

duyssnunate of potassium dissolves in 12d0 pta. of cold water, easily in bofliog 
water; thenfflution has a fine red colour. 

CkrysamsMU af Silver. Dark brown precipitate, quite insoluble in boiling water. 
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Ckfyttmmaie of Sodinm resemblm the potessium-siilt in appeetiinef!. and posseasee 
the same degree of aoJubility. 

ChrjfwmnuUe of Zinc cryetalliees in smaU dark red needles with gold^green reflection. 

cnTSAJrxUO ACI». This name was given by Fritssche to a bluish-red 
substance obtained by the action of potash upon indigo; according to Gerhardt 
howerer (TraiU, lii 621), it is nothing but a mixture of iaatin. white indimx and 
possibly <^er products. (See Indzoo.) 

CHATSAVZSIG ACZB. C»H‘N*0’ - C»H*(N0'')»0 (Cahours, Ann. Ch. Phys. 

' [3] xxvii. 464).— This acid, which is isomeric with trinitninisol, and may also be re- 

garded as methyl-picric acid, C«H^(CH*)(N0*)»0. is produced, tocothcr with di- and tri- 
nitraniaol, by the action warm ftiming nitric acid on anisic acid (p. 300), When 1 pt. 
of perfectly diy anisic acid is very gentJy boiled for liaJf or three-quarters of an hour 
with 2J pta. of fuming nitric acid, and the somewhat thick liquid is mixed with 20 times 
its bulk of water, a yellow oil separates out, whicli soon coagulates into a solid mass 
consisting of chiysanisic acid mixed with di- and tri-nitranisol. This mixture, in the 
form of fine powder, is washed on a filter with ammonia diluted with two or tJireo 
times its bulk of water, whereby the acul is extracted ; the ummoniacal liquid, jifter 
being evaporated to one-third, yields on cooling brown needles of the ammonia^ilt. 
These crystals are dissolved in water; the solution mixed with dilute hydfoehlorio 
acid; the separated yellow flakes are collected on a filter, reix'atwlly washed with coM 
water, dried between bibulous paper, and dissolved in hot alcohol ; and the scales 
which crystallise from the solution on cooling are dried. 

Chrysaniaic acid forms small goldou-yellow rhombic tables, nearly insoluble in cold 
water, sparingly soluble in hot water, whence it crystallises on cooling. It is but sligli tly 
soluble in cold alcohol, but dissolves so abundantly in hot alcoliol, that the liquid 
solidifies on cooling. It dissolves in ether, especially if hot, and crystallises in shilling 
laminae as the ether evaporates. The acid melts when cautiously heated, and solidilies 
in the crystalline form on cooling; at a stronger heat, it emits a yellow vapour which 
condenses in small crystalline scales having a strong lustre. 

When boiled with strong nitric acid, it is eomerted into picric acid. Distilled with 
aqueous chloride of lime, it yields chloropicrin, liy boiling with potash, it is con- 
verted into a brown substance. 

Ckrvsanisate of Ammonium . — The solution of the acid in dilute ammonia., evaporated 
over the water-bath, yields on cooling, small brown needles having a strong lustre. 
Finer crystals ore obtained by spontaneous evaporation of the solution. 

ChrytanuaU of C’IPK(N0*)*0, is obtained by exactly saturating the acid 

with potash. It is very soluble. 

The amraonium-saJt produces in solutions of rfnc-salts, a pale yellow precipitate ; with 
nitrate of eoh^t^ a greenish yellow gelatinous precipifato ; with nitrate of a 
copious deposit of chrome-yellow flakes ; with ferr/c salts, a pale yellow; with cu/jrio 
salts, a gr^nish yellow, gelatinous precipitate ; and with mercuric chloride, yellowish- 
red flakes, which in dilute solutions appear after a time only. 

Chrifoanf^ate of C^H^Ag(NO*j*<). — The ammonium-salt forms with nitnito 

of silver, beaati^ yellow flakes, wliich must be washed with water and dried in 
vacuo. 

C'ki^$anUate of Etkyl^ C^H*(C*H*)(N0*)®0, is obtained by saturating the alcoholic 
solution of the acid with dry hydrochloric acid gas, gently lioiling for iKime time, and 
then adding water. The resulting precipifato is wasTicd, first witli amnioniacHl, nfler- 
wards with pure water, then dissolved in lioiling alcohol, and the solution is left to cool. 

It forms transparent ciystalline laminse of a splendid golden-yellow colour, melting at 
about 100® C. It is soluble in warm ether, 

^nnvnAXrniSIlIVM SBOBTITMc The ash of this plant has been analysed 
by Bangert {f, pr. Chem. Ixx. 86).— The fresh plant yielded 1-61 tMir cent., the plant 
dried at 100® C, 8'62 per cent ash (63*3 per cent of which was soluble in water). The 
ash contained in lOOpte: 24*86 K’O, 6*21 Ka<0, 14 08 CaO, 6*06 MgO, trace of 
ttanganeae, 6*12 SO», 12*36 CO*, 6*16 P*0*, 4*88 8iO*, 16*10 NaCI, with 3 06 sand and 
charcoal 

CXBT8ATB1C ACIB. (Mulder, J. pr. Chem. xlviii. 16.) Aloeretic arid. 
(Bchunck, Ann. Ch. Pbarm. Iv. 240.)— An acid produced^ by heating chrystimmic 
acid ^th alkalis. Chiysammic acid heated with potuh-ley dissolves, forming a bro«*n 
aolation» from which, according to Mulder, acotie add does not precipitate anything; 
acoortBng to Schunck, however, a brown precipitate is obtained. The solution of the 
potassinm-aalt yields with acetate of lead, a brown precinitate containing; according 
to Tonningen's analysis, 68*71 per cent PbO, 19*08 C, 0*78 M, and 6*61 K. With 
chloride of barium, a precipitate is formed, oostainiitf 30*80 per cent BaO, 28*03 C, 
and 1-82 H. (Schunk.) These analyses do not lead to any satisfactory formula. 



m ^ CHRYSENE-^ GHBY^^AKiC ACID. 

€fKMTBmMf n(yE\ (Laure^l^ Ann, Cb,PhjA [2]lxvL 
bfdjcocarbon obtained, together with jpyrene, Ijj tfie ^distillation of fats, Tesins^ anj 
coal : it may he extracted from^coal-tar by ledktUlation, The products which pass on p 
towards the end of the process, consist of a soft yellow or reddish mass, and a thick 
oil containing mystalline scales. That Trhich condenses in the neck of the retort is 
chi^jr chrysene^ the pyrene passing for the most part into the receiyer. By treating 
the mass in the neck of the retort with ether, the pyrene and certain oily matters are 
dimlyed out, while the chtjsene remains in the pulvemlent state. 

Ptffe chiysene has a fine yellow colour; it is c^stalline, destitute of t^te and odour, 
insoluble in water and alcohol, nearly insoluble in ether : oil of ti^entine dissolves it 
at the boiling heat, and deposits it on cooling in yellow crystalline flakes. It melts 
at 230® — 236® C., and solidifies on cooling to a deep yellow mass composed of needles. 
At a higher temperature, it distils with slight alteration. 

‘Nitrochrysene, «C®H‘'(NO*), produced by the action of strong boiling nitric acid on 
chrysene, is a red prjwder, destitute of tiiste and odour, insoluble in water, nearly 
insoluble in alcohol and ether. It is dissolved with brown colour by sulphuric uei«i, 
partially also by alcoholic potash. When quickly heated in a closed tube, it mdu 
and decomposes with explosion. 

CBftTSlwnZir. A product of the decomposition of chrysammic acid by aiU' 
monia. (Mulder, p. 966.) 

CHBTBOBS&Ylb. Cymopham^ Chrysopat. — An nlnminate of glucinum, AV'Cl "u*. 
or Gr’0.A'‘*0* generally containing 2 or 3 per cent, of iron. It is usually found in round 
pieces about the size of a pea, but sometimes in eight-sided prisms with six-»i<l( >1 
summits, belonging to the trimetric system. Specific gravity 3*6 — 3*7. Hardness 8v). 
Lustre vitreous. Colour various shades of green. Streak uncoloured. Transparent ur 
translucent, sometimes with bluish opalescence internally. Fracture conchoidal, uneven. 
It exhibits double refraction, and becomes electric by friction. It is infusible alom* 
before the blowpipe, and very difficult to ffise with borax or phosphorus-salt. AVitii 
carbonate of sodium, the surface is merely rendered dull. It is not acted upon by acids. 

Chrysoberyl is found in Brazil and C^lon, in rolled pebbles, in the alluvial deposit 
of rivers ; and in granite at Haddaw, Connecticut, Greenfield, near Saratoga, New 
York, and Orange Summit, Vermont. When transparent and of sufficient size, it ii 
cut into facets and forms a gem. 

Crystals of ch^soberyl have been formed artificially by exposing a mixture of 
alumina and glucina in the proper proportion, together with boracic acid as a fiux, to 
the heat of a pottery furnace for several days, tiH the boracic acid is completely vola- 
tilised (Ebelmen, Ann. Ch. Phys. [3] xxii. 211; xxxiii. 34). [For the crystalline 
form of the artificial chrysoberyl, see Jahresber. d. Chem. 1861, p. 765.] 

. A variety of chrysoberyl c^ed Alexandrite^ from the Ural, exhibits pleochroiani, 
viz. by penectly white Hght, an orange-yellow colour in the direction of the longer 
diagonal of the base, colombo-red along the shorter diagonal, and emerald-greon along 
the principal axis. (Hai dinger, Pogg. Ann. Ixxvii, 228.) 

0BRT8000&BA. The Greek name for borax. Applied also to silicate of copper. 
OBRTSOBABXkKXmB. Syn. with NimoHABHixCNB {q. v.) 

CBBTaoiBXB. ? — ^A yellow colouring matter said to exist in very small 

quantity in asparagus-berries. 

CBBTSOZiBFZC BGZB. Syn. with Picric Acid. 

CBBT80UTB. Peridote, Olivin. — A silicate of magnesium and iron,(Mg;Fe)* 
SiO*. occurring in basalt and lavas, in prismatic ciystals of the trimetric system, also 
massive and compact or granular; colour olive and other shades of green. The term 
Chrysolite includes the transparent crystals of paler coloiov (Himne ([so-called 

from the olive-green tint) is applied to imbedded masses or grains of inferior colour 
and clearness. (See Oijvinil) 

CBamOMBBABm Syn. with FIoonast. 

OBBT0OPAB. Syn. with Chbtsobsbtl. 

CnBTSOPBJLBBi See CUMTONim 

OBBTMPBABZO AOD. Chrys&j^ne^ RhyJbarbaric acid, Rkuharbarin, Rhu* 
harb-yeUow, Rhein, Rheie acid, Rheimtin, RhaponUdn, Rumicin, C**H*0*, or 
The yellow colourutt principle of rhubarb azul of the wall lichen (Parm^M parietinai. 
It was flint obtained in an unpm state by Herbei|^, Hulk, and Brandes, aftenrards 
analysed by Bochleder and Heldt (Ann. Gh. Pfiarm. xlviiL 12), vdio extract^ the 
miVsnbstanoe from the ParmdUt; also by Hoppi n]e and Schlossbeitter (ibid, L 
216), by He La Bue and Muller (Chem. Soe. w KvX. 298) and fagi^hann (Ann. 
Ch. Pharm. ovii. 324), who obtained it from rh|ilMu*^ 

Preparation from ParmHia pariciina . — TIfe dried lichen is digested in the cold 



OGRTi^piiiinc ACID. m 

«i(3i aleohalio pMM& or aattnoidK: th« dork infkision is 61terad and mixed villi 
aoetio acid; the bulky ycUow flocks thereby precipitat^ are washed with water and 
fedissolved in alcoholic potash, a certain quantity of resin then remaining uncUssolPsd t 
the liquid is again preapitated by hydroclilopic acid ; and the precipitate, after wash* 
iug and drying, is redisaolved in a small quantity of boiling absolute alcohol The 
solution then deposits chrysophanic acid in the crystallised state. 

Rhubarb ,^ — Bulk prepared chry^phunic acid from rliubarb by exhausting the 
root with alcoholic ammonia, precipitating with siibacetate of lead, and decompociiig 
the precipitate, suspended in alcohol, with sulphuretted hydrogen. Scblossherger and 
Dopping exhaust the pulverised rhubarb with 80 per cent alcohol; evaporate; redis* 
solve in a small quantity of alcohol ; add ether to the solution to precipitate certain 
resinous matters ; evaporate the filtered solution to the ci^stallising point ; and purify 
the chiysophanic acid thus obtained by repeatcMl eiystallisation from boiling absolute 
alcohol 

Be la Bue and Muller And that chiysoplianic acid may bo extracted from rhubarb 
with much greater facility by means of benzene or the light hydrocarbons obtained 
from Burmese naphtha, these liquids dissolving it very readily, to the exclusion of the 
greater part of the other constituents. The crushed root is first macerated in water, 
which removes aliout 50 per cent, of soluble matter, then drietl and treated with 
benzene in a Mohr*s displaeemeut apparatus ; the gwaU‘r part of the benzene is then 
distilled off ; the residue, which becomes nearly solid on cooling, is pressed between 
blotting paper to remove the mother-liquor wliich contains erythrorctiu and a neutral 
fat; the crude chrysophanic acid thus obtained is rodissolved in hot benzene, which 
leaves behind a reddish-yellow substance (f modin)^ an additional quantity of which 
separates as the solution cools ; and the chrysoplianic acid, which afterwards dystalliscs 
out, is further purified by recrystallisation from acetic acid, amylic alcohol, or common 
alcohol The residuary rhubarb, thmwn away in pharmaceutical lalioratories after the 
preparation of the ordinary alcoholic tincture, may bo advantageously uschI for the pre- 
paration of chrysophanic acid this process, inasmuch as it contains about 2*6 per 
cent of that acid, which is but slightly soluble in alcohol, especially in the weak spirit 
used in the preparation of the tincture. The dark coloureu resinous sediment which 
separates from iVneiura Rhci when left to itself, is also rich in cliiysophaiiic acid, and 
be subjected to the same treatment 

Thann extracts the root of Rumex ohiusifoUua with ether ; distils off the greater part 
of the liquid ; washes the dark yellow-brown mass which separates on cooling with a 
small quantity of ether; dries it between bibulous paper; boils tho residue with 00 
per cent, alcohol ; dissolves the dirty green granular mass which separaUiS on cooling 
with alcohol and precipitates by w'ater, repeating tho solution and precipitation several 
times ; purifies the product by treatment with alcoholic ammonia aij<l acetic acid, ns in 
Rochloder and Heldt’s process ; then ciystalliscs it from alcohol, and Justly from ether 
by slow evaporation. 

Chiysophanic acid crystallises from benzene in six-sided tables (monoclinic), having 
a pale yellow or orange-yellow colour ; from alcohol, amyl-alcoliol, or glacial acetic 
acid, in moKs-like aggregates of laminar crystals. It is sparingly soluble in cold water ; 
dissolves in 224 pts. of boiling alcohol of 86 per cent. ; in 1125 pts. of the same alenhol 
at 30® C. It is soluble also in ether and in oil of turpentine, coal-naphthn, benzene, and 
other hydrocarbons {vid. $up,) It melts without decomposition at 162® C. and soli- 
dities in the ciystalline form on cooling. 

The formula of chiysopbaiiic acid is not quite settled. Tho analyses by Bochleder 
and Heldty and by Schfossberger and Bopping, approacli nearly to the formula 
while those by Be la Bue and Miillcr, and by Thann, agree better with 

CatemiaUon^ *1locbledcr Schlottberger Dels Rue CtUeulatirm, 

V and Heldt. and Ddpping. sod MUIIer. Thsiinl 

Carbon . « 11818 68 03 6812 6876 69*62 6912 

Hydrogen . 4*56 4*57 4*58 * 4*25 4 39 413 

0:i7gen. . 27*27 „ „ 26*45 

100*00 loo-od" 

^ CiuTaophuiic acid subjected to dry distillation, partly sublimes, while another por^ 
tion hieomeB carbonised. Bilute nitric acid does not appear to act upon it, even at 
the boiling heat, but the strong acid converts it into a red substance. Strong sulphuric 
aeiddideemo without decomposing it, and water |weeipitatcs it from the solution. 

The 0^ dissolves in ollrifllis with Bne deep purple eoloiir : the reaction is ▼5iydell^ 
cate, so tluv|:#^late solution .0f cduysophanic acid may be used as a test for ainUis. 
Itssolnttonbtjptash may be eitSipomted to dryness without alteration ; but at a certain 
degree of ockfieentiiidon, it or violet fioeks, which redissolve in water, or 

atoohol, fintmiiig red solutioas. If thii^^imrple solution of the acid in moderately strong 



potAflli, together with the HoccnUnfi ^ ^ . 

^d in a dosed Teasel, the nikdi being V:l6»iW|i; tile ^dni- of- tS 
- ehaages to hrowniah-yeBow, end the preajiMte disii.i 9 eKn : on aubsequent ex^ J? 
the in, the <a%inal colour and the preeipitati reinoduoed. Hydwte of pob^„„ 
^at its w«>d"K point does not act Ai ehi^phame add at flrat ; ■but if lie heat V COB 
tintied or increased, the liqtiid turns lalue and decomposes, emitting an odour likp th * 
-^pc^lio alcohoL (De la Bue and Muller.)^ 

With bar^ and oxide of lead, {shayaopboDie acid forma very nnstable compounds, 
which are decomp(^ed even bjrthe earhomo acid in the air. Ita a/coAoiic wluhoa 
forma with aJooboUc aubaeetate of lead, a reddiab-wbite precipitate, which changes to 
• rose-red by boUiag with water ; no precipitate ^tb neutnl acetate of lead. The am- 
moniacal solution ofcbiyaopbanic acid yielda with neutral acetate of lead, a lilac; with 
alum, a beautiful rose-coloured precipitate. (Than n.) 

CBRraOPSASa. An apple-green or leek-green variety of chalcedony coloured 
by nickel. 

CBR'S'SOPRAJBa BJLRTB. See Piuelitb. 


CBBXJBOBBTXB. A yellow resin obtained from senna-leaves by evaporatiiif{ 
the aqueous extract, treating the residue with alcohol, evaporating, dissolving in ether, 
and again evaporating. It is a mixture of several substances, perhaps containing 
chrysophanic acid, or a similar add. (Bley and Diesel, Jahresber. 1848, p. 828.) 

CHRyBOBHAiWtyiy. A yellow crystalline substance contained in Persian 
berrios or yellow berries {praines tP Avignon, Krautz-beeren), the fruit of Rhawmt^ 
amygdalinua, R. olet/ides, B. saxatilis, ^c., especially in the unripe state. According to 
Kane (Ann. Ch. Phys. [3] viii. 380), it may be extracted from the berries by other, in 
which it is easily soluble. It is nearly insoluble in cold water, soluble in alcohol, and 
contains 58*02 per cent, carbon, and 4*7 hydrogen, whence Kane deduces the formula 
By boiling with alcohol or water, it is decomposed, yielding anr)thep 
eolovaixig matter, Xanthorhamnin, C**H®*0**, which is soluble in water and alcohol, but 
insoluble in ether. 

Gellatly (Edinb. K. Phil. J. vii. 262), by treating Persian berries with ether, ob- 
tained neither chrysorhamnin nor any other characteristic substance ; but with alcohol, 
he obtained a yellow substance crystallising in needles, which appeared to be xantho- 
rhamiiin. 

According to Bolley (Chem. Soc. Qu. J. x^ 327), PersiiMt berries yield an abun- 
dant extract when treated with crttdc ether (tffis may perhaps explain the ditferencs 
between the statements of Kane and Gellatly) ; and on evaporating the ether, dissolving 
the residue in alcohol, filtering, and evaporating with addition of water, stellate groups 
of yellow needles are obtained, which are not altered by repeated solution, boHiug, 
and precipitation. They gave, by analysis of iWo specimens, 58*87 and 60*239 per cent, 
carbon, 4*66 and 4*18 hydrogen. The crystals were somewhat soluble in pure ether, 
sparingly in water, easily in alcohol. The solution gives with neutral acetate of 
lead, a brick-red precipitate ; with nftrate of silver, a blood-i^ liquii^ and afterwards 
reduced silver. Hence, and from m analysis, Bolley condudes that this substance is 
quercetin (?. v.) 


CBRYSOTIJUB. See SmuPBiram. 

CKITbARXOSB. Unciystallisable sugar. (See Suoai^)' 

OBtrsm. See Oliyikb. . 

CBYRB^ {li ehm an n, Gntelin* 9 Handburh, yi\i. 2^. try, ii. 
281. — Pelouse and Fr4my, Ihasti, vi 162).— Chyle is thit w|lie p^Ucts of 
digestion which is absorbed by lacteal vessds te^minaHng ill tbd^her suHboe of 
the small intestinea, chiefly tha* j^unum, and thence pairing bj^ ti^iniir^ oblivefging 
Bt.ream| into the main trunk of the absorbent system, called tba duct, throngh 

which it is graduafly poured in^hUhe blood thifa^anbdaTialii^mjpB abort dudance 
»befoieit enters the right side^itfthe heart. . , 

The physical properties of diyle differ according to the naOW^^Wr ilftflhal to 
which it belongs, the condition of the animal, whether lately fed w)iMrii||fe|M 
nature of the Md baa been taken. Chyle obtained fteitt . 

during digestliMii ii an Opaleaeeiilfe yellowish-white or pate red a 

faint, peefiiar odbar, « somewhat fal^ and mawkish taste, and 
paction ^ita or 

whi^’teddiah on eocpoeare ta ' the . aiR..aa of 

hmpfl^ lira aatnnt of chyte^ affrr cteCi^yriliM >s never 

it dSSr lidt uaoanjtfbaeoM Ahrb^ on briling with: iri^ 



^@pa9Ci%]!£ 

mtUv howvrer, gonenUy depend only a ftw «t 

•hiaII dote. Aoede imd olm paodueM a turbidity in the lerum, and the fUta^ 
dqoid when eviy?ora|ied ezhibita on ita^surfaoe, colourless transparent Alms of albuiiU!* 
Date of eodiijip^^' Ethw does not eoa^late ohyl^serujn, but renders it dearer^ a«4 
between the ether and the serum thexe is formed a creanL'liko struium of a diztif v 
yellowish-white colour. 

The chyle of birds, amphibia, and Ashes, m nearly transparent and colourless^ ha 
horses it is of a deeper red colour than in any other animals which haTe been 
examined with reference to this subject. That of carnivora is comparatively thick and 
milky ; that of herbirora, thinner and more transparent ; in cats, it is of a perfectly 
milky whiteness, whatever may be the nature of thoir food. Durins digestion, the 
chyle is for the most jjart very turbid ; at other times it forms a faintly opalescent 
Amd, exhibiting a reddish colour only in the thoracic duct. 

The morphological elemend of the chyle, are: 1. iihctremdy small granules, consist- 
ing of drops of fat enclosed in au albuminous onvelopo. — 2. Granules bound toother, 
by a hyaline substance, witli or without nuclei, and separate granules with distinct 
nuclei^ — 3. The so-called chylo-cells, 0*002 to 0*0055 of a line in dianieter, the granules 
of which mostly become visible on addition of water or acetic acid.— 4. The transition 
forms of the several structures from tlie more simple to the more complex. — 5. A small 
quantity of coloured blood-cells, especially in the chyle of the tlioracic duct. 

ThecMeTftical constituents of chyle are veiy nearly tlie same as those of the intercellular 
Auid of the blood. It is didicult, however, to obtain chyle of constant composition, 
partly because it varies with the quality and quantity of the food taken, partly because 
it is always more or less mixed with lymph and blood. 



“Tho Jiirin of chyle is in general less contractile and more gelatinous tljan that of 
Mood ; like the Abrin of many pathological exudations, and that of Ash, it sometimes 
redissolves after coagulation, especially if heated j it is usually dmititute of the Abrous 
structure of blood- Abrin ; dissolves veiy easily in dilute alkalis, carbonic acid, and 
orgahig^mids; also, after a while, in solution of nitre, and even in sal-ammoniac; from; 
its solution in acetic acid, it is completely precipitated by sal-ammoniac, and from its 
solution in sal-ammoniac by acetic acid. 

The albumin of chyle contains a larger amount of alkali than that of blood ; it is 
not render^ turbid, even by very groat dilution with water; when boiled, it forms, 
not coherent Aocks, but a milk-white opaque liquid ; on evaporation, colourlosH Alms 
form on the surface* The aqueous dktract of the chyle-residue has a strong alkaline 
reo^ion j on neutralising it with acetic acid, a turbidity is produced, wliich afterwards 
redissolves ; on subsequently adding ferro<^*anide of potassium, a copious precipitate is 
formed.^ The original i^ueous extract becomes strongly turbid by boiling witJi sal- 
araipomae, also on addition of nitric acid. From chylc-iuburoin cxlmusled with water, 
alooh<^ and ether, Lehmann obtained 2*068 per cent, of ash, con taming a considerable 
quantity of alkaline salt which effervesced with acids. 

The /at of cl^le is mostly unsaponiAed in the smaller lacteals, siiponiAod in the 
thoracic du|^ Chyle dbes not appear to contaimany civHtallisable fat. 

The existence of niffor in chyle is doubtftil ; that of Hlt-constiiumtny though pro- 
bable, has not been demonstrated. Lactic acid was found by Lehmann in the chyle of 
two horses; one of which had been fed two hours before death, with oaU, the other w'ith 
staich. ^ 

Chyle iMeir rich in alkaiis^ combined partly w'ith albumin, partly with lactic and 
sebaeie aeidli Imnea the. ^lieous solution of the ash has a strong alkaline reaction, 
and efferreioett^th addia SulphaUt of the alkalUmetaU are found in the ash, but 
oot m the ch^ iMf. mphdoya nidee are not foiihd. Alkaline plirwphutes occur in 
» ^ T vegetaMe food. ThecM^idee of eodium 

preseilMi nmgr be due to admixed blood- 

Manly nutrition, the chyle is poorsr in solid constituents, espe- 
...-...-^uentiy has a turbid but not a milky appeamnoe. 

whether animal or vegetable, increases 4he quand^ of iat in too 

of the thomcio duct, two hours after deadi, offa man killed hy 
lilmd 98'48 per cent water, 7*08 dbumiit with traces of Abnn, 0*5jl 
0*8 alcoholic ea(traet- 0*^ i^oiiit^dilgbonate, and sulphate ^ potaur 


111 I iiijillln. mjrl. at tilN« 

la 





CHTME-CICBcMti^hTTBUS. 



l. 

A II. 

Ml 

Water . 

949-870 

928*000 

916-000 


1-186 

10*010 

0*900 

Albumin . . • • • 

42717 

46-430 

60*630 

Hbrin . . 

0A40 

0*805 

0*900 

Hsmatosin • 

0*474 

trace 

6*691 

Extractive matter and ptyalin 

8*360 

5*320 

6-266 

Chloride and lactate of sodium with traces of 




calcium-salts . 

— 

7*300 

6-700 

Sulphate and phosphate of calcium with traces 


1*100 


of oxide of iron . . * . 

— 

0-8S0 


1002*847 

998*965 

996*836 


The first of these analyses does not, howeyer, admit of direct comparison vith tLe 
others, as it evidently applies to the organic matter alone. 

In the chyle of a cat, Nasse found in 1000 pts. : 9057 water, and 94*3 solid matter, 
consisting of 1*3 fibrin, 327 fatty matter, 48-9 albumin, globules resembling those of 
the blood, and extractive matter, 7*1 chloride of sodium, 2*3 other soluble salts, trace 
of iron, and 2*0 earthy salts. 

OHTim. This name, now but little used, was applied to the products of digestion 
contained in the small intestines, before they have been submitted to the action of tlie 
hile and pancreatic juice. 

CHTMCOaxaTi A peculiar nitrogenous matter existing in the gastric juice (j. v.) ; 
also called or gasterase, 

OBTTOMnXliXTB* A name applied by Hausmann to certain slags from blast- 
ftxmaces, having a broadly laminar structure. They are mainly ferrous silicates, 
2yeO.SSiO^ the iron being partly replaced by calcium and the silica by alumina. 
(Jahresber.-f, Chem. 1860, pp. 26, 710; 1861, p. 768; 1866; p. 842.) 

CBTTOSTXXiBXTB. Badiate blast-furnace slags, having the composition of 
augite, M*SiO* or the silica being partly replaced by alumiiia. (Haus- 

mann, Jahresb. f. Chem. 1866, p. 843.) 

OXBOTXIIM CBMEnmx. An East Indian fern, the haiiy stem of which is 
much used as a means of arresting hemorrhage. It contains wax, resin, tannia acid, 
crenio acid, &a (v. Bemmelen, Vicrte(j. pr. Pharm. v. 321.) 

CXCBB ABXBTXBirM- The The bairs of the stem, leaves, and 

other parts of this plant exude an acid liquid, containing oxalic, acetic, and perhaps 
m^c acid, and, according to Dispan, another acid peculiar to the plant. 

OXOHOmzm BBTBXVXA. SeeENDmt. 

OXCROBXnBK XWTTSV8* Chicory . — The root of this plant is extensively 
used for mixing with coffee. The following table exhibita the composition of the 
organic part of the wild and cultivated varieties, as determined by v. Bibra; 


Ciirtlrated. Wild. 

Fat, insoluble in alcohol . . . . . . 0*07 0*47 

Resin 0*84 0*96 

Organic acid, precipitable only by subacetate of lead . 1*01 1*18 

Organic acid, precipitable also by the neutral acetate • 2*54 2*51 

Sugar IB-08 87-81 

Imilin 19-12 10-90 

Albumin . . . . . . . . . 0*12 0*15 

Tannic acid and volatile oil trace trM 

Woo^ fibre 54*21 48*W 


^ 99*99 inm 

The chief difibrenoe in the composition of the two varieties i^rpeai^ to be m the re- 
tative propQortioiis dt innlin and sugar. 

Anaeriom(HIsd^dAgrieiS^ Joiini. 1853, p. 61) found in a speciiM of diieofy 
eultivatedis YorhisBixei 1*6 per cent dltrogen and 3*6 ash; in another, firom then^gb- 
bourhood of Glasgow, 1*5 per eent niteogniwd 67 ash. 

The le|T^ contain in 100 pts. 90*9 water and 1*42 ash. (Andj^HOn.) 

The ccan^britiflii of the of tho root and Uaves of cbiocai^as determined by 
Anderson 4^)9 and by Graham, Stenhonss^ and Campbell (C2ieBi.8oo. 
On. J. k. 45^ IB as ftliowa: 



CSfctTTINE — CIDER. 


€hmpo9iHoni\f CHicoBT-Asif tn 100 pti. 


Potash 

Sods ... 

Lline . • . 

Magnesia . . • 

Ferric osids . • 

Silica 

Sulphuric add (aa- 
hydrlde) 

Phosnfaorlo acid (an- 
hydride) . • 

Chloride orpotastlum 
sodium . 
Chlorine . . • 

Carbonic acid (anhy- 
dride) . 

r Root, ^ 

Leaves. 

Anderson; 

An 

Scotch. 

idersoB. 

Yorkshire. 

Graha 

Darkest 

Rngllsh 

(Yorkshire.) 

n, Stenliou 

English. 

»e, and Campbell. 

Foreign, Guernsejr. 

S4*6 

8-9 

10*1 

67 

0-8 

4*4 

i5*a 

161 

8“o 

55*1 

VB 

4*1 

1*0 

1*3 

6*2 

13*0 

13 

8*8 

37 07 

M»99 

10 34 

5-H3 

4-21 

381 

10 95 

11*81 

5^ 

1*97 

17*13 

18 4a 
lO-.M 
787 

3 41 
161 

11*48 

12-29 

oTo 

3»r4 

40*20 

277 

6*79 

4*06 

7*24 

11*75 

7*31 

9*60 

4^ 

3*81 

41*41 

4*91 

6 8.5 

4 97 

4 r>5 

10*51 

7 76 

8 59 

5‘^9 , 

4*12 

mt 


99*9 

99*8 

100-49 

100-02 

99*53 

IHJ-5T*' 

1*9*7 j 


When chicory-root is roasted, several volatile produrfs are piven off mid on con- 
densing them, a yellowish liquid is obtained, which has a sham unpUamiiit odour 
colours tlie skin permanently dark brown, and contains tannic aeiil The juiueoui 
infusion of the roasted chicory contains sugar, a bitter substance, erapyreumaric oil 
substances which exert a strong reducing action on gold and silver-salti, and orgunii 
acids precipitablo by lead-salts. It has a disagreeable taste, and, if taken in con- 
siderablo quantity, produces nausea and sometimes giddiness. (Handw. d Chcin. 
ii. [2] 24.) 


ozoumra. An alkaloid but little known, said to exist in the water-hemlock. 
Cteuia viroacu (P o lex. Arch. Pharm. xviii. 174. — Witts tein, Buchner’s Beport, 
xviii. 19.) 


CZBIK A feiroent^ liquor prepared fVom apples. Large quantities of it ore 
miwie in Ilerefordshire, Devonsliire, and the a^oining counties ; in the counties of 
Waterford and Cork in Ireland ; in Normandy and Picardy in France; in BelKiiinr in 
Oermany; and in many parts of the United States. ' 

The apples used in the preparation of cider, ripen at different seasons ; in this 
country, the earliest be^in to fall from the trees at the end of September, but the nia- 
^ attain their maturity till about the end of November or the beginning of 

To make good cider, it is necessary that the apples be quite ripe, to ensure which, it 
IS customary to leave them to ripen for a month or more after gathering; they must 
not, however, be allowed to get over-ripe, otherwise the quantity of sugar will diminish. 
The average proportion of sugar in apples at different stages of maturity, has been 
found to be aa follows; 


Unripe, Ripe. Orer-rtpo. 

4*90 11*00 7'96 

To make cider, the apples are thrown into a circular stone trough, usually alwut 
18#t in diameter, called the ch€U€, round which the runner, a heavy circular stone, is 
turned by one or sometimes by two horses; the pulpy fruit or “ mist ”, is then enclosed 
in ^arse bauvcloths, and subjected to pressure by a screw-press, and the brown juice 
which exudes is poured into casks placed either out of doors, or in sheds where there ds 
a frw corrent 4^air. Sometimes the diy residue which remains in the bags, is mlxcKl 
vith watev^^piioiind again, and the liquor pressed out as before. This Utter product 
m^es what IS called water-cider,” a thin unpalatable liquor which is given to the 
Ubonren eai^ in the year. 

About thrM or four days after the juice has been transferred to the casks, it begins 
tof^ent, the thick heavier parts then eubsiding to the bottom, while the Iighti>r 
pceome dear InUht cider. This is then radied off into another cask, and the sediment 
la pftt to str ain linen ba«, the liquid which coses through being restored. 

ftrmcntatioiils the most delicate part of the process; fermentation leaves 
tm liquor thidc and unijaUtabU ; rapid fermentation impeim its stren^ and d nrabiliijr ; 

^^Krmentiition makes it sour, harsh, and thin. Olllsr ^ings being Mual, 
wat doer will probably prove the best in which the rtnous frnnentation has pro0med 
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aowlf, and ha* not been efloWrf.to pass Into the acetone. If the cider doee notcl« 
apontaneoaely; fininge, aueh ae ieingjaaa, egga, ot blood, are added, aein theprenant^ 
of ^beePp ... 

• At the beginning of January, the cider is moved mto cellars, where, by Unm 
growers, it is fireqnently stored in casks of great capacity, containing 1000, I5oo ^ 
even 2000 galldnsp In March, the liquor is bunged down; it is then fit fop sale, and 
may be used soon afterwards, though it will greatly improve by keeping. For bottled 
or efifervescing cider, the liquor should be bottled or wired down in the September or 
October after it is made; some persons prefer an earlier time, the end of April or the 
beginning of May. A more effervescent liquid is thus obtained, but .considerable Joss 
occurs from the bursting of bottles. (Penny Cfyclopadia,) 

The strongest cider contains in 100 volumes, 9’87 volumes of alcohol of 92p&p cent.; 
the weakest^ d’21 volumes. (Brande.) 

omnczo Jiczn. C**H”0* « (Carius, Ann. Ch. Pharm. cxiv, 

147.) — ^An acid, belonging to the oleic series, contained in the fetid oily liquid ejected 
by a kind of bug (Rhaphiyaster punctipennis) when irritated. To prepare it, the in- 
sects are treated with strong alcohol, which extracts a brown resinous substance, then 
macerated with cold ether. The solution thus obtained, yields the acid by evaporation, 
aS a coloured mass ; it is purified by. converting it into a barium-salt, washing with 
water and with dilate alcohol, then decomposing the salt with hydrochloric acid, and 
drying the resulting fat between 40® and 60® C. Two or three hundred of the insects 
yield about 12 grms. of the fatty acid : the insects freed from fat and dried, weighed 
23 gmm. 

Cimicic acid is a yellow crystalline mass, having a peculiar rancid odour : lighter 
than water and insoluble therein; very little soluble in alcohol, easily in ether, from 
which it crystallises by slow evaporation in stellate groups of colourless needles. It 
melts at 44® C., and, when subjected to dry distillation, yields,* besides gases, an oil 
which solidifies on cooling, and appears to contain some nndecomposed acid. 

Cimicic acid, treated with pentach/oride of phosphorus, gives off hydrochloric acid 
gas, and forms a liquid which, when shaken up with cold water, yields chloride of 
cimicyl, as a heavy oil, which solidifies at about 44® C., does not crys- 

tallise distinctly ; dissolves in ether without alteration , is immediately decomposed 
by alcohol into cimicic ether and hydrochloric acid ; and by potash into cimieate and 
chloride of potassium. 

Cimicic acid in alcoholic solution is strongly acid. It dissolves easily, with aid of 
heat, in aqueous alkalis. 

The cimicates have the composition Those of the alkali-metals 

dissolve in a small quantity of water, but a larger quantity renders the Bolution.s 
opalescent ; they ftroth with soap-solution, and are precipitated from their aqueous 
solutions by excess of alkali and by chloride of sodium. The cimicates of the earth- 
metals and heavy metals are nearly or quite insoluble in water and alcohol ; the had- 
salt only appears to be slightly soluble in ether. The silver-salt blackens quickly 
when exposed to light. 

Cimieate of Ethyl, C**H*(C®'H-*)0*, obtained by treating chloride of cimicyl with 
with alcohol and precipitating by water, is a light yellow oil, smelling like the free 
acid, but stronger : it is lighter than water ; does not solidify at 0® C ; dissolves readily 
in alcohol ; turns brown when heated. 

Syn. with Htdbidb of Czbxamtx. (p. 988). 

Ldwig*8 name for the radicle C*H^ which he supposes to exist in 

cinnamic acid. 


OZMOWTa or CZHKOUAW BAStXKf the cimolia of Pliny, which was used 
by the ancients both medicinally and for cleaning cloths, and which has been con- 
founded with filler's earth and tobacco-pipe cl^, is found in the island of Argentiera, 
the ancient Oimolus, also in Bohemia and in Busaia. ,It ia ^ b ]Ulght greyish- white 
colour, acquiring superficially a reddish tint by expdenm^^^^liie air; massive; of 
an eaJ^y, uneven, more or less slaty firacture ; opi^ue w^'^Uhaved with a knife, 
smooth, a^ of a greasy lustre ; tenacious, so aa not without 4lfB^ty to be powdered or 
broken ; and adhering pretfy firmly to the ton^e. Its speoBlS gravity is 2T8~2*30. 
It is immediately praetrated by water, and s^mts into thin of a curved slaty 

form. Triturated with water, it forms'U |Mppy mass; and lOd grains will mve to three 
ouncea of water the appearance and consistence of a thickish cream. If left to 
after being thus ground, it4etaehee itself^ ggbard bands, somewhat flexible, and stiB 
more difficult to |wverise than before. ^ 

When it is gnou^ with water, and appUedto sdl: firiroollen fiibrics greased with oil of 
/dinoBda,''^e .oil is completely diseharged by hsl^d^t washing in water, after the stafSi 



i — CINCHONA BARK. 


Imv* bMA hmiig vp a dajr to dry, without the leaet iiyuij to the.beiiii^ of the oohmE* 
It ie stUl need bj the natlTee of Argentiera ibr the eame purpoaee lii of old. 

The foUowing are analjreea of cimoUte:~a. From Argentiera, by Klaproth ty* 
A From Alezandrowski in Ruflaia, by lUmoff: — c. A peeudomorph of augite (aleor 
called anauxite), from the decomposed basalt of Bilin, Bohemia, by Ramm^lwrg: — 
d, ALsa called pdiJIeanitet from the decomposed granite of Kiew in Russia, by Oueha* 
koffi {SammeUberg*8 Mineralckemie, p. 683.) 


SiO* 

Al*0* 

Fe<l' 

a, 63*00 

23*00 

1*26 

A 63*62 

23*66 

— 

c. 62*80 

24*23 

— 

dL 66*66 

22*84 

0*44 


Ca*0 Mg^O K*0 

0*88 — Z 

— OSS 0-30 


P*0» 

n»o 


... 

12*00 

- 90*26 

— 

12*00 

-> 99*07 

— 

12*34 

-> 99*70 

0*17 

9*31 

99*28 


The first three analyses agree nearly with the formula 2Al^*.9SiO*-i-8aq., which is 
that of a sesquisilicate, and reducible to 2a/0.dSi0*-l-2aq.ora/*Si0*.Si0*-f2aq.; the 
fourth contains the same proportions of silica and alumina, but only 4 at. water 
2Al*0*.9Si0» + 4aq. 

Cimolite appears to be formed fiom augite containing alumina and magnesia, by the 
action of infiltrating waters containing carbonic acid, which ca^ away the magnesia, 
leaving a hydrous silicate of aluminium ,* an addition of alumina may probably take 
place trough the accompanying decomposition of associated felspar. (Dana, iL 164.) 

CZlTACROli. A product of the action of iodine on wormsoed oil (q. v.) 

OXSfJCBUTB and OZWJBBBlfB-CAMFBOB. Constituents of wormseed'Oil, 
according to HirzeL 

CZBJBPHA.ira, CZBJBPBBBB, CXBBFROITB. Products obtained, accord- 
ing to Hirzel, by the action of iodine on wonnseed-oil (g. v.) 

CZirCBOBA Cortex CAitix, C, Peruvianus, Quinquina^ Cascarilla,^ 

This name is appHed'to the bark of the stem and branches of various species of Oin* 
chonu and other genera of the order liuhiacc<Ct sub-order Cinchonea. Those which are 
obuiined from trees of the genus Cinchona^ are called true cinchona barks; they 
contain quinine and cinchonine, aiid have long been known for their antifebrile pro- 
perties; the barks of the other genera of the sub-order above-mentioned, chiefly 
lAidenbergia and Exostemma^ are called false cinchona barks ; they contain certain 
proximate principles, likewise found in the true cinchona barks, namely quinio acid, 
quinovic acid, quinotannic acid, and cinchona-red, but no alkaloids. 

The antifebrUe barks were first introduced into Europe from Peru, about the year 
1638, W the CJountess of Chinchon, wife of the Viceroy of Peru (in whoso honour the 
name (Snekona was given to the genus by Linneeus), and a few years later by the 
.T^muits, and soon acquired great celebrity for the cure of intermittent fevers, being 
known by the names Pidvis Comitisaa^ JesmUcxia^ CardinaliSt Pat rum. The trees 
which yield them were first recognised and described, about a century later, by the 
French a^ronomer La Condamine, in his journey in Peru. 

The true cinchonas grow on the wooded slopes of the Cordilleras, firom western 
Venezuela to northern Bolivia, between 19° N. and 19° S. latitude, in a narrow zona 
extending through a vertical height of al>out 6400 feet. The barks which are richest 
in alkaloids, and ore exported i^ascarilida Jino*9), occur most abundantly from 7°N. 
to 16° S. latitude, and as they require a cool moist climate, they occupy the region 
from 11,160 to 6400 feet above the soa-Ievel, whilst those which contain smaller 
quantities of the alkaloids, and are therrtforo not fit for exportation, occupy a warmer 
and drier zone, between 6400 and 4800 feet in vertical height With these also are 
found the Ladenhergiaa^ which produce false cinchona barlcs ; they extend also 2000 
feet lower through the tropical part of the continent. The Exoateilkniaa^ which also 
produce false cinchona bar^, inlmbit only the hot zone, and are found not only on 
the continent, but on the islands. Since 1863, the most highly prized cinchonas have 
been sucoessfiilly cultivated in Java. The cultivation has also been attempted in 

Al^ria and in IndiaTv^ ^ , 

The collection of the takes place in New Granada at all times of the years 
in Peru and ]^livia« onljr the diy season. The inner bark of the stems and huger 
branches after havingDUOn freed fiom the outer bark, is veiy carefully dried over a 
fire for three or four irccila, the weight of the dried products being about one-third of 
that of the fresh brnku According to Karsten, a tree 60 feet high and 6 feet in 
diameter, yields about 10 cwt. of dry bark ; but such specimens are not often met with. 
In Ecuador and northern Pern, the bailt^ia taken chiefly from the bxanch4a; in 
southern Pent and Bolivia, from both s^ms and branches; it is dried in the sun, 
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either in the forest itself, or in drier sitnations lower down ths JriU-^ide^ Aceftn,?- 
to Pasteur, the process of dicing in the sun is ixynrionSL «»wiDg 

The TRUE civonoNA BARKS known in commerce, are of three kinds, arm cfrim 
yellow, and red. They come to market either in rolled quills, or in flat w hoH 
oblong pieces of very rarious dimensions. They have a more or less splinterv-fih 
texture, contain the cinchona alkaloids, quinine, cinchonine, quinidine, &e. w *^*?'** 
coarself powdered and heated in a test-tube, give off a red tar. * *' 

a. Grejr Cincbona-barkfi. China fusca s. y^risea,---- These barks are obtained 
from the branches, and bare therefore the form of quills; they are whitish on the 
outside, with spots of grey, greyish- brown or brown, sometimes black, flne-flsauied, 0 / 
even fractui^, splinteiy only on the inner surface, and contain more cinchom'ne than 
quinine. Five species are enumerated, namely, Huanoco, Loxa, Fsmdoloxa, Huam- 
lies, and pale Jaen hark. 

. h. Yellow or Orange-yellow barks. Cinchona Jlava a. auranUaca. — These barks 
are obtained from the stems and laiger branches, and consist wholly or nearly so of 
the or inner bark ; hence they have a fibrous or splintery texture. The alkaloids 
‘ contained in them are chiefly quinine and quinidine. The most important species is 

the Koyal, King’s or Calisaya bark, of which there are three varieties, viz. 

1. Fine Calisaya bark, from C. Calisaya^ which occurs either in quills or rolls, of 
1 tolj inches diameter, partly covered with the outer bark, and is then called Cinclwna 
Calisaya tecta s. convoluta; or in flat plates destitute of outer bark ; C. Calisaya nitda 
8 . plana; this last variety is the richest of all the barks in alkaloids.— 2 . C. Calisai^a 
morada, from C. Boliviana; and 3. C. Calisaya fibrosa s. scrobiculata. Thoro 
are four other species of yellow bark, viz. Cusco hark (Weddell) ; Garthagena or 
Bogota bark^ also called Cinchona fiava fibrosa; Cinchona fiava dura; and. 
.Cinchona Pitaya. 

c. Red Barks. Cinchona rubra. — These barks are obtained from the steins 
and larger branches ; they are mostly of brown-red colour, with proportionately thick 
outer bark, and strong fibrous or splintery bass. They contain more quinine than 
cinchonine. The species are Cinchona rubra suberosa, from C. succirubra and 6'. 
rubra dura. 

Falsb cinchona babxs are derived chiefly from trees of the genera Ladenhergia 
and Exostemma. They occ^ in rolls, half rolls, or flat pieces, having a pre-eminently 
corky texture. They contain no cinchona alkaloids, and when coarsely pulverised and 
heated in a test-tube, yield nothing but a dirty yellow or brown tar. The species ore: 

I. Cinchona de Par a, obtained from a Ladenberqi a, — 2. Cinchona nova Grana- 
tcnsiSy from jMdenhergia obl-ongifoha or magnifolia. Pelletier and Caventou found in 
it quinovic acid and an alkaloid; Winckler found quinovie acid and cinchona-bitter; 
Hlasiwetz found quinic acid, quinovic acid, quino-tannic acid, and cinchoha-red. - 
3. Cinchona nova Brasiliensi s, from Ladenhergia Birdclana, said to contain quinic 
and quinovic acids.— 4. Cinchona alba Granatensis^ from L. macrocarpa^ said 
to contain alkaloids, but the sttitement is doubtful. — 6. Cinchona bicolor ata s. 
Atacamez, s. Pitoya, said to contain an alkaloid pitoyine. — - 6. Cinchona 
Caribwa, from Exostemma Caribmum, contains quinovic acid. — 7, Cinchona Sta. 
Lucia, s. Piton, s. Martinicensis, from Exostemma fioribundum. 

The^ organic constituents of cinchona barks, are quinine, cinchonine, and two or 
throe isomeric modifications of those bases ; aricine ; quinic, quinovic and quinotannic 
acids; cinchona-red; a yellow colouring matter; a green fatty matter; a small quantity 
of volatile oil, haying the odour of the bark ; together with starch, gum, and woody fibre. 

The ash of cinchona barks consists chiefly of carbonate of lime, and varies in 
quantity from 0*58 per cent, (in Calisaya bark), to 3*4 (in ash-bark or pale Jaen 
bark). The acids of the bark are neutralised, partly by the lime, partly by the alka- 
loids, and accordingly analysis appears to show that the lime diminishes in proportion 
as the bark is richer in ^alolds. Some barks, e.g. Calisaya and Huanoco, yield ashes 
of a green colour, arisiim from manganate of potassium (Pnttfarcken, Pharm. 

J. Trans. xL 129). Reichel found in the ash of various cinchona barks^ potash, lime, 
magnesia, sUica, and sulphuric acid, with smaller quantities of idumina, iron, manga- 
nese, phosphoric acid, and chlorine. 

The first chemical examination of cmehona bark appears to have been made in 1785 
by Hermbst&dt, who obtained firom it the calcium-salt of qui nic acid, which he 
designated as esaent^ salt of quinine. Schneider in 1807 and Vanquelin in 1808, 
separated quinic acid from the calcium-salt Quinotannic acid was discovered by 
Deyeux in 1793, and obtained in more definite form by S5guin, in 1797- Cinchona- 
bitter and cinchona-red were obtain^ from red cinchona hark by Reuss in 1810. 

At this tim^ ten ysars before the discovery of the cinchona alkaloids, Berzelius made 
a quantitative examination of a yellowish-brown cinchona bark, and found in it 0*5 



timcaoyiA BASK. 

. par eeot* of gnm soft reeip, which quickly hardened, 7*8d qumotannic acid, tt*87 bitter 
«mpT extract (this contained the alkaloids), 2*d quinate of potaasium and quinate 
of ealeiiiiDt coloured by a small quimtity of extractiTe deposit, l'2d extractiYa 
deposit dissolYsd out by carbonate of potassiuED, 270 amylaceous gum and 78*70 woo^y 
fibre. 

Cinchonine appears to haveb^n obtained in an impure state by Qomes of Lisbon 
in IBll; but its true nature remained unknown till 1820, when Hontou-Labillardihe 
first drew attention to the alkahne reacdon of the substance obtained by Gomes, and 
communicated his observations to Pelletier and Caveiitou, who, in the same year, suc- 
ceedtfl in isolating, first cinchonine, and afterwards quinine, and in proving them 
to be true vegetable alkaloids. Sevend isomeric raodiftcations of these alkaloids were 
afterwards discovered and variously named; but according to Pasteur (Comut. rend, 
xxxvi. 26; xxxvii, 110), whose results appear to be the most exact, their number may 
be reduced to four, namely, cinchonicine and cinchonidine isonierio with ciocho- 
niue ; qui n i c i n e and q u i n i d i n e isomeric wit h quinine. Cinchonicine and ouinicine 
are produced by the action of heat on cinchonine aud quinine respectively; cinctioiiidine 
is found in certain cinchona barks, namely, Humnalies, Maracaibo, and llogotu barks, 
and ^uinidine is obtained from the muthiT'liquors of the manufacturt* of sulphate of 
quinine. 

The three isomeric bases of each group are distinguished by their optical rotatory 
power. (Sec the several Alkaloids.) 

Aricine was discovered in 1829 by Pelletier and Corriol (J. Pharra. xv. 678), 
in a white cinchona bark, from Arica. Elaliorato examinations of various cinchona 
harks, were published by Kcicliartlt in 1866, and by Reicliel in 1866 ; and lastly, in 
I860, De Vry published his researches (^lion^andia^ viii. 270), on the Cinohona Cb/y- 
iui/a cultivate in Java. 

Cinchona barks are employed medicinally in the form of tinctures and infusions, and 
were used in this manner, for their febrifuge and tonic properties, long before the dis- 
covei^ of the alkaloids ; but as theso qualities are likewise possessed by the pure 
alkaloids, and the administration of theso alkaloids is. in many cases, much more con- 
venient than tliat of the baik in substance, the alkaloids, especially quinino in the 
foi m of sulphate, are prepared from the barks on a very large scale the value of a 
bark to the manufacturer may indeed be said to doi>cnd on tlie quantity of sulphate of 
quinine that it will yield. It is found, however, that the medicinal properties of the 
barks are due to the quiiiic and other acids which they contain, as well as to the 
alkaloids, aud consequently that the bark in substance cannot in all cases be advan- 
tageously replaced by tlio pure alkaloid. At one time indeed it was siippostnl that the 
medicinal efficacy of the barks depende<l chiefly on the tannin contained in them. 
Berzelius wrote in 1831 {TraiU de Chimiv, Paris, y. 687) : “ There is a law in Sweden 
in virtiik of which, every cinchona bark ira|iorted into the country must bo tested with 
infusion of galls, ferric sulphate, solution of gelatin, and tartar emetic ; and it is proved, 
by an experience of sixteen years, that the most efficacious bark is that whicn gives 
the strongest precipitate with solution of gelatin and tartar-emetic, in other word^ 
which contains most tannin.’* The barks wnich appear to be best adapted for mcdici 
naluse are, the flat Calisaya and the Huanoco barks, the former containing the largest 
proportion of quinine and quinotannic acid, while the latter is richest in cinchonine 
and quinic acid. ^ . . 

RcactuyM of Cinchona The aqueous infusion of these barks oofitains the 

alkaloids in combination with quinic and the other acids,— and as these salts, and 
likewise the starch, are more soluble in hot tlian in cold water, the^ liquid always 
becomes turbid on cooling. To extract the whole of the bases, it is necessary to 
acidulate with hydrochloric or sulphuric acid. 

The solution thus obtsiined may be tested : . . • • j 

1. For alkaloids, which, if present, will give a white precipitate with tannic add, 

and a yellow crystalline precipitate with diohlonde of platinuTn. Another mode of 
testing for the alkaloids, is to precipitate the acid solution with carlwnate of sodium, 
and distil the precipitate with excess of caustic alkali, whereby a distillate of chinolme 
(p. 869 ) will be obtained. . , , _ - , 

2. For Quino-tannic acid.— White precipitate with colutton of gelaitn; green 

with /erricr eo/fs; dirty white with 

3. For Quinovic acid.— If this acid is orewtnt, stdphatc of copoer fimt colours the 

liquid green and then throws down a jjrecipitate, which when coUei^ed and wMhed, 
has a bitter metallic taste. Winckler proposes to estimate the relative valM 
ehona barks by the amount of quinovic acid thus precipitated, inasmuch u toe nitt^ 
ness of a barii dej^nds partly (and in tha case of the false barks, exclusively) on the 
presence of quinovic acii . , . ... . j ^ 

4. For Quinic acid. — This add distilled with.iulphuru> add and patvsidc of man» 

8 9 4 
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ganeee^ yields a diatHlate of quinoDe, wbieb is a yellow eiystaUisable substance, barina 
a pungent odour, and soluble in water. The aqueous solution mixed with ammoiu? 
absorbs oxjgen &om the air, and assumes, first a brown, then a black colour ; a re- 
action which will indicate the presence of rery small quantities of quinic acid. ' CbJo- 
rine- water changes the colour of the aqueous solution of quinone irom yellow to bright 
green. The formation of quinone in this manner is proposed by St en ho use (Mem. 
Ohem. Soc. ii. 226), as a means of distinguishing between true and false cinchons 
barks, the former ^one containing quinic acid. According to other authorities, how- 
ever (p. 964), this acid is likewise present in some of the false cinchonas. 

For the quantitative estimation of the alkaloids, the following methods may be used. 

1. One drachm of the finely powdered bark is to be boiled for a few minutes with 
an ounce of water and half a drachm of strong acetic acid ; the liquid filtered otf, the 
residue boiled with a little dilute acetic acid ; the liquid again filtered ofiT, and the 
powder washed ; the whole of the liquid evaporated to dryness on a water-bath ; and 
the extract dissolved in a little water and again evaporated, to expel all the free acetic 
acid. The residue is then to bo treated with absolute alcohol and blood-charcoal ; 
the colourless solution filtered off, and the residue exhausted with alcohol. To this so- 
lution a few drops ofhydrochloric acid are to be added, and next a solution of chloride 
of platinum as long as it causes turbidity; and the precipitate of chloroplatinate of 
quinine and cinchonine transferred to a weighed filter, washed with alcohol, dried and 
weighed. The platinum-salt of quinine contains 44-3 per cent, of that base ; the cin- 
chonine-salt 43 per cent, of cinchonine : hence the proportion of the two alkaloids may 
be found by the method of indirect analysis (p. 224) (Duflos). The alkaloids might 
also be precipitated by tannic acid and infusion of gall-nuts. 

2. Fifty grains of the pulverised bark is treated with a little diluted hydrochloric acid ; 
the liquid filtered, and the residue washed with a mixture of alwhol and a few drops 
of the same acid. The dark brown solution is then mixed with a little powder of hy- 
drate of lime, so as nearly to decolorise it, and the precipitate, being thrown on a filter, 
is washed with alcohol. The liquid contains the oiganic bases in the free state. It is 
to be neutralised with hprdrochloric acid, diluted with water, and freed from alcohol 
by evimoration. When it is reduced to two or three drachms measure, tlie bases are 
to be thrown down with solution of caustic ammonia; and the precipitate is to be filtered, 
washed with cold water, dried, and weighed. By digesting it with ether, the quinine 
is dissolved; and the cinchonine remains behind. 

As the alcoholic solution of the bases thrown down by the alkali is often ralhcr 
strongly coloured, and requires to be decolorised by animal charcoal, alum, protochloride 
of tin, or hydrate of lead, which occasions loss, Thilwuw^eiy extraets^the alkaloids 
from the precipitate by oil of turpentine, or other non-oxygenated oil, and Rabourdin 
effects the solution by means of chloroform. The same object is attained, accoidiiig to 
Badollier and Soharlan, by subjecting the bark, before treating it with acidulati‘<l 
water, to the action of dilute potash, which removes the; tannic acid and the cinchona- 
red, 

3. A qu^er of a pound of the coarsely powdered bark is boiled for half an liOTir 
with ve^ dilute hydrochloric acid ; this operation is repeated on the filtered residue; tlie 
final residue is washed with water ; tlie whole of the liquors evaporated to dryness over 
tlie water-bath; and the extract redissolved in faintly acidulated water, on the hath. 
Much of the cinchona-red will remain undissolved. The filtrate is to be concentrated 
to^ a small bulk, its bases precipitated by ammonia, and the mixture drained and washed 
with cold water on a weighed filter. The quinine and cinchonine may then be sepa- 
rated and determined, as above, by means of ether. 

4. An ounce of the pulverised bark is digested with five ounces of water containing 
hydrochloric acid (14 drachm of acid to a pint of water); the extract is pressed through 
linen, the operation being repeated three times with each four ounces of the acidulated 
water ; the extracts are then evaporated on the water-bath to six ounces, and the residue 
washed. From this solution, the alkaloids are precipitated by soda-l<y, till an alkaline 
reaction is produced; the liquid is then supersaturated with acetic acid; and after the 
cinchona-red has separated, the nearly limpid liquid is to be filtered. The filtrate 
is a^in precipitated with soda-ley ; the precipitate left to settle for a dav ; the clear 
lifjuid deoantM ; the precipitate collected on a small filter, and leftjto dram well ; the 
still moist filter, with the precipitate, repeatedly shaken up with chloroform; the clear 
chloroform oonUdnin^ the alkaloids poured into a tarea capsule; the operation re- 
peated three tinles, with fresh chloroform ; and the liquid left to evaporate in the cap- 
sule: the net weight gives the total amount of the alkaloids. The quinine may then 
be completely diS^lved out by ether, the residne in the capsule consisting wholly of 
cuK^onine, wlii<^ may be weighed. In thi» manner the relative quantities of the two 
bases are determined. 

A crystalline deposit in the amber-like mass of quinine, indicates the presence id 
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idomerie alkafel^ To separate dthchonidine (Pa8teiir*8, p. 965), dissolTe 1 gramma 
of the mass in 16 drops of dilute ^ulpbwc acid and 24 drops of water, then add 20 
drops of ether and 30 drops of ammonia: the quinine will then dissolTe, leaving the 
cinchonidine, provided the quantity of the latter is not less than 10 per cent filmaller 
quantities may be separated by means of ether already saturated with cinchonidine, 
which will stHl dissolve quinine. (Zimmer.) 

Quinidine may be separated jfrom quinine by the greater solubility of its oxalate in 
cold water ; on treating a solution of quinine with oxalate of ammonium, the quinine 
is almost wholly precipitated as oxalate, whilst the quinidine-salt remains dissdved. 

The Allowing table (p. 968) exhibits the proportions of the alkaloids contained in dif- 
ferent cinchona-barks. The determinations must not however be regarded as very exact, 
partly because the barks known in commerce by the several names in the table are 
u.««ually mixtures of different sorts, partly also because different methods of analysis 
often give different results. According to Wittstock, the precipitation of the bases 
from the acid extract of the bark by alkalis, is not complete, inasmuch as a somewhat 
considerable precipitate may afterwards be obtained witu tannic acid. Moreover, the 
precipitates which contain the colouring matter always retain a certain portion of the 
alkaloids, and charcoal, if used to decolorise the extract, carries down nearly the whole 
of the bases ; lastly, the separation of quinine from cinchonine by ether is by no means 
complete. 

Keichardt has determined the whole of the constituents of various cinchona- barks. 
The following is on extract from his table : 


Composition of CnrcHONa-PaRKS. 




Cinchima 

Jlapa 

jlbrosa. 

Cinchona 

rubra. 

Cinchona 

Uuanoco. 

Cinchona 

Caiitaifa 

piana. 

Quinine « • • • • 


0-706 

0 9MV 

0-854 

2-701 

Cinchonine • • • • 


0*246 

( -asti 

2-240 

l)-2l»4 

Ammonia • • • • 


0 26<i 

O-lOO 

0*(M6 

0*137 

Quinicecid > • • • 


fi-rao 

6*019 

6-9H.5 


Quinovic acid • • • 


0 106 

0 222 

I-TIO 


QiiinoUnnlc acid • • . 


o-0(;4 

3-179 

0-616 


Ciiictioua-red • « • 


o*o:« 

4-8H4 


0-722 

Humic acid • • • . 


7*729 

9-9'i.l 

27 088 

16*355 

Cvlliilo-e .... 

Tiital of orsanlo constfluenU 


69 146 

47-777 

2.V4V9 

45-.52-i 


77*004 

74-224 

68* 51 4 

77'!'6H 

Iiiurgaiiic conitituenti . 


i-a4 

l-Cil 

2513 

1*224 


Cinchona 

Caiisuya 

eonvotuta. 


0-BW 
0*827 
0128 
7*24B 
0-679 
9 162 
©•TM 
27*846 
89-668 
72-777 
1 -660 


In the bark of Cinchona Caiha^Of cultivated in Java, De Vry found ordinaiy 
quinine, cxystallisable quinine, quinidine, cinchonine, and quinovic acid. The atom- 
bark was found to contain 3*90 per cent, of quinine and quinidine; the root-bsrk 
1-136 of the crude alkaloids; the root-wood 0-06, chiefly cinchonine; the stem-wood 
0 08, quiniiiO and cinchonine ; the young branches scarcely a trace of alkaloids ; the 
leaves none. Quinovic acid was found more abun<lantly in the wood than in the bark ; 
in greatest quantity in the rooNwood, and least in the loaves.. The bark of Cinchtma 
lucumafolia ? yielded only 0-4 per cent, of crude alkaloids. ( llandw. d. Chern, ii. [2] 97 1 .) 

CZWCBOWA-i&B2>a A constituent of cinchona bark, produced from quino- 
tannic acid by atmospheric oxidation. It may be extracted by boiling the bark with 
water, treating the residue with ammonia, and precipitating the ammoniocal flltrata 
with hydrochloric acid, washing the resulting precipitate of quinovic acid and cinebona- 
rtnl, and boiling it with thin milk of lime : quinovate of calcium thc-n dissolves, and 
cinchona-red" remains undissolved in combination with lime. The residue, after Mug 
washed wi^ wkter, is treated with hydrocliloric acid ; then washed again, dissolved in 
ammonia, and reprecipitated by hydi^hloric acid ; dis8olve<] in alcohol, after another 
thorough washing ; and the filtrate evaporated to dryness over the water-batb« 
(Schwarz, Aim. Ch, Pharm. Ixxx. 332.) 

Cinchona-red is gn amorphous, chocolatc-coloured or red-brown, nearly black sums, 
almost insoluble in Whiter, easily soluble, with red-brown colour, in alcohol, ether, and 
alkaline lyes, also in stro^ acetic acid. It is decomposed by heat, giving off copious 
red fumes, and gelding by dxy distillation, an empyreumatic oil, py rogaUic acid, said 
mi impure, volatile, carmine-coloured, aromatic substance, insoluble in water, but roluhlo 
in alcohol, ether, and alkaline liquids. (Boissenot, J. Pharm. [31 xxv. 199.) 

The formula of cinchona-zed is C*H*0*‘*, according to Schwarz ; according to 

Boissenot ; it is doubtful whether it has ever been obtained pure. The bark of Cin* 
ckona tanc{folia (Mutis) contains, according to Reichel, from 1 to 2*6 per cent, of it. ; 
other cinchona badui are said to contain a hurg/er amount. 































CINCHONA-TAl^NIC ACID - CINCHONIDINE. Kt 

OnroVOWA-TAVJrZO AOZS* Sjn. with QviNOTAjnno Aom* 
ClVcmonTXavSik A product of the decomposition of cinchonine by peroxide 
of lesd (p. 974). 

CXVCKOmoxmL C**H**N’0. (Pastenr, Compt renA xxzvii. 119; Chem. 
Soc. Qu. X vi. 273.) — ^An alkaloid isomeric with cinchonine, and produced from it 
under the influence of heat Any salt of cinchonine may be transformed into the 
corresponding cinchonicine-salt by heat ; but to make the transformation complete and 
piwvent decomposition, the heat must be moderate and the salt must be kept for some 
time in a resinous state. The change takes place most easily with the sulphate, which, 
when mixed with a small quantity of water and sulphuric acid, remains melted at a 
very moderate heat, even after all the water has been expelled, and if kept in this 
state for three or four hours between 120® and 130® C., is completely converted into 
sulphate of cinchonicine. Pasteur is of opinion that the resinous state of the fu8e<l 
sulphate is essential to the molecular transformation which takes place. The hose 
may be separated from the sulphate by precipitation with an alkali. 

Cinchonicine is nearly insoluble in water, but very soluble in alcohol, whether anhy- 
drous or of ordinary strengtli. It is very bitter, and is precipitated fh>in its solutions in 
the form of a liquid resin. It deflects the plane of polarisation to the right. It unites 
easily with carbonic acid, and separates ammonia from its salts nt ordinary tt^mpi^ratures. 
It possesses febrifuge properties. It is distinguished from cinchonidine by its action on 
polarised light, and by not being crystallisable ; from cinchonine also by the latter 
property, and by its much greater solubility in alcohol, and greater bitterness. 

CXirCHOWZAXarB. or C**H*‘'N*0? (Winckler, Kepert. Pharm. 

[2] xlviii. 384; xlix. 1. — Leers, Ann. Ch. Pharm. Ixxii. 147. — Pasteur, Gompt. 
renA xxxvi. 10; xxxvii. 110; Chem. Soc. Qu. J. vi. 275. — Bussy and Quihourt, 
J. Pharm. [3] xxii. 401.) — This alkaloid was discovered by Winckler in a bark n*- 
sembling the Huamalies cinchona-bark, also in that of Maracaibo. It has likewise 
been found, accompanied by a small quantity of qiiiiiine, in the Bogota cinchona-bark 
(p. 065). According to Pasteur, it is isomeric with cinchonine, (C’‘*®11‘^*N’*0), The 
German chemists generally give it the name of qmnidine. 

P; Cinchonidine is extracted from the barks by the same processes us 

quinine and cinchonine (pp. 966, 971), and purified by crystallising it aovoral times 
from alcohol of 90 per cent., till the solution no longer deposits any resinous niatterby 
stxmtaneous eraporation ; then reducing the (petals to fine powder; agitating with ether 
till the powder no longer exhibits with chlorino-watt'r and ammonia, the peculiar green 
colouring produced by quinine and quinidine; and finally, rccrystallisiiig from alcohol. 
(See also Zimmers method of separation, p. 967.) 

^Cinchonidine separates from its alcoholic solution by slow evaporation 
in anhydrous liiorabic prisms, of hard,'^ith vitreous lustn*, and having their faces 
deeply striated. The same stride ort^bserved on the faces which replace the obtuse eilges 
of the prism, and the ciystals cl4ave perf<pctly in tho direction of these faces. The 
prism is modified by two brilliant faces, l*co inclined at an angle of 114® 30', and 
resting on the acute edges. Tho ciystals are easily reduced to a perfectly white [>ow’- 
der, which becomes electric by friction. They do not taste so bitter as quinine. 

Cinchonidine is veiy sparingly soluble in water, 1 pt. of it diMsolving in 218<t pts. of 
water at 17® C., and in 1858 pts. at 100®. It dissolves in 12 pts. of alcohol of sp. gr. 
0-835 at 17® ; ether dissolves but little of it, 100 pts. of the solution containing only 
0*70 pts. of cinchonidine. (Leers.) - , . 

A solution of cinchonidine in absolute alcohol at 13® C,, deflects tho plane of polari- 
sation of a ray of light strongly to the left; [a] —144*61®. (Pasteur.) 

According to the analyses of Iieers, cinchonidine contains from 76*40 to 76*88 per 
cent, carbon, 7*70 — 7*81 hydrogen, and 9*99 nitrogen, whence Leers deduced the for- 
mula C**H*»NH), requiring 76*60 per cent. C, 7 80 H, and 9*93 N, wher^cas tho formula 
of cinchonine, C**H«N*0, requires 77*9 C, 7 79 H, and 9*09 N. Nevertheless, PasUuir 
regards cinchonidine as isomeric with cinchonine, inasmuch as it is transformed into 
cinchonicine by heat, without alteration of weight, in the same manner as cinchonine. 

DecompovitiiynB, — Cinchonidine melts at 175- C., and solidifies in a crystal^e mass 
on cooling. When strongly heated in contact with the air, it bums with a smoky 
giving oflT an odour like tnat of bitter-almonds or quinine, ami leaving a oonsidnabla 
quantity of charcoaL Distilled with hydrate of potassium and a sfnaU quantity^ , 
^•^ter, it yields the Same mixture of volatile bases as cinchonine (p,^W9). 
diflFhsed in fine* ^wder throogh chlorine-watcr, it dissolves without perceptiblb 
even after addi&n of ammonia. , ^ 

Commeroial cinchomdine is often contaminated with ouinidine, Uis* presence of 
which may be detected either by the green colouring produced by elxionne and am- 
monia, or by exposing the recently deposited crystals to the air; the <^8tals of qui- 
nidine then effloresce without losing their form, assuming a dull whiU* appearance^ 
^hile the crystals of cinnhmriidine retain their transparency. 
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Th« Salie of Oinchonidine aw for the most part moroTOluble in water than ti, 

of quinine; they are Teiy soiubZe in alcohol^ but nearJy insoluble in ether n 
aqueous solution jields with <dk€di8 and tbeir carbonates, white pulTeralent pieci ' 
tates, which become crrat&IUne when left at rest; and are insoluble in excess 
reagent With pkcspmte 0 / sodium, mercunc cMoride, and nitrate of silver, they 
produce white precipitates ; light y^ow with cMoride of gold, orange- jellow with 
tetrachloride of platinum, and brown with chloride of paUadium. With sulphoctanau 
qf ammonium they yield a white, and with tannin a dirty yellow procipiute. 

Htdbochlobates of Cinchonidine. — The neutral salt, C*®H“N®O.HGl (at 100° C.) 
forms large rhomboidal prisms, having a vitreous lustre, soluble in 27 pts. of water at 
17^ C., very soluble in alcohol, nearly insoluble in ether. 


Carbon . 
Hydrogen 
Chlorine 


Analutis {mean)* 
Xeeri. 

At 100° a 

. 64‘34 

7*17 
. 10*05 


Cakidation, 

Leer*. Gerhardt. 

C“H*^*O.Ha.aq. C"H«K*O.Ha 

6419 69-67 

M3 6 97 

10*54 10-31 


The €icid salt, + aq., forms large crystals, very soluble in water and 

in alcohol ; after drying over oil of vitriol, they give off 5*8 per cent, water ; the cal- 
culated quantity for 1 at. is 5*1, according to Leers* formula ; 4*5 according to that 
proposed by Gerhardt. 

Analyiit {mean'). Calculation, 

Leer*. Leer*. Gerhardt. 


Carbon . 
Hydrogen 
Chlorine 


At 1000 C. C«H“N20.2HC1. C^H^N^O.HCl. 
58-30 57*93 63-32 

7*12 6-97 6-33 

18*98 18*99 18*73 


Chloromercurate of Cinchonidine, C*®H*^N*0.2HCl,HgCl*, crystallises in 
shining nacreous scales, sparingly soluble in cold water. Analysis gave 34*77 per 
cent. C, 4-01 H, 31*9 Hg, and 22*46 Cl, agreeing nearly with C‘*H»N*0.2HCl.HgCl», 
which requires 34*62 C, 3*83 H, 31-97 Hg, and 22*63 Cl. The formula 
2HCl.HgCl* would require 35-8 C. 3*51 H, 29 8 Hg, and 21*18 Cl. 

The ohloroplatinate, 2(C*®H**N*O.HCl).PtCl*? is an orange -coloured precipitate, 
containing at 110*^ C. from 27*05 to 27*17 per cent, platinum, whence Leers deduces 
the formula 2(C**H®*N*0,HCl),PtCl® ~ 2aq., requiring 27*04 per cent. Pt, whence 
Gerhardt proposes 2(C*®H“^N*O.HCl).PtCl*, which requires 27*36 per ceint. It is not 
probable mat the salt should retain 2 at. of water at 110*^ 0. 

Chlorate op Cinchonidine, obtained by decomposing the neutral sulphate with 
chlorate of potassium, crystallises from alcohol in long -silky prisms, grouped in tnfr.s 
It melts at a gentle heat, and decomposes writh loud explosion at a higher temperature. 

Htdrofluatb of Cinchonidine forms silky needles, very soluble in water. 

Htposulpuith of Cinchontdine, obtained by precipitating the neutral sulphate 
with hyposulphite of sodium, cryst^ses on cooling, in long asbestos-like needles, 
iparingly soluble in water, easily in alcohoL 

Nitbatb of Cinchonidine is obtained in mammellated crusts, having the appear- 
ance of enamel, and very soluble in water. 

Sulphates of Cinchonidine. — The neutral salt, 2C“H*®H*O.H*SO® (at 100® C.), 
eiystaUises in long silky needles grouped in stars, neutral to test-paper. One pt of 
the salt dissolves in 130 pts, water at 17® C., and in 16 pts. at 100® ; it is very soluble 
in alcohol, nearly insoluble in ether (Leers); it dissolves at mean temj^ratures in 
80—32 pts. absolute alcohol, and in 7 pts. alcohol of 90 per cent (Hussy and 
Guibourt) 

Analysia (mean). Calculation. 

Leer*. Leer*. Gerhardt. 

At 100® C. 2C“H«N«O.H»SO* 2(?®H»*N*O.H*SO* 

64*75 65*25 67*20 

7*05 6*95 6*72 

12*01 12*08 11*20 

acid sulphate is obtained by evaporation in vacuo, as a crystalline mass com* 
of ji^ioing asbestos-like needles. 

$%^pkai4 of lodoeinehonidine . — Cinchonidine forms with iodine and sul- 
pb'nric add, a mystalline salt which acts upon light in the same manner as the corre- 
spondia^ salts of quinine and cinchonine, also two other salts, one yeUow and the 
other olive-green, whidk do not exhibit these peculiar optical properties. (W. B. Hera- 
path, Ohem. Soe. Qu. J xi 130.) 



CmTHONINE. 9^ 

JLc$i<it9 VifibAoHidtHb ec^ntdllisds in long silW nendle^ wHidi nnit TffT 
•psring^tolamam cold water, and gireolTpaHoftheipacid on drying. The butbrnib 
and bbUraU form mammeliated cmata, having the odour of the respective acids. 

The citrmib forma small needles, having but little lustre. The kijtpurQie ma- 
talllaee in silky needles, having the aspect of fern-leaves, very 6oluV>le in water and 
alcohol The oxalate separates on cooling in long silky needles, iVom a mixture of 
the hot alcoholic solutions of oxalic acid and cinchonidine. The mother-liquor depo- 
sits by spontaneous evaporation, dull white, mammeliated crusts. The guinatt crys- 
taUises in small needles, very soluble in water and in alcohol. The neutral tartrate 
forms bcNlutifhl needles, having a vitreous lustre. The acid tartrate forms small 
nacreons needles, very sparingly soluble in water. 

MaTHTn-ciNCKOJiiDiNB,C'‘'H*^'(CH*)N«0,orC»H“(CH»)N»0?(Stahlschmidt, 
Ann. Oh.Phann. xc. 218.) The KydriodaU of this base is obtained by the action of 
iodide of methyl on cinchonidine. It crystallises in colourless shining needles, con- 
iainingt ^ 

By AfMlyiiu ' By CatCmtatUm, 

At 100® a - c**n**(cn»)N*o.Hi c»h**(ch»)n*o.hi. 

Carbon . . 63-87 63 76 66-1 

Hydrogen • 6*92 6*89 0-0 

Iodine , • 2984 29 87 28*0 

Oxide of silver converts' it into a basic compound resembling methyl -cinchonine. 

CXirCBOXmra. C“II«N*0, or (Fourcroy, Ann. Chim. viii. 113 ; 

ix. 7- — Vauquelin, ibid, lix, 30, 148. — Oomez, Kdiiib. Mod. ami 8urg. .foiirnal, 1811, 
Octw p. 420.— Pfaff, Sciiw. J. x. 365. — Pelletier and Cuventon, Ann. Cli. l^liys. 
XV. 291, 337. — Pelletier and Dumas, ibid. xxir. 169. — Liebig, Ann. Cli. Pbnmi. 
xxvi. 49. — Begnault, Ann. Ch. Phys. Ixriii. 113. — Gorhardt, Ilev. sclent, x. 880; 
Traitk^ iv. 106.-- Laurent, Aim. Ch. Phys. [3] xix. 363. — St rocker, Compt. rend, 
xxzix. 68.) 

This alkaloid exists, together with quinine, in most of the true cinchona-barks, most 
abundantly in Cinchona Huanoco^ C\ Huamaiiee^ C, rubiginoea^ and C. fiava jilmma. 
(See table, p. 968.) 

Preparation All methods of extracting the alkaloids from cinch ona-burks consist in 

treating the bark with a dilute acid, and precipitating the jilk.'douis from the acid extract, 
with lime or carbonate of sodium, The genera! mo<lo of proceeding is as f« dlows : 

The bark, reduced to powder, is boiled for an hour or less with 8 or 10 times its 
weight of water, acidulated with 10 per cent, of strong Kulphuric himM, or better, with 
26 per cent, of hydrochloric acid ; the decoction is strained through a elotli ; and the 
residue is boiled a second and sometimes atliird time, with more and more dilute n<‘id 
till the marc is completely exhausted. The extracts, after cooling, are mixed with a 
alight excess of milk of lime, added l)y small portions, to pn»oipitat c f fie HlkiiloTrlH togoMier 
with the colouring matter. The precipitate is left to drain, and submitted to a gradu- 
ally increasing pressure, the liquids which run off from the cloths and from the press 
being collected in a single vessel ; they yield after a while a fresh <leposit. The pressed 
cake ia now dried, and macerated with alcohol in a closed vessel lieiit.<^d over a water- 
bath. The strength of the alcohol used depends upon the quality of the bark under 
treatment. For Calisaya bark, which is very rich in quinine, alcohol of 76 to 80 per 
cent, is sufficiently strong ; but barks which contain a smaller proportion of quinine, 
require alcohol of 85 to 90 per cent., because cinchonine is much less soluble m weak 
alcohol than quinine. 

If the bark is rich in cinchonine, and the quantity of alcohol ui^d is not too large, 
the cinchonine ia deposited in the ciystallin© state as the alcoholic extnicle cool, and 
an additional quantity may be obtained by decanting the supernatant liquid, and dis- 
tilling off half or two-thirds of the alcohol. The quinine remains i in the mother- 
liquor and may be separated in the form of sulphate. (Sec Qt/twiMB,)^ 

If on tile other hand the bark contains more quinine than cinchonine, it is best to 
treat the alcoholic extract with dilute sulphuric aoi^ and remove the alcohol hr 
distillation. The greater part of the sulphate of quinine then separate in a ciys^l* 
line mass, the rest, together with the sulphate of cinchonine, remojning in the m^her- 
liqnop. By precipitating the two alkalonls with carbonate of sodium, rcdissolring iir 
sulphuric acid, and reciystallising, a further separation may he effwted; or they nuiy 
be precipitated by a caustic alkali, and separated by ether, which dissolves the qainine 
much more readibr than the cinchomne (p. 966). , - * * 

Caihoiiate of sodium is a better precipitant for the alkaloids than lime, becouie they 
arc aolnble tp a alight extent in lime-water and chloride of calcium. 

Oil of turpentine, fixed oils, and chloroform may be used instead tn alcohol for niik 
nolviag the from the crude predpiUte thrown down by lime or aoda; and 
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tiiese solrents have tlie adiraiitage of not taking up so macb of the colonring matter u 
alcohol does (p. 966) ; but they are better adapted for the preparation of quinine than 
of cinchonine, which is but sparingly soluble in either of them. (See Quinine.) 

^Properti€9. — Cinchonine dep^ib^ by slow eraporation ^ its alcoholic solution, 
forma colourless, shining, qua&ilateral prisms or needles, which are unhydroua It 
has a peculiar bitter taste, which howerer is slow in dereloping itself, on account of 
the sparing solubility of the substance. It is insoluble in cold water, and requires for 
solution 2600 parts of boiling water. In alcohol it is much less soluble than quinine, 
the solubility increasing however with the strength of the alcohol and the tempeiuture. 
Accordiug to Duflos, strong alcohol dissolves 3 per cent of its weight of cfllchonine. 
It is insoluble in ether, slightly soluble in chloroform, volatile oils and fixed ^ib. ' 

The solutions of cinchonine have an alkaline reaction, and deflect the plane nf 
polarisation of a luminous rav strongly to the right. An alcoholic solution acidulated 
with sulphuric acid gives [a] » + 190*40®; acids produce a tcmporaiy decrease of 
the rotatory power. Cinchonine possesses febrifuge properties, but in a much lower . 
degree than quinine. 

The following are the mean results of the analyses of cinchonine by various chernii^tH. 
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Laurent assigned to cinchonine the formula C*®H“N®0. According toSchiitzen- 
berger (Jahresber f, Chem. 1868, p. 372), the name cinchonine is applied to bast-a 
of different constitution ; one sample which he analysed yielded numbers agreeing with 
the formula 

Cinchonine melts at 166® C. forming a colourless liquid, which becomes crystalline 
on cooling ; at a higher temperature, it partly sublimes, exhaling an aromatic odour. 
According to Hlasiwetz, cinchonine may be sublimed in hydrogen or ammonia giiH 
in the form of shining prisms more than an inch long. Healed with suipimric add 
and peroxide of Uad^ it yields a red substance, cinchonetine, which has not been 
examined (Marc hand, J. Ohim. m6d. x. 362). Other oxidising agents, e.g, nitric 
acid, permanganate of potassium, and a mixture of sulphuric acid and peroxide of 
manganese, do not exert much action upon it; neither is it decomposed in a definite 
manner by emulain (Hlasiwetz). With nitrous acidy it forms a base containing 
1 at. oxygen more than cinchonine, and isomeric with quinine, but approaching nioiv 
nearly to cinchonine in its properties (Sebiitzenberger, Jahresber. f. Chem. 1858, 
p. 371). It dissolves in fuming sulphuric acid, yielding sulpho-cinchonic acid, 
which forms a soluble barium-salt, C*H**BaN*O.SO‘ (Schiitzenberger.) With chlo- 
rine and bromine., it forma several substitution-bases, as well as a resinous substance. 
With chlorine and ammonia, it does not exhibit the greeii colouring which is charac- 
teristic of quinine. With iodine and looted poiasaic iodide it beh^aves like quinine. 
Distilled with hydrate of potassiuTn, it yields chinoliue, together with several otiicr 
volatile bases (p. 869). 

Beta-cinchonine, — Schwabe (J. Pharm. [3] xxxviif, 389X has obtained from 
commercial quinoidine (a product of the alteration by heat of quinine, cinchonine, Ac. 
ibund in the mother-liquors of the preparation of sulphate of quinine), an alkaloiVl 
isomeric with cinchonine, but difiTerin^ fimm it in many properties. This B^cinchonine 
is contained in the portion of quinoi'dine which is sparingly soluble in alcohol ; and the 
sulphate is obtained there&om by dissolving the substance in dilute acid, precipitating 
witn ammonia, treating the washed precipitate with cold alcohol of specific gravity 0*846, 
again dissolving it in dilute sulphuric acid, and crystaUising. The base separated 
from the sulphate crystallises from boiling alcohol by spontaneous evaporation in 
rhombic comoinatioDS, obP. aoP oo. oP ( ooP : odP ■■ 119®). The ciystallised m 
well as the precipitated base is anhydrous, and melts at 160® C. ^cinchonine is 
more soluble in water, alcohol, ether, and chloroform than ordinary o^cinebonine. 
The following table gives the quantities of these several solvents required to dissolve 
1 pt. of a and i9 cinimonme, as determined by Schwabe. 


Water, cold . 
Water, hot . 
Alcohol, cold 
Alcohol, hot . 
Ether • 
Chloroform . 
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• insoluble 
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• 40 


insoluble 
scarcely soluble 
173 
43 
878 
208 



CINCHONINE, 


tolatloii of i8-cixHdiooin« w dextro-rotutoiy, 

Ifl fHmoi|iitated white fh>m the solutions of its salts by caustic 
the precipitate being somewhat soluble in excess of the reagent^ iffd 
g|giinM|g|qEiag when a&^n up with ether. A solution of the base containing taxtaric 
y pxecipitateany acid carbonate of sodium. A neutral solution of the sul'* 
ntaila inxxedwi& chlorine- water and then careiully with ammonia, exhibits a yellow 
With fsxTOcyanide of potassium and chlorine, a rod colouring is fHX)duced« 
green on addition of ammonia. Quinine-solutions thus treated, exhibit a dark 
led : ordinary cinchonine and quinidine, wine-yellow. 

Ct HO Aoninf.— Cinchonine dissolves readily in acids. The salts are 
bitW^^ii^hre very much like the corresponding salts of qumine, but for the most part 
in water and in alcohol. Ordinary cinchonine forms both acid and 
neutmlWidto ; ^-cinchonine apparently only neutral salts. 

Acvra^oF Cinohoninb. — A solution of cinchonine in acetic acid idways exhibits 
an acid reaction, however great may be the excess of cmchonine contained in it ; but 
if concentrated by heat, it deposits on cooling, small sparingly soluble crystals, which 
exhibit no acid reaction after washing. If the liquid be slowly evaporated to drynesj 
a summy mass is obtained, which is decompostHl by water into an acid salt which 
diwlves a neutral salt which remains at the bottom. (Polletior and Ca- 

of $-Cinehonine fbrms right-angled four-sided prisms, like those of tho 
iolphate and hydrochlorate. (Schwabe.) 

AnsBNaTB of Cixchoiowb. — Very soluble; difficult to crj’stalliso. 

Cabbonxtb of CiNCHOBtNB. Cinclioninc dissolves in aqueous carbonic acid more 
easily than in pure water ; but the solution does not yield a cfyatallised carbonate. 

Cxn.oiu.TB of CiNCHONiNK, C®II^*N‘'0.IIC10*. — ^Whito bulky crystalline tufts; melts 
at a gentle heat, and decomposes with explosion at a higher temperatnre. (Serullas.) 

Ohbowatb of CiNCHONiNi!. —Obtained as a yellow amorphous precipitate, adhering 
to the glass, but becoming crystalline after a while when a solution of aulpimte of 
cinchonme is mixed with acid chromate of potassiuin. It is decomposed by water and 
alcohol. (Elderhorst.) . . , 

Cyxbiiratb of CJinchoninb. — A solution of cinchonine in a Ivniing saturKted so- 
lution of cyanuric acid deposits rhomboYdal prisms, spuringly soluble in water, insc 
luble in alcohol and ether. The salt gives off 1770 per cenh wafer at lOOO C; and 
decomposes at 200°, exhaling an odour of bitter almonds, (hi derhorst.) 

Fbewctaham or CwcflomKB, 2(C"H**N’0.3U0y)tVC^ + i^q.-Oran^.-vrilpir 
precipiUte, obtained by mixing the aqueous solutions of hydrrichlorate of cinchonine 
and forricyanide of potassium. After drying in tho air, it undergoes no alteration at 
100® C. (Dollfus, Ann. Ch. Pharm. Ixv. 224.) 

Febboctabatb of Cikchokinb, C*®H**N*0.4HCy.FeCy* + 2aq. — l^mon-yellow pw- 
eipitate produced on mixing the alcoholic solutions <*f cinchonine and ferrocyanic acid. 
It is very sparingly soluble in alchol, and when heated, either alone, or ^tU water, is 
decompose^ yielding hydrocyanic acid and a blue residue (Dollfus). 
anate of h-cinchonine is sparingly soluble and crystallisablo. (Schwabe. ) 

Formatb of Cinchonine. — Very soluble; crystallises from a syrupy soluUoit in 
silky needles. ,, , , , , . u 

Gallotannatb of Cinchontnk.— Y ellowish-white js>w'der, very little soluble in cold, 
more soluble in boiling water, whence it separates in transparent grains on cooling. 

Hifpxtbatb of Cinchonine. — U nciystallisjihle, ^ 

Htoboculobatb of CiHCHOBriNB.— Thenc«<rai »o/<, C”H"N’O.HCl,o^m^ y 
exactly saturating cinchonine with weak hyilroetilonc aciil ; cryatHlliiica ‘n * ftSfnl 
shining rhomhoidal priuns; melbi at 100° C.; diaaolvea easily in wutf^ndM 
but is insoluble in ether. The aqueous sulution possesses dextro-rotoh^ pow, 
W- +l39-60<> (Bouchardat). When subjected to electrolysis, it yields chloro. 
cinehonine, together with chlorine, oxygen, and hydrogen. (Uabo.) 

. Hsdrocklorate of fi^inchoninc, C-H«N»O.Ha + 

in rhombic combinations, odP. ooPoo.oP. in which ooP, 126J . 

in 22 pta. of cold, 3*2 pts. of hot water ; in 1 pt. of cold, i pt. of lioiling alcohol, and 

in 660 nta. of ether. 

Acidhydrocklorate of cinchonine, C"H“N’0.2Ha. U inudu^ by 
einchonine to hydrochloric acid gas, and is obtaii^ ***'L{?tm^rfwat«. ^vl 

exc<» of the aid on cinchonine, and dissolring Jh" “ 

alcohol The eolation left to eraporate rwy dowly .n iw nndosed Mtl a^j^to 
enr well-deHned rhjmbic tabular erystals, banng the ““t" 

»P : osP _ loi®: r » : oP - 137 to 188“ It is reiy soluble in watar. hHiw 


lesB in alwbol : feddens litmus. The fsilution is dextro-rotatory. 



^ "dlNCHONtNfe 

Chlorine paised into % solution of this salt,' foMns a depodliNtf aeid iQ^dlOQt^jn^ 
|if dlshlocmncho^ine* - ^ 

'?^€^*f 4 >reneef'eilr ai/;0**H*’N*O.2HCl^HgCl».— On mixing a solution of Sndbiiuto 
in shPon^ alcohol oosiwinhg hydrochloric a(£i with a solution of mercuric chlosidealei 
in sb^ng^^ fdoohol, the fixture solidifies after a while to a mass of small needles, nesrlr 
insoluble in cold wailw, ordiui^ alcohol, and ether, moderately soluble in boiling 
wAtoFt ahd In warm alcohol, easily soluble in strosig hydrochloric acid. The salt 
be dried at 100^ C. without alteration. 

V Chloroplatinate^ C*®H**N^0.2HCl.PtCl^ — ^Light yellow preCipitale, obtained by 
adding tetrachloride of platinum to a solution of acid hydrochlorate of' cinchonine. 
With an alcoholic solution of cinchonine containing hydrochloric Mid, the precipitate 
is crystalline and nearly white, and dissolyes after prolonged , boiling with water, the 
solution as it boils, depositing, first a whitish pulverulent preeipitate, aftentrarde 
beautifiil crystals of a deep orange colour. The salt contains, accordi^ to Hlasiwetz, 
83'1 per cent. G, 3*6 H, and 27*36 Ft, the formula requiring 33*0 C, 3*3 ^«nd 27*36 Pt. 

Chloro platinate of fi~cinc\oninef 2(C*®H**N*O.HCl).PtCft^, istystallises on 
mixing the alcoholic solutions of its component salts, in rhombic combinations, 
ooP . oof 00 . oP, in which oo P : ooP «= 119 (approximately). (Schwabe.) 

HtdbocyanJlTE of ^-cINCHONlNB, obtained by precipitation with cyanide of potas- 
sium, is amorphous, anhydrous, insoluble in water and alcoboL (Schwabe.) 

Hydhofi.uatb of Cinchonine, C^*H**N*0.2HF. — solution of recently precipitated 
cinchonine in dilute hydrofluoric acid, deposits colourless prisms when concentrated. 
The salt crystallises easily from dilute alcohol in rhomboidal prisms terminated by 
octahedral faces. After cuying at mean temperature, it gires off 2*8 per cent, watt r 
at 160^0.; at a high temperature, it acquires a fine purple tint, yields a red sublimate, 
gives off hydrofluoric acid, and becomes carbonised. 

Hyduiodatb op Cinchontnb, C®®H**N*0.HI + aq. (Regnault.) — Much less soluble 
than the hydrochlorate. Crystallises easily in nacreous needles. Its solution is I're* 
cipitated by mercuric chloride and cyanide, Hydriodate of $-cinchonine is easily 
soluble in water and in alcohol. (Schwabe.) 

Htposulphath op Cinchonine. — Crystallisable ; resembles the quiuine-salt (yj.) 

Hvposui.pHrTB of Cinchonine,— O btained by precipitation in small needles; rtfry 
sparingly soluble in cold water. (Winckler.) 

loDATB OP CiNCHONiNB, C®®H*^N*O.HIO* (at 105® C.). — Long silky fibres, rery 
soluble in water and alcohoL Explodes with violence at 1 20® C. 

Nitbate op Cinchonine, C^H^^N^O.HNO* + aq. (Begnault.) — Obtained by 
solving cinchonine in dilute nitric acid. If the solution is rather concentrated, part 
of the nitrate separates in oily globules, which, if covered with water, are convertr d 
in a few days into a group of oblique rectangular prisms, very soluble in water. Tlio 
solution is dextro-rotatory, [a] =* +172*48® (Bouchard at). When decomposed 
by the eleo^-burrent (from six Bunsen’s cells), it gives off oxygen at the positive 
pole, mixed altera while with carbonic acid and oxides of nitrogen, and at the negative 
pole, a mixture of hydrogen and nitrogen containing a little ammonia; in the liquid 
into which the negative pole dippe^ a ruinous substance was deposited, and t!ie 
solution decanted therefrom and distilled with potash, yielded ammonia and oily droi>a 
of chinoline. (Babo, J. pr. Cliem. IxxiL 73.) 

Nttraie of ^-cinchonine ciystallises slowly, by spontaneous evaporation, in 
monoclinic or triclinic aystals, which are moderately soluble in water and alcohol, and 
do not effloresce. (Schwabe.) 

OxAULTES OF CiNCHONiNB. — The neutral oxalate is a white precipitate, insoluble 
in cold, slightly soluble in boiling water, very soluble in alcohol, especially if hot, and 
in oxalate of ammonium. The acid oxalate \b much more soluble than the neutral 
salt. Oxalate of fi-cinchonine is crystallisable. (Schwabe.) 

‘ OxALUBATB OF CiNCHONiNB. — Obtained by Saturating a boillug solutioD of pambaiiic 
acid with excess of cinchonine. The solution dries up to a yellowish transparent mass, 
whidh whitens a little as it assumes the eiystalline form. When boiled with hydro- 
chloric acid, it dissolves, producing oxalic acid. (Elderhorst.) 

PSBCHLOBAiii or CiNCTONiNB, C’*H**N’0.HC10* + aq.— Obtained by decomposing 
sulphate of cinchonine Edtb perehlorato of barium. Large rhomboidal prisms, having 
a strong lustre, and exhibiting a fine blue and yellow dichroism, even in very dilute 
solutions. Vety salable in water and aleohoL Melts and gives off its water at 160® C. 
SM decomposes with oepMon at a higher temperature. The salt dried at 30® C, 
^57 per cent. wp|rr at 160® (Boedeker, jun. Ann. Ch. Pharm. Ixxi. 69). 

Daubor (ihA 66), the dystals belong to the diclinie system of Ntiu- 
being rbomboTdal prisms of 126® 47* and 64® 13' with 
mppendienlar IrnneatmB of the acute edgea 



CINCHONINE 

p,TB OF CM^ONtmL— V fry tiiwtable prisinB, obtained. liker> (h^ perchlcffaUit. ^ 
Lao^oiiT periodic aeul oxidiies ciauioniitc mo^ Mpidly iStiVL quininOi 

■uiy i dV CurcBONiNB.— Very solable. A solutioQ ofciocteninqinphoiplMlifio 
by etaporaUon, somctimeertidiineiitary cnrystaH'bilt more |pwm 
tltetSMiwtplateii, which gradually become ciyatalline by ^ntaet with ynMer, 

^ PkitM^katB of 3-ct*Hcilofitne fonna ciystala nearly a lihe in lengtliii and appa* 
wntiiy dWaqna-angled, (S chwabe.) 

J^on^tB OF CiNCsairiKa. — ‘S^eUowpulTemlent precipitate, nearly inaoluble iii water, 
yetj aolnbie in aloohoL 

QumAin OF CnKSHOMXNB. — A strong aqueous solution of cinchonine in quinic acid 
depoeite, wheO left at rest, sometimea ^ky needles, soinotimca a mainmellated mass of 
small granuiee. The salt dissolves in half its weight of water at 25'^ C. : it contains 
wnler^of cryatoOiaation. From a solution in warm alcohol, it crystallises on cooling in 
-oolourieffS shinutg* short, compressed prisms, app^ntly unalterable either by ex- 
posure to the iir or by a moderate heat, but becoming completely opaque in course of 
diaeolves them very readily, but with partial decompjsition. Their 
squehna aolntion turns reddened litmus blue, but the alcoholic liquid from which they 
were deppaite^ turns blue litmus red. 

SouPKATB^ OF Cdtchoninb. — ^T ho neutral sulphate, 2C»IP*N^O.Tr‘SO^ + 2 nq., is 
obtained by exactly saturating cinchonine with dilute sulphuric acid. It fonns rhombic 
prisms of 83® and 97®, generally very short, and having their ends truncated or 
, MVelled: cleavable parallel to the prismatic faces; sometimes hemitwpic. They are 
hard, transparent, and have a vitreous lustre ; p€»rmanent in the air ; melt a litt le 
above 100® 0. and give off their 2 at. water between 100*^ and 120®. They dissolve at 
mean temperatures in 64 pts. water, 6^ pts, alcohol of specific gravity 0*86, and llj pts, 
absolute alcohol; insoluble in ether (Baup). It is but slightly dccoiiqwsed by the 

electric current. , v i. ■ ■ 

Sulphate of cinchonine becomes phosphorescent at 100® C. like sulphate of qniuine. 
At higher temperatures, it melts and then deconiposes, yielding a resinous matter of a 
fine red colour. But if the salt be previously mixed with ii little water and sulphuric 
iu'kI, it remains liquid at a low temperature, even after all the water has been driven 
olT; and if kept in this state for three or four hours at 120® to 130® C. it is completely 
transformed into sulphate of ciiichonicine, only a very small quantity of colouring 
inatti^r being then produced. (Pasteur, p. 969.) 

Sulphate of fi^cinchonine, 2C»«H**N‘‘O.II*SO« 4- 2 aq.— Ciy-stiilliHes in rboniU^ 
combinations oo P . oo I* oo . o P, in which «> P : oo 1** 136®. It dissolves in 76 pts. of 
cohi, and 14 pts. ofliot water; in 130 pt«. of cold, and 1-6 t»tH. hot alcohol of 80 per 
cent., and is insoluble in ether. The dilute a<iueouM solution is strongly indiscont. 
(Schwabe.) 

jleid Sulphate of Cinchonine, C“n*'N«O.H’SO‘ + 8 aa.— Bpr adding aulplmric 
acid to the neutral sulphate, and evaporating till a slight pellicle is fbrmed, the umd 
salt is obtained in rhombic octahedrons, often having some of their edgM oy summita 
modified, and cleaving very easily, at right angles to the axis, in well-defined shining 
lamina;. It is permanent in the air at oixlinaiy temperatures, but effloresces in veiy 
dry air or if slightly wanned. When heated, it gives off 11*73 per cent, water ■■3 at. 
At 14® C., 100 pts. of the salt [Panhydrous or hydmtedl, dissolve in 46 pts. water, in 
90 pts. of alcohol, of specific gravity 0*85, and in 100 pts. of absolute alcohol : it is 
insoluble in ether. (Baup, Ann. Ch. Phys. [3] xxvii. 323.) 

8UI.PHOCTAKATB OF CwcHONTini. C»H“N»0.nCy.S, cnr»talli«e» in briUii^ anliF- 
drous needles (Dollfue). Sulphocpanate of $-cinchontne la alao cryBUJhMoUo. 
(Sch wabe.) 

Tabtbato of Cwchokiwb. (Pasteur, Ann. Ch. Pbrs [3] xxaTui. 456. 469.— 
Arpp^ J. pp. Chem. liii. 381.)— These salts, neutral and acid, doxtro- or tero-ro^ 
toiy, are prepared by dissolving mnehonine in the proper proportions in the two modi- 

fleations of tartaric acid. ^ 

a. NeutraL 2C»H«JSX).C*H*0*+ 2aq.— Large needles groupM m bmidl^ spa^ 
ingly soluble in water, and giving off their CJyitaUisation- water, 4*6 per cent., between 

&cee, OD P : Co p at 133® 20' (nearly); t 


rl27®40vC* 


ao : 1 00 1Z7'' eu 

flmao. P aiw lonratudinaUv striated. It pres off its water 

tateVlstioii. 13-68^ cent.) at 100® a, anifat 130®, aaaamoa p red ootour and 



m imcnosmK 

t6 m^t. It dissolTet but in eold^ mnch more easily in hot wat«r| stfll moie 

in aleohol ; the 0 oluti<ai ia neatm to test-paper. 

' A solntion containing twice the quantity of tartaaic acid requiied to for^t this aalt» 
deposits at first, another acid tartrate in tranmrent well-defined czystals. > 

Ja^ VO - rotatory acid tartrate, (>«H**NK).C^H^+aq.---This salt gives off its 
water 4'58 per cent. (calc. 3*7 8), at 100® C. It is very sparingly soluble in alcohol 
and in water; the alcoholic solution is neutral, the aqueous solution acid to test-paper. 

If a nreat excess of acid is used in the preparation, another acid tartrate is obtained 
crystalused in brilliant tufts, composed of veir slender needles, and very different in 
appearance from the second dextro-rotatory acid tartrate above-mentioned. (Pasteur.) 

XJbatb of Gikchoninb, C“H®W0.C*HW0* + 4 aq. — Obtained by boiling uric acid 
^th cinchonine recently precipitated and diffused through a la^e quantity of water, 
^he liquid filtered at the CK>ili^ heat, deposits long prisms sparingly soluble in water, 
boiling alcohol, and ether. On heating the salt to 100® C. or leaving it to evaporate 
over oil of vitriol, it becomes opaque, and finally assumes a sulphur-yellow colour, 
pving off 12*49 per cent. (calc. 4 at 13*73 per cent). During the desiccation, it is 
in a state of constant agitation, and is finally conrertod into a crystalline powder, 
probably differing in form ffom hydrated crystals. (Elderhorst, loc. cit.) 

Brominatcd, Chlorinated, and lodated Derivatives of Cinchonine, 
BnoKOOiifCHOKiNB, C**H**BrN*0. (Laurent, Ann. Ch. Phys. [3] xxiv. 302.) 
— When bromine is poured upon moist acid hydrochlorate of cinchonine, a product is 
obtained, which, when freed from excess of bromine by washing with a little alcohol, is 
a mixture of acid hydrobromate or hydrochlorate of bromocinchonine and sesquibronio- 
cinchonine. On treating it with boiling alcohol, the former of these salts dissolves, 
while the latter is nearly insoluble ; and on adding ammonia to the decanted solution, 
boiling to expel part of the alcohol, and leaving it to cool, bromocinchonine is depo- 
sited in lamina, which may be purified by reci^tallisation. 

The acid hydrochlorate, C^H**BrN*0,2HC], crystallises in the same form os the 
corresponding salt of cinchonine. Tlio chloroplatinate, C*®H**BrN‘‘‘0. 21101. PtCl^ 
is a pale yellow powder, containing h1 oO® C. 24*2 por cent, platinum (calc. 2475). 
Sbsqutbuomocinchonine, C‘‘”H’«’*Br'’*N20. (Laurent, loc, c«7.)— When the 

S ulverulent residue, insoluble in boiling alcohol, obtained in the preparation ju.st 
escribed, is boiled with water, and ammonia added, a white bulky precipitate of sesqui- 
bromocinchonine is formed, which, after washing and drying, dissolves in boiling alco- 
hol, and crystallises therefrom in slender needles. It is slightly bitter ; its alcoholic 
Holution turns reddened litmus blue. It melts when heated, afterwards blackens with 
intumescence. It gives by analysis 65*45 per cent C, 5 18 II, and 28*3 Br, the formula 
veq^ring 66*270, 6*27 H, and 28*13 Br. 

The acid hydrochlorate, C®*H**'*Br^'*N*0.2HCl, forms rhombic tables, in which 
«»P:floP-107® to 10S*>. 

The hy dr ohromo chlorate, C®®H**’*Br'’®N*O.HCl.HBr, is obtained by pouring 
bromine on hydroehlorate of cinchonine; boiling with alcohol as above, to remove hy- 
drochlorate of biomocinehomne ; again pouring alcohol on the residual salt; boiling; 
adding ammonia, which dissolves it immediately; then adding excess of hydrochloric 
acid to the solution, and leaving it to cool. The salt is then deposited in small rhombic 
tables, in which oo P ; oo P — 107® to 108®. 

The ehloroylatinate, 0‘''®H**’®Br‘**N*0.2HCl.PtCl®, is a very pale-yellow precipi- 
tate, oontainiDg at 100® C. 23*0 per cent, platinum ; by calculation, 23*5. 

Dibboxooinohokinb, C®*H»*BiW* 0. (Laurent, Compt. ehim. 1849, p. 311.) — 
Bromine inexcees is poured on acid hydrochlorate of cinchonine, to which a littie water 
has been added ; the product is heated when the action is over, to complete the bro- 
inination of the cinchomne, and expel excess of bromine ; water is then ponr^ upon 
it ; the liquid is boiled and filtered ; alcohol is added to the aqueous filtrate, heat again 
applied, and the solution is neutralist with ammonia. On cooling, it deposits dibromo- 
icinehonine in colourless laminae, with nacreous reflexion. 

Dibromocinchonine is insoluble in water, sparingly soluble in boiling alcohol. At 
about 200® 0. it swells, blackens, and yields a substance which dissmves easily in 
potash, and is separated therefirom W acids in brown flakes. Dibromocinchonine gives 
by analysis 61*20 cent C, 4*4 H, and 84*00 Br, the formula requiring 61*28 C, 
4*70 H, and 34^19% A solution which had b^n left for some (hiys in an open 
vesiel, deposited rectangular octahedrons, containing 4*2 per cent. «« 1 at. water of 
ayptallisatioo, 

lltie acid hydroehloraic, obtained by treating the base with 

hyd^blofio am. Is sparingly soluble in water, and separates foom a boiliim solutioo 
ak itlMdVIe having their four acute angles truncated ; eo P : od F« 



CINCHONINE. m 

HI49 to 106® : P flo : »187. It« solution deflects the plane of polarisation to the 

light* 

Dxokobooh»chonikb,C!^H«C 1*N*0. (Laurent, Ann. Ch.Phy8. [8] xxiv. 802.) 
. — The acid hydrochlorate of this base is formed Uy passing chlorine into a hot concen- 
trated solution of amd hydrochlorate of <^choniue ; and on adding ammonia to a 
solution of this salt in boiling water, the base is precipitated as a light flocculent mass, 
which ciystallises ficom boiling alcohol in microscopic needles, yiel^ng by analysis 
18*9 per cent chlorine (calc. 18 ‘83) 

The acid hydrochloratt\ C*®H**C1*N-0.2IIC1, is sparingly soluble in water, and 
requires 60 pts. of alcohol to dissolve it : the solution is dextro-rotatory. The suit 
eijstallises in rhombic tables isomorphous with the crystals of acid hychMchlorate oi 
cinchonine, oo P : oo P = 106°; Poo : oP«136'^ 30' to 137® 30'. 

The rhf oropiatinate, C^H^CPN-^O.^llCl.PtCl*, is a pjile yellow p>wder, yield- 
ing at 100®, 2*1*00 per cent, platinum (calc. 2;>'06). 

The acid kydradro niatt^ C‘^Jl^“Cl‘N^0.2HJ3r, obtained by treating the base w'ith 
hydrobromic acid, is sparingly soluble, and crystullises in brilliant laminae, having sensibly 
the same angles as those of the acid hytbochlorate, but presenting a different appearance, 
inasmuch as the modifying faces are considerably developed, so that the rhombic tablet 
is transformed into a six-sided prism ; oo P : « F = 104® ; t oo : oP - 137®. The salt 
has the same composition as the acid liydrochloratc of dibroniocinchonine, but differs 
from it in giving with nitrate of silver a precipitate of bromide of silver, whereas the 
latter yields a precipitate of chloride. 

The nitrate is sparingly soluble in water, and crystallises in small elongatetl totra- 
nedrons, formed of four equal scalene triangles, and having their opposite edges trun- 
cated. 

loPOOiNOHONiKB, 2C“H**N*O.P (?) (Pelletier, Ann. Ch. Phys. [2] Ixiii. 181.)— 
When cinchonine is triturated with about half its weight of iodine, and the product is 
treated with alcohol of 36 per cent, the whole dissolves, and on leaving the solution to 
evaporate, it first deposits the so-called iodocinchonine in saffron -coloured plates, after- 
wai^ dystalline nodules of hydriodate of cinchonine. On treating the whole with 
boiling water, the hydriodate dissolves, and the iodocinchonine separates in the melted 
state. 

Iodocinchonine has a deep saffron-yellow colour when seen in mjiss ; its powder is 
lighter. It has a slightly bitter taste. When heate^ it softens at 26® 0. but does 
not enter into complete fusion till heated to 80®. It is insoluble in cold wat<*r, very 
soluble in boiling water, soluble in alcohol and ether. It gave by analysis 28*83 per 
cent iodine (calc. 29*03). 

Iodocinchonine may be decomposed by the successive action of acid and alkaline 
solutions. It is likewise decomposed by nitrate of silver. (Pelletier.) “ 

If the preceding formula be correct, the compound is not iodocinchonine, but iodide 
of cinchonine. 

Sulphate of Iodocinchonine, (W. B. Herapath, Chem. Soc. Qu. J. xi. 161’.]) — 
Cinchonine treated with iodine and strong sulphuric acid, yields a crystalline salt, which 
resembles the corresponding quinine-compound in its action on light It ciystallises in 
long needles, which appear deep purple-red by transniittiul, and dark purple-blue by re- 
flected ^ht ; their laminte appear lemon-yellow by transmitted light, and if two such 
thin plates be superposed in such a manner that their longest dimensions may cross 
one another at right angles, the system is perfectly impervious to light, the two plates 
acting in fact like two tourmalines with their axes crosstnl. (For further details re- 
lating to these properties, see Sulphate or Iodoqulmnb, under Quihinb). The salt 
dissmves easily in strong boiling alcohol, and crystallises therefrom; sparingly in 
weak alcohol, and scarcely at all in water, ether, and chloroform. ^ Uorapath assigns 
to it the formula C**H"N*0*P.H*SO* + 3aq., which is very improbable. 

Sulphate cf Jodo-fi-einchonine is obtain^ in indistinct crystals on adding a wa^ 
solution of 8 pts. iodine in 116 pts. alcohol to a solution of 10 pts. of sulphate of ^-cin- 
chonine in 144 pts. acetic acid, and 12 pts. dilute sulphuric acid, (Schwabe.) 

DariwUivee of Cinchonine containing Organic Radiclec, 

BaKSOTXi-OiNOBONiNB, C*^H**N*0 — C*H**(C’H*0)N*0. (Schiitzenberge:^ 
An^ , C3h- Pharm. cviii 361.)— Diy cinchonine dissolves with rise of temix»mture in 
chkyridc cf bensoyl, and the mixture, if heated for a few seconds, solidiflM to a ciystalline 
mass of hjdzDChlorate of benzoyl-cinchonine. This salt dissolves readily in water, and 
thcaalution,quicldy decanted from undissolved chloride of benzoyl, yields with ammonia 
a white g^ntmous precipitate of benzoyl-cinchonine, which hardens in the cold. It is 
tantrlrua and unciystallUable, insoluble in water, but dissolves in all pr^riiona lb 
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tiephol snd ether. Its salts are eaailj soluble ia water. The k^droehhrau l. 
C”B.^^O.ECi ; the ehloroplatmate C^H*WO* 2(ffCLPtCl^). 


% llIataYL^JNCXojiJNB, C**H®W^0=C**H**(CH*)N*0. (Staiilsclimidt^ Ana. Ch, 
Pharm. xc. 218.) — The hydriodate of this base, is produced by the 

action of iodide of methyl on pulverised cinchonine. It dissolves easily in boiling 
water, and separates in £ne needles on cooling. It is not attacked by iodide of 
methyl when heated therewith to 100*^ 0. in a sealed tube ; hence cinchonine appears to 
contenn but 1 at. of hydrogen replaceable by an alcohol-radicle. 

The iodide treated with oxide of silver, yields a solution of the base, which, when 
quickly ev^orated over the water-bath, leaves a brown crystalline mass, from which, 
when dissolved in water, brown oily drops separate. The aqueous solution precipitates 
the salts of sesquioxides. 

The salts of methyl-cinchonine are veiy soluble in water and in alcohol, and difficult 
to crystallise. 

The chloTO'platvnaUy C*'H““N*0.2HCl.PtCl*, yields when dried at 100® C., 26*70-' 


26*77 per cent, platinum, the formula requiring 26*93. 


CznrCBOViLTXSrS. Syn. with Abicinb. (p. 357). 


OZanrABiUK. Protosulphide of mercury. (See Meboury.) 


CZBarAMCBZir. Cinnarmte of Benzyl. C'®H**0* * (Plantamour, 

Ann. Ch. Pharm. xxvii. 329 ; xxx. 241. — ^Frimy, Ann. Ch. Phys. Ixx. 189. — H, De- 
ville, Ann. Ch. Pharm. Ixxiv. 230. — E. Kopp, Compt. chim. 1860, p. 410.— 
Scharling, Ann. Ch. Pharm. xcvii. 184. — Gm. xiii. 283. — Gerh. iii. 404.) — This 
compound was discovered by Plantamour (1838), who obtained it from balsam of 
Peru, in which, according to Simon, it exists ready formed; according to hV^my and 
Deville, it exists also in small quantity in Tolu balsam. According to Scharling, 
cinnamic acid dissolved in porurin (a mixture of benzylic alcohol and toluene) forms a 
liquid, which, when saturated with hydrochloric acid, yields to boiling water a neutral 
oil resembling cinnamein. 

Preparation . — Balsam of Peru is saponified by agitation with excess of caustic 
potash, and the solid soap dissolved in water : the solution on being warmed, separates 
after a few minutes into two layers, and the upper, which is oily, is to be repeatedly 
washed with water, till the oil exhibits a faint reddish-yellow colour. The residual 
water is evaporated over the water-bath ; the oil dissolved in warm alcohol and evapo- 
rated; and this treatment repeated as long as resin separates out on evaporation. 
(Plantamour). — 2. Balsam of Peru dissolved in alcohol of 36®, is treated with alco- 
holic potash, whereby a compound of resin with potash is precipitated ; the solution is 
mixed with water; the cinnamein which separates out in the form of an oil is separated 
from the inferior solution of cinnamate of potassium, and dissolved in freshly-rectified 
rock-oil, whereby resin is removed ; the rock-oil is then evaporated, and the residual 
oil placed in a vacuum. Cinnamein thus prepared, still retains styracin in solution, the 
quantity varying according to the nature of the balsam. To free it from this im- 
purity, it is dissolved in weak alcohol, and cooled for several days below 0®, as long as 
a crystalline deposit of styracin continues to form (Fr^my). — 3. Balsam of Peru is 
repeatedly boiled with aqueous carbonate of sodium, and tlie cinnamate of sodium is 
removed by washing, the residue then separating into a resin, and a yellowish-brown 
liquid which must be heated to 170® C. on the oil bath, and distilled in steam heated 
to 170®. Colourless, somewhat milky cinnamein then passes over, and is freed from 
adhering water by standing for some time in a warm place, over chloride of calcium. 
Sometimes, perhaps always, the cinnamein thus prepared contains in solution sUracin, 
which, after long standing, partially crystallises out (Scharling). Calcined mag- 
nesia or oxide of lead also separates cinnamein from balsam of Peru, by combining with 
the cinnamic acid, and separatiDg resin. (Simon.) 

Pr^erties,-^ Cinnamein is a feebly coloured or colourless, strongly refracting, neutral 
. oil, which remains liquid when cooled to —12® or —16® C. for several days. It boils 
at 306®, and distils without decomposition (Plantamour); between 340®-and 360®, 


with partial decomposition (Deville, Fr4my). It has a feeble pleasant odour. Its 
taste is sharp and arpmatic, recalling that of fat. It makes gr^e spots on paper. 
Specific gravity, 1*098 at 14®; 1*0926 at 26® (Scharling). It is nearly insoluble in 
water, but dissolves in alcohol and ether. 

Ciunamein contains, according to Scharling's analysis, 79*18 to 79*24 per cent C, 
6*66 Jto 6*03 H, and 14*26 to 13*720, agreeing nearly with the preceding foimula, 
which requires 80*62 C, 6*88 H, and 13*46 O. — When kept under water for some time, 
it yields a ci^stalUne substance of tlu* same composition, m e tacin namein, which melts 
between 12 and 16® G. soQietimes resolidifies after cooling and standing, but after solu- 
tion in boiling alcohol cannot again be obtained in the ciystalline form. (Scharling.) 
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Cinnamein dowly absor^ moist oxygen (Fr4my). ^ When exposed for yearn to orfr. 
•nd Ughty it acquires a rancid odour and ^id reaction. Crystallised cinnamein preseryMy^^' 
in a glass Tessd for a year melted to a viscous mass, and in another rear solioified to 
transparent amorphous mass (S c h a r 1 i n g). Cinnamein is partially decomposed by dis* 
fa’lla tion. leaving a small quantity of tar, and yielding a distillate differing in compo* 
sitiou ftom the original substance. 

It is resinised by strong sulphuric acid (Fr^my). It slowly absorbs ehlcrinSy more 
easily when heate^ becoming at the same time coloured and thickened, and when dia- 
tilled, ultimately yields cldoride. of bensoyl together with an oil (FrAmy). Nitric 
acid acts briskly on cinnamein when heated, forming a yellow resin and a largo 

2 uantity of bitter almond oil. Peroxide a/ lead acts in a similar manner (Frimy). 
linnamein forms a crystalline compound with ammonia (Plantamour). Mixed with 
sulphide of carbon and powdered hydrate of potassium, it forms a saline mass con- 
taining xanthate of potassium (S c h a r 1 i n g). Rapidly heated with very concentrated . 
potash-ley^ or melted with hydrate of potash, it gives off liydrogen, and passes into 
cinnaniate (and benzoate) of potassium (Fr6niy). Treatoa with very concentrated 
potash-ley in the cold, or with alcoholic potash, it is completely resolvea, in 24 hours, 
without disengagement of gas or absorption of oxygen, into henzylic alcohol and cin- 
namate of potassium : r KUO C’H“0 + C“IUKO* By the continued 

action of the potash, the beuzylic alcohol may be converted into benzylone. (C^H*.) 

Plantamour, by treating ciiinamciii with strong alcoholic potash, obtained, together 
with ciimamic acid, an acid which he designated as carlKihmcoic or myroxylic acid ; 
probably impure benzoic acid resulting from the decomposition of cinnamic acid under 
the influence of potash (p. 984). 

OlMBrAanirB. C^H* Cinnamol. Styrol. Volatile Oil of Liquid Storax, (Bo* 
nastre, J. Pharm. xvii. 338. — U’Arcet, Ann. Ch. Phys. Ixvi. 110. — Mulder, J. pr. 
Chem.xv. 307.— E. Simon, Ann. Ch. Pharm. xxxi. ‘265. — C. Herzog, Pharm. Contr. 
1839, p. 833. — Gerhardt and Cahours, Ann. Oh. Phys. [3] i. 90. — E. Kopp, Compt 
chim. 1846, p. 87; further, Compt. rend. liii. 634. — lUyth and Hofmann, Ann. Ch. 
Pharm. liii. 293, 326. — Hein pels, ibid. lix. 316. — Scharling, ibid» xcvii. 184. — 
D. Howard, Cliom.Soc. Qu. J. xiii. 134 ; Gm. xiii. 1 ; Oerh. iii. 374.) — This compound 
is produced by the decomposition of cinnamic acid (p. 981), and is contained in liquid 
gtorax (p, 982), whence it may be ol>taincd by distillation with water. It was for- 
merly supposed that cinnamone obtained from cinnamic acid was not identical, but 
only isomeric, with styrol, the volatile oil of storax, because the latter is completely 
converted by heat into a solid substance, nwtasiyroly of the same composition, whereas 
with cinnamene this change had been observed to take place but imperfectly ; but E, 
Kopp has lately shown that this transformation takes place quite as completely with 
cinnamene as with styrol, an observation which removes the only objection to the sup- 
posed identity of the two substances. 

Preparation. — a. From Cinnamic Acid and the Cinnamates^ Cinnamio acid, when 
slowly distilled at its boiling point, is •completely resolved into cinnamene and carbonic 
anhydride : 

C*H»0* w CO« + C»H». 

Pure cinnamato of calcium is likewise resolved by diy distillation into cinnamene and 
carbonate of calcium (D. Howard). Cinnamic acid distilled with excess of lime or 
baryta yields a mixture of cinnamene and benzene, which may be separated by rec- 
tilication. 

b. From Storax. — The liquid balsam is distilled in a copper still connected with a 
W’orm-tub, with water containing carbonate of sodium, to retain cinnamic acid; 3^ lbs. 
of carbonate of sodium suffice for 10 lbs. of storax. The water which passes over is 
milky, and the cinnamene floats on the surface. The quantity obtained varies with the 
age of the balsam. Blyth and Hofmann obtained in one operation about 860 gramme 
of oil from 201 kil. of liquid storax, in another not more than 90 grins, from 13^ kiL 
The oily distillate is dried over chloride of calcium and rectified. This last operation 
requires pariicular precautions. The liquid begins to give off vapour between 100° and 
120^ C., and at 146° it is in full ebullition, a limpid oil then passing over, and the 
thermometer ramaining stationaiy for some time ; suddenly, however, a considerable 
rise takes place, and the thermometer must then be quickly withdrawn from the tvfort* 
for the residue thickens, and on cooling solidifies to a transparent glass, consisting qf 
metacinnamene or metastyrol. The quantity of this solid residue varies, but it some- 
times amounts to half the oil subject«*d to distillation. , . . - ' 

c. Cinnamene may also be obtained from the resin of Peru balsam, by heating tbi^ 
snbstance mixed with pumice to dull redness in a retort, subjecting tiio oil which 
passes over, toisetber with benzoic acid and an aqueous liquid, to fractional dutillation. 
The portiem n^ich goes over under 176® C., and is lighter than water, is wUect^ » 
peatedlv distilled with Dotash-solution. allowed to stand toveml days over pieoeaof solid 
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potaab, and then distilled at a tempmtore not exceeding 150^0. The distillate is dried 
with chloride of caldtimi treated with potassium, whereby hydiwen is eyolred, and the 
fiuid part is decanted from the resulting gelatinous ^cipitate and disced. The boiling 
point then gradually rises to 100*^ — 140*^ C., by which time all the dnnamene remains 
behind, amounting to } of the liquid employed. (Soharling, Ann. Ch. Pharm. xcviL 
184.) 

Oinnamene is a veiy mobile colourless oil, haying a strong persistent aromatic odour, 
reminding of benzene and naphthalene together. It does not solidify at— >20^0. It 
is yery yolatile, the grease spots which it produces on paper disappearing in a few 
seconds. Specific gravity 0*924. Boiling point 145'7d° O. (Bly th and Hofmann); 
145^ (£. Kopp). It is neutral, mixes in all proportions with alcohol and ether, vola* 
tile ous, and sulphide of carbon, and dissolves sulphur and phosphorus. 

. : Oinnamene is not acted upon by potash. With fuming ml^hurie acid it appears to 
a conjugated acid. If added by drops to fuming nitric acid, it dissolves with 
evolution of red vapours ; and water added to the solution throws down a yellow resin, 
which, by careful distillation, yields crystals of nitrocinnamene. If boiled with 
excess of nitric acid, it yields benzoic or nitrobenzoic acid, according to the strength 
of the nitric acid. Distilled with dilute chromic add, it yields crystals of benzoic acid. 
With chlorme and bromine, it forms chloride and bromide of cinnamene. 

Metacinxambnb. MttaetyroL Draconyl. — This is the solid substance into which 
cinnamene or styrol is converted by the action of heat. The conversion takes plat'u 
readily in a sealed tube heated to 200^ O. in an oil-bath. Metacinnamene is likewise 
obtained from dragon’s blood. When the crude oil produced by the dry distillation of 
that substance is distilled till the temperature rises to 280® C. a liquid is obtained con- 
taining toluene (hydride of benzyl, p. 573), and cinnamene. On distilling this mixture 
at a temperature below the boiling point, till the greater part of the toluene has passed 
over, a viscous liquid remains, consisting of metacinnamene, held in solution by a 
small quantity of styrol. On pouring this liquid into alcohol, the cinnamene dissolvi^s, 
while the metacinnamene is precipitated in the form of a soft colourless resin like tur- 
pentine, which may be washed with alcohol, and then dried in a stove at 150® 0. 

According to E. Kopp, the transformation of cinnamene into metacinnamene likewise 
takes place spontaneously at ordinary temperatures. This property, joined to the higli 
refracting power of metacinnamene, suggests the possibility of using cinnamene fur 
filling hollow glass lenses or prisms. According to Kovalevsky (Ann. Ch. Pharm. 
cxx. 66), metacinnamene exists also, together with cinnamene, in liquid storax. 

Metacinnamene is a colourless, limpid, highly refractive substance, destitute of taste 
and odour. At mean temperatures it is and may be cut with a knife ; but it softens 
by heat, and may then be drawn out into long threads. It is insoluble in water and 
alcohol ; ether dissolves it in small quantity, and at the boiling heat transforms it into 
a gelatinous mass, which, after diying at 100® O., forms u white spongy substance, 
having exactly the composition of styrol. 

Metacinnamene liqueSSea when heated in a small retort, and yields by distillation 
pure cinnamene, which may be reconverted into metacinnamene by heating to 200® C. 
in a sealed tube. 

Chlorine and bromine act veiy slowly on metacinnamene, but ultimately convert it 
into chloride and bromide of cinnamene respectively. Strong eulphurio acid carbo- 
nises it. By fusion with hydrate of potassium it is converted into styrol. Nitric acid of 
ordinary strength acta but slightly on metacinnamene, but fuming nitric acid dissolves 
it easily, with evolution of red vapours ; and if the acid has been added in sufficient 
quantity, the solution yields with water a precipitate of nitrometacinnamene. 

Compounds and Derivatives of Cinnamene, 

Bbomidb of Cxmnahbne. C*lPBr*.— Produced by the action of bromine on cinna- 
mene. It is insoluble in water, but veiy soluble in mcohol and ether, whence it ciys- 
tallises in needles. Solutions saturated at the boiling heat usually deposit it in the 
form of an oil, which remains liquid for a long time, and solidifies suddenly when 
agitated. It has a peculiar odour, which is not disagreeable, but excites tears. It 
melts at 67® C., and- often remains liquid, even when cooled to 30® C., but the least 
agitation causes it to solidify in a czystalline mass. Its boiling point is above 200® O. 
It may be distilled almost wholly without alteration. AlcohoUc potash converts it 
Into bromide of potassium and a brominated or^nie compound. 

Chhride of Cinnamene, — Oily produced by the action of chlorine 

dn cinnamene. It is decomposed by distillation into hydrochloric acid and another 

^*%reat^with alcoholic potash, it y iel^ chlorocinnamene^ C*H^0L 

TydMorids of IHehUroeinnamene, C^*CP.3C1*, is obtained, according to Laurent, 
by the aetlon of chlorine on cinnamene. 
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KiWKSQUiAianni. NOrosfyrol, C*H*(NO*). — Produced by the aetioii of jAunins 
uitzic acid on cinnamene (p. 980). It cry8t4dii8e8 in large prisms ; has an odonv or 
cixinamon which excites tears ; produces painful blisters on the skin. 

yitrometacinnamene, Nitrometastyrol, Nitrodraconyf . — This compound, isometie 
with the last, is prempitated on ad^ng water to the product of the action of ihniiij||| 
nitric acid on metacinnamene. It is a white amorphous powder, insoluble in watee; 
acids, potash, ether, a]<^hol. When slightly heated, it bums with ejploeioiu 
When wtUled with lime, it is decomposed, with separation of carbon and evnhUieii of 
ammonia, together with a small quantity of a brown oil containing phenylaiiiitte. It 
does not appear to be attacked by strong nitric acid, even after seveiM hours* boiUng. 

CZWAmo A.CZ]>. n ZirnmUoatre. CinnamyMuf^ 

(Pumas and PAligot [1834], Ann. Ch. Phya IviL 311. — Simon, Ann. Ch, Pharm, 
xxxi. 26o. — Stenhouse, ibid, Iv. 1; IviL 79. — Herzog, Arch. Pharm. xvii. 79; 

159 . — E. Kopp, Compt. chim. 1847, p. 198; 1849, p. 146; 1860, p. 140. — Oa- 
honrs, Ann. Ch. Phys. [3] xxiiL 341. — Schabus, Wien Akad. Per. 1860 [2] 206. 

Chiozza, Ann. Ch. Phys. [3] zxxix. 439. — J. Lowe, J. pr. Chem. Ixv. 188. — Piria, 

Ann. Ch. Pharm. c. 104. — Bertagnini, Cimento, iv. 46.^ Qm. xiii. 208. — Gerh. 
iiL 388.) — This add exists in the free state in several balsams, as in liquid atora:^ 
Tolu balsam, Peru balsam, and gum iR'uzoin, and is often deposited in large prisiiiatio 
crystals from old samples of oil of cinnamon; also from cinnamon- water. 

Formation , — Cinnamic acid is produced; 1. By the action of oxidising agents on cin- 
namic aldehyde and on styrone. — 2. By heating bitter-almond oil with chloride of 
acetyl in a sealed tube to 120® — 130® C., but not higher, for 20 — 24 hours, hydrochloric 
acid being formed at the same time ; 

C^H*0 + C*H*O.Cl = HCl + O»H»0*. 

The cinnamic acid may be extracted from the viscid residue by digestion with water 
containing ammonia. — 3. By boiling cinnamein with potash, oonzylic alcohol being 
formed at the same time (p. 979). — 4. By fusing styracin with potash (FrAmy) or 
boiling it with potush-ley. (Simon.) ..... 

Preparation , — a. From the deposit ofeinnamate of lead mixed with cinnamic acidf 
found in tho old leaden packages in which oil of cassia-cinnamon is imported. The 
deposit is dissolved in alcohol and filtered from the cinnamate of lead, and the alcohol 
is removed from tho flltnite by distillation ; tho cinnamic acid then quickly rrystailises 
out from tho oil, and is purified by treatment with carbonate of sodium and precipitation. 
The rctsidual cinnamate of lead is boileil with carbonate of sodium, filtered from the 
carbonate of lead, and the cinnamic acid is precipitated by dilate sulphuric acid, in 
silvery lustrous laminae, which are washed, and recrystallised from alcohol (llerzog). 
Dumas and P6ligot dissolve the crystalline dc(>osit from oil of cinnamon in boiling 
water, and evaporate the filtrate to tho crystallising point. 

b. From Liquid Storax , — Liquid storax is distilled with water and 4 to ^ pts. of 

tallisod carbonate of sodium, whereupon styrol passes over. Tho residual aqu^us liquid 
is filtered from the resin ; and the filtrate is mixed at first with just so much sulphuric 
acid, that a very small quantity of cinnamic acid is precipitated along with dissolved 
resin ; and the liquid filtered from this precipitate is treated with excess of sulphuric 
acid, which precipitates cinnamic acid of a tolerably white colour. It is dissolv^ 
in a la r ge quantity of water, with as little Ciurbonate of sodium as possible, and again 
precipitated, first with a little sulphuric acid, and then, after the filtration, with an 
excess of acid, by which a white precipitate is formed. This is washed with watw^ 
dried, and dissolved in alcohol, which, by spontaneous evaporation, yields quite white 
and very large ciystals (E. Simon). Erdmann and Marcnand purify the acid by dis- 
tillation, pressure between paper moistened with alcohol, and repeated crystallisation. 
D. Howard (Chem. Soc. Qu. J. xiii. 72)fln<l8 that cinnamic acid prepared froin lianid 
atorax cnnfRinii a small quantity of benzoic acid, &om which, however, it ia purified by 
eiystallisation from alcohol. . . » 

c. From Balaam of Peru , — When the slimy residue which deposits in Feravian 
balsam by keeping, is dissolved in warm alcohol, and the filtrate is placed in a taB 
and narrow cylmder with a layer of water on tlio top, crystals of nearly pure cinnamie 
acid separate in a few days firom the clear brown liquid (H erberger). ^Wbon Pem- 
vian balsam is boiled with thick milk of lime, tho liquid filtered,^ the residual magma 
exhausted three or four times with boiling water, and the solution again filtered, the 
filtrate deposits on cooling, loose, almost white masses of dyatals ; and these, when 
deoompoeed hr hydrochloiSs acid, yield nearly pure cinnamic acid, which majr be ol^ 
tained perfectly pure, either by distillation, or oy solution in ammonia, filtratioii, asd 
precipitation while hot by hydrochloric acid (E. Kopp). Simon proceeda aa With 
stonx* 


3b 4 
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^ A Frim BaUam of Tolu. — ^Balsam of Tolu is boiled six or seven times with solu. 
tions of carbonate of sodium, which are taken continually weaker f the last extracts only 
contain a little benzoic acid, produced by the action of the alkaU on the resin) ; anj 
-^he alkaline decoctions are strongly concentrated by evaporation, and precipitated liot 
hydrochloric acid, whereupon most of the cinnamic acid melts into a brown resin, 
ind but little ciystallises out on cooling. The latter is pressed, the resin is pulverised] 
aipd both dissolved in ammonia diluted with 2 pts. of water, and heated to S0<^c! 

resin then remains dissolved* The liquid is filtered ; the re. 
Uedfwith water; and the whole of the very brown liquids are evaporated 
Spd <^0O^posed, while boiling, by hydrochloric acid, whereupon most of the acid again 
nial^ jy hile the remainder seprates out on cooling in nearly white ciystaHiue scales, 
' and washed with a little cold water. The melted acid is also washed 

water. The whole qf the acid is heated in a porcelain dish covered with 
hyii the Filter is expelled — veiy little acid subliming even at 200*^ C. — and the 
'fitted imdue bruised and distilled. Pure cinnamic acid then passes over as a colour, 
less, desjf^^atrongly refracting liquid, which solidifies to a white cxystalline mass like 
stearin. Tbwards the end, yellowish vapours arise, which, when collected in another 
• receiver/ i^idify into a mass of acid, which is contaminated by the presence of the em* 
pyreum^tie oils of the resin, but may be obtained quite pure by recrystalUsation from 
TOiling water. (E. Kppp.) 

Propertif/t . — 0u|iuimic acid crystallises in colourless prisms or laminee belonging to 
the monoclinic system. Ordinary combination, ooP . [ ooPoo ] . [Poo ]. Ratio of ortho- 
diagonal, clinodiagonal, and principal axis 0*3674 : 1 : 1*1694. Inclination of clino- 
diagonal to principal axis » 82^^ 68'. Cleavage perfect parallel to [ ooPoo ]. Specific 
gi'avity of mystals 1*195. 

Cinnamic acid dissolves sparingly in cold water, easily in boiling water, alcohol, and 
ether; water precipitates it from the alcoholic solution. It melts at 129° C., and boils 
■without decomposition at 293° (Dumas andP41igot), at 300° — 304° (E.Kopp), with 
OP without decomposition, according to the manner in which it is heated. If enclosed 
in a sealed tube, it may he heated to 200° C. (in a paraflSn-bafch) for several hours 
without alteration. (Howard.) 

Decompositions. — 1, Cinnamic acid, when slowly dLstilled, is resolved into cinnamene 
and carbonic anhydride: C*H®0^ = C*H* + CO*, a small quantity of stilbeno, C'^H'*, 
being likewise pr^uced, and passing over with the cinnamene (H o wa rd). — 2. On red- 
hot platinum>foil, or in the fiame of a candle, it burns with a smoky fiame (Bizi o). On 
red-hot charcoal, it evaporates without flame producing a strong biting smoke. — 3. Strong 
sulphuric acid^ or sul^ntiric anhydride, converts it into snlpho-cinnamic acid. — 4. Cin- 
namic acid heated with excess of iodine, melts to a dark brown mass; and when this 
mass is heated with water, and the excess of iodine expelled by evaporation, iodocin- 
uamic acid ciystallises out on cooling (Herzog). — 5, Bromine passed over cinnama^e 
of silver forma bromocinnamic acid (Herzog). — 6. Chlorine passed in diffused daylight 
over dry cinnamic acid, forms a tough greasy substance, which, vvl»en heated with 
carbonate of potassium, forms chlorocinnamatc of potassium, and deposits a white oil 
containing chlorine (H e r z o g). The same products are formed when chlorine is passed 
into warm aqueous cinnamic acid or cinnaniate of sodium, and when cinnamic acid is 
distilled with hypochlorite of calcium (Stenhouse, E. Kopp), or with chlorate of 
potassium and hydrochloric acid. — 7. Strong nitric acid converts cinnamic acid into 
nitrobenzoic aciA provided the mixture be kept cool ; othorwise nitrous fiames are 
evolved, and hydride of benzoyl is first obtained, then benzoic and nitrobenzoic acids. 
The same products are formed on heating cinnamic acid with more dilute nitric acid. 
— JB. Boiled yrith peroxide of lead in aqueous solution, cinnamic acid gives off the odour 
of bitter-almond oil, while the peroxide of lead assumes a light yellow colour, and is 
partially converted into benzoate of lead. This behaviour serves to distinguish cin- 
namic add from benzoic acid (Stenhouse). — 9. Cinnamic acid distilled with sulphuric 
acid and acid chromate of potassium, yields oil of bitteivalmonds (Simon). — 10. With 
pentachlorids of phoophorus (also the trichloride, according to B4 champ), it yields 
chloride of dnnamyl (Cahours). — 11. Fused with hydrate of potassium, it gives off 
hydrogen, and forms acetate and benzoate of potassium, a small quantity of i^ic^'late 
of potassium being also produced by the action of potash on the benzole add pre* 
viouslyformed (Chiozza); 

+ 2KHO - COTKO* + CTB[«()» + H». 

Cinnamio add is not decomposed by boilii^ with strong caustic potash (Simon). — 
12. In the diy distillation of the alkaline dnnamates or of cinnamic acid with caustic 
hwryia or lim/s^ a carbonate is formed, together with cinnamene and benzene. — 
Cinnamate of calcium, distilled formate of cofriicitr, yields dunamic aldehyde 
(Piria. The reactions 6, 7| and 8, serve to distinguish cinnamic add from benzoic 
acid. 
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Cm WA.itA.TB9.— Cinnanuc acid is monobasic, the formnla of itsaalts being CWMO*. 
They are crystallisable, and bear considerable resemblance to the benzoates. The 
cinnamates o( the alkali-metals are easily soluble in water ; those of the earth-metala 
and heavy metals sparingly soluble, the least soluble being the silrer-s^t They diso 
solve more readily in water containing chlorides or nitrates. 

The solutions of most cinnamates yield a precipitate of cinnamic acid when decom^ 
posed by the stronger acids. Cinnamates are decomposed by diy distillatioii, giying 
otF an odour of bitter-almonds. With strong nitric acid, they turn yelloWt dr 

the odour of oil of cinnamon and bitter-almond oil. They likewise yirld Wttiif flijiSjind 
oil when distilled with chromic acid. With/f mV? salts, they give a yelldW pt|Pp^ati% 
and with manganous salts, the cinnamate being in excess, a white precipitate /^jhidii 
soon becomes yellowish and crystalline. Benzoates give a reddish precipitatil^^th 
ferric salts, and none with manganous salts. The cinnamates have been 
chiefly by Herzog (J. pr. Chem. xxix.51), and R Kopp (Compt. rend, liii.^^ 

Cinnamate of Aluminium, — Loose white powder, sparingly soluble in^ld, 
hot water. ’ 

CinnamaU of Ammonium^ 2C*H^(NH*)0*-f aq. — Sparingly soluble iQ cold water: 
gives off ammonia when melted, yielding a crystalline sublimate and a resinous residue. 
With excess of cinnamic acid, it forms an acid salt still less soluble in water. ^Ilerzog.) 

Cinnamate of Antimony and Potassium is deposiU^d from a mixture of cinnamate 
of potassium and tartar-emetic, in delicate hydrated ciystals, Which rediasolve if left 
for a long time in the lic^uid. Tho salt yields by calcination, a ^olourlelM residue, 
which effervesces with acids, and is coloured orange-red by sulphuretted hydrogen. 
(Herzog.) 

CinnamaU of Barium^ C**H'^Ba"0* + aq. — Precipitate, soluble in boiling water, 
crystallising on cooling. Gives off its water at 110° C. (Herzog.) Acceding to 
£. Kopp, ^e salt 'forms broad, irregular, transparent, nacreous lAiniuee containing 
+ 2aq., becomes anhydrous at 140^ C., and when distiileil with excess of 
barytic hydrate, yields nearly pure ctiiiiameno. 

CinnamaU of Calcium^ + 2aq. — Very little soluble in cold water, 

easily in boiling water, whence it separates in light crystalline masses (He:?zog).— 
C*®H**Ca"0* + 3aq. White shining needles composed of thin nacreous lamin®, having 
the form of nearly rectangular parallctognims. It gives off one-third of its water 
when exposed to the air at ordinary toniporatunss, and ilie rest at 1A0° C. (R Kopp.) 

Cinnamate of Cohalt, — Koao-coloured precipitate, soluble in alcohol. ^Herzog.) 

Cinnamate of Copper^ C*®H*^Ca0^.a'CV^H*0*. — Tho greonish-bluo precipitate obtained 
by double decomposition, is a highly hydnvted basic salt. When heated, it loses its 
blue colour and decomposes, giving off cinnamic acid and cinuameno, and leaving 
metallic copper mixed with charcoal. 

Cinnamates of Iron. — Both tho ferric and ferrous salts are yellow precipitates, 
sparingly soluble in water. (Herzog.) 

Cinnamate of Lead ^ C**H'^Pb"0*. — Granular crystalline powder, anhydrous and in- 
soluble in water (Herzog). Sometimes obtained in laminae flattened or elongated 
inbrj needles, and in small hard rounded grains (E. Kopp). Alcohol extracts a portion 
of the cinnamic acid, leaving a basic salt. 

Cinnamate of Sdagnesium, C‘*H'*AIg"0^ *1 Saq., ciystallised in tho cold, forms small 
white needles, which quickly become opaque on being exposed to the air. Froni a 
. boiling solution it separates in tufts of shining needles, formed by the suporpcjsition 
of elongaled laminae, very thin, and of nacreous aspect. It melts at 200^ C. and be- 
comes anhydrous. 

Manganous Cinnamate, C‘*H‘^Mn"0* -t 2aq. — Yellowish-white crystalline precipi- 
tate, which dissolves in boiling water acidulated with acetic acid, and separates there- 
from in shining yellowish laminae, superptfsed on one another. (K. ^opp.) 

JUrcuruus Cinnamate.— VihxXe curdy prccinitute. 

Cinnamate ofNickeL — Green precipitate soluble in alcohol. 

CinnamaU of Potassium, 2C*irKO* + aq.— Crystals belonging to the monoclinic 
^stem, giving off their water at 120°C, and decrepitating when strongly and suddenly 
heated. It is very soluble in water, but less so than the benzoate ; moderately soluble 
in alcohol (Herzog). From a rather strong boiling solution containing excess of canstic 
potash, it (oystaUises readily in nacreous needles, which are anhydrous, (R Kopp.) 

When cunamic acid is dissolv^ in a hot solution of cinnamate of potassium, a 
Aparingly soluble add salt is deposited on cooling. (H erzog.) 

CinnamaU of Silver, C*H’AgO*. — ^White curdy precipitate, becoming crystalJino 
after a while ; not much altered by light. It is insoluble^ in boiling water, but dis- 
solves slightly in the liquid from which it has been precipitated (Hersog^. White 
precipitate, or silky nacreous needlM composed of small elongated laminm, often 
bifiucated. (£. Kopp.) 
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• (XnnamaU of Boditm^ 20*H’Na0* aq. — ^Omtahi wiA dull soifiicei, which gjye off 
their water at 110® C. (Hersog). The anhydrona salt, C^BWaO^-f 2aq., crystallises 
in enuta Bttmioiinted with tufts of small needles, or in compact n^dies. From a 
eolation in weak caustic soda^ it crystallises in heautifiil needles containing } at. water 
of crystallisation. In strong caustic soda, it dissolves but spsringly at common tempe- 
iatures, separating in hard, yellowish, radiated, anhydrous spheres. (E. Kopp.) 

Cinnamate of Strontkmt W'O* + 4aq,, when rccentiy crystalJiseii, forms white, 
nacreous, nearly opaque needles, composed of very small prisms. It is much mrire 
BolUhle in hot than in cold water ; gives off 1 at water when exposed to dry air, and 
the rest at 140® C. (E. Kopp.) 

CinndmaU of Tin. — The stannic salt is a white precipitate. (Herzog.)^ 

Qinnamgjte of TJranyl . — ^Yellow precipitate, sparingly soluble in Tailing water. 
(Herzog.) 

dnnamate of Zinc. — Cinnamic acid dissolves zinc at the boiling heat, with evolution 
of hydrogen. The salt is moderately soluble, and crystallises by eva^ration (Her- 
20 g). — 0^*H*^Zn"O* + 2aq. "White precipitate, which dissolves in boiling water, ami 
crystallises therefrom in shining, transparent, prismatic needles, sometimes gruupt^l 
like Tuusbrooms. (B. Kopp.) 

OiNNAXio Ethers. Ay/, C**H*®0®a*C®H’(C*H*)0*. (Her- 

zog, Arch. Pharm. [2] xvii. 72, — Mar chan d, Ann. Ch. Pharm. xzxiL 270. — E. Kopp. 
J.pr.Phann. [3] xi. 72.— Plan tam our, Ann. Ch. Pharm. xxx. 346).-* This compound 
ia easily obtained by distilling a mixture of 4 pts. absolute alcohol, 2 pts. cinnamic 
acid, and 1 pt. sulphuric acid, cohobating the product several times, agitating with water 
the oil which remains in tlie retort, and rectifying over massicot. It is a limpid 
liquid, of specific gravity 1*3, boiling at 262® C, (Herzog); at 266®, when the cor- 
rection is made for the column of mercury projecting above the retort (H. Kopp). 
Vapour-density = 6*537 at 291® C. (by calculation for 2 voL « 6*101). 

C^namate of ethyl is nearly insoluble in water, but dissolves readily in alcohol and 
in ether. It is scarcely attacked by fuming nitric acid. Alkaline hydrates easily eon- 
'vmt it into alcohol ana a ciiinamate of the alkali-metal. 

dnnamate of Methyl, C‘>H'(CH*)0* (E. Kopp, Compt. rend. xxi. 

1376).— Obtained by saturating a mixture of cinnamic acid and wood-spirit with hy- 
drochloric acid gas at a gentle heat, precipitating the product with water, then drying 
and rectifying. It is a colourless, oily Hquid, having an agreeable aromatic odour. 
Specific gravity 1*106. Boiling point 241® C. 

Cinnamate of Benzyl, or Cinnamdn (p. 982). 

Cinnamate of Ginny I, ^ C®H^O(C^IP)0. Cinnamylstyronf, Styraein. 

(Bonastre, J. Pharm. June, 1831, p. 338. — E. Simon, Ann. Ch. Pharm, zxxi. 366.— 
E. Kopp, Compt. chim. 1860, p. 140. — ^Toel, Ann. Ch. Pharm. Ixx. 1. — Strecker, 
ibid. Ixx. 40; Ixxiv. 112. — Plantamour, ibid, xxvii. 239; xxx. 341 — Gossmann, 
ihid. xcix, 376. — Scharling, ibid, xcvii. 90, 174.— Gm. xiii 286. — Gerh, iii, 403.)— 
This compound, which bears to cinnylic alcohol or styrone (p. 992) the same relation 
that acetate of ethyl bears to common alcohol, is contained in liquid storax (p. 497), 
together with cinnamic acid, styrol, and several resins ; also in balsam of Peru, 

Preparation from Storax, — 1. The balsam is distilled with water to expel the styrol, 
and then boiled with aqueous carbonate of sodium, which extracts the free cinnamic acid. 
Thd residue thus obtained is a resinous spongy mass, which contains oily styraein in its 
pores, and when kneaded with the fingers becomes more and more compact, while the 
oily styraein runs out. — 2. Toel dries the resinous cake which remains after boiling the 
liquid storax wi^ carbonate of sodium, after it has been freed from the solution of 
ciiinamate of sodium ; macerates it repeatedly with cold alcohol, which extracts the co- 
louring resin, and leaves most of the styraein but little coloured ; and obtains th'e 
atyrac^ quite pure by repeated (^stallisation from ether-oloohoL — 3. Wolff allows the 
resinous cake to stand for some time in cold alcohol, when it soon becomes crystalline ; 
frees the crystals from resin by dissolving them in boili^ alcohol, and precipitating 
the resin with acetate of lead ; and frequently reciystaUJses, first from ether-alcohol, 
then from ether. — 4. After distilling Hquid storax with water, and repeatedly boiling 
the residue with carbonate of sodium, the undissolved portion u^i^wly aBowed to 
cool to 30® — 40® : the mass then becomes tough and spongy, aa|(4t y^allow oil collects 
in its pores. This oil made to run out by kneading am pressiw and then filtered, 
solidifies after some time into a mystalliue mass, wmch is pariflea by rsaystallisatton 
from alcohol The residual mass still contains much styraein, and is thermre wotl^ 
up fbr styrone (R Kopp).— 6. The residue left after distilling U^aid storax with 
s^arates when repeatedly boiled with carbonate of sodium, into a soHd, datk 
resin, and liquid styracm. The hitter is poured transfemd to a flask, which v( 
placed iu an oil-bath at thp temperature of 180® 0., and distill^ by passing steam^ 
heated to 160^ through It; it then passes over as a white milky oil, wnicb, when freed 
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fh>ni water, aolMiflea on standing in open vessels, to a ^ntly oolonred ciystalliiis mast, 
which maybe reerystnllised fiom alcohol (S char ling). — 8. Liquid stonuc is maos* 
rated or digest^ at a temperature not exceeding 30® C. with 6 to 6 pts. of dUute soda- 
ley, till Uio residue becomes colourless ; this residue is collected, wi^ed, dried and 
dissolved in alcohol containing ether ; and from the solution, which, if not colourless, 
is to be rendered so by treatment with animal charcoal, pure styracin crystallises out* 
(Gossmann.) ^ , 

Properties. — Cinnamate of cmnyl,or styracin, crystallises in tufts of beautiful prisms^ 
destitute of taste and odour, insoluble in water, sparingly soluble in cold alcoh^ very 
soluble in ether. It melts at 44® O. ^Xoel, Scharling), at 88® (E. Kopp), and re- 
mains liquid and viscous for a long time after cooling. It distils without oecomposi- 
tion in steam heated to 180® C. (Scharling.) 

In treating storax as above des^i^d, styracin is sometimes obtained in a liquid, 
nncrystallisable state, especially if it has been left too long in contact with acios to 
free it fiom the last traces of soda. 

Decompositions, — Styracin in contact with caustic alkalis solidifies to a mass of 
agglomerated granules. When distilled with potash, especially with strong alcoholic 
potash, it is decomposed like other compound ethers, yielding cinnylic alcohol (styrone) 
and cinnamate of potassium : 


C»H»0 
C*H» ^ 
Gitinanirtte 
of cinnyl. 


o^io-T 

Cinnylic 
alconoL 




H 

Cinnamic 

acid. 


Heated with nitric acid it yields hydride of benzoyl, hydrocyanic acid, benzoic acid, 
and nitrobenzoic acid. With chromic acid^ it yields hydride of benzoyl, benzoic aci^ 
and a resin. With a mixture of eidpkuric acid and peroxide of manganese^ it yields 
hydride of benzoyL With strong svJphuric acid, it yields cinnamic acid and a brown 
substance, soluble in water, insoluble in saline solutions. 


Substitution^dcrivatives of Cinnamic Acid, 

Bromocxnnamio Acid. C*H'BrO^ — This acid is obtained by passing bromine 
vapour in excess over cinnamate of silver, treating the decomposed salt with ether, 
and evaporating the filtered solution. A thick oil then remains, which dissolves par- 
tially in potash, and the alkaline solution decomx>osed by hydrochloric acid deposits 
crystals of bromocinnamic acid. The portion of tlie oil insoluble in potash is probably 
a bromide of carbon. 

Bromocinnamic acid decomposes partially when dissolved in water and evaporated. 
It forms easily soluble salts with all bases, and does not precipitate nitrate of silver. 
(Herzog.) 

CHnoROczNNAMio AoiD. C^H’CIO*. (E. Kopp, J. Pharm. [3] xvi. 426. — Toel, 
Ann. Ch. Pharm. Ixx. 7.) — Obtained : 1. By passing chlorine into a cold solution of 
cinnamic acid in concentrated carbonate of sodium (Kopp). — 2. By the action of alco- 
holic potash on an alcoholic solution of chlorostyracin, a chlorinuted oil and chloride of 
potassium being formed at the same time. The mixture soon solidifies to a pulp, 
which is washed with alcohol, pressed, dissolved in a small quantity of laiiling alcohol, 
and mixed with excess of hydrochloric acicL Chloroeinnamic acid then crystallisep 
out on cooling, and may be purified by recrystallisation. 

The acid metallises in long shining odourh^ needles, melting at 132® C., and sub- 
liming at a hi^er temperature. Its vapour excites cr>ughing. It is sparingly soluble 
in cold water, melts in boiling water, dissolves easily in alcohol and ether. 

Chlorocinnamate of Ammonium, 2C*H*C1(NH*)0* + aq., forms curved arborcs- 
<^ont needlea. The potassium-salt forms lustrous pearly flukes, Tjie barium-salt, 
2C*H*ClBaO* + aq., is precipitated as a white powder, soluble in boiling water, and 
cryst allisin g thereftom in shining laminse. The calcium-salt is sparingly soluble, and 
resembles tile bariam-salt. The silver-salt, C'H^ClAgO*, is obtained by precipitation 
from hot solutions, in slender needles which blacken on exposure to lij^bt. 

Chlorocinnamate of Cinnyl or Chlorostyracin. C**H**C1^0''*.*— Clilorine converts mAj- 
radn into a viscid tBritetance. having an acrid taste and an odour like that of copaiba 
balsam. It is inaMK^iii water, soluble in boiling alcohol and ether, whenm it sepM 
rates in the amorphous State. It is decomposed by potash, yielding a chlorinated oil, 
chlorociniiainato of potassium, and c1ilori<m of potassium. I>i8tilled in a current of 
chlorine, it forms a volatile chlorinated liquid and a ciystallisable chlorinated acid, the 
■alts of whirii alao cfystaUise readily. (£. Kopp.) 

NxTKocznirAirzc Acid. C*H»(N0*)0» (Mitscherlich, Ann. Cb. Phys. [3] iv. 
73,— -EL Kopp, Compt. cbim. 1849, p. 146 ; Compt. reoA liii 684. — J. Wolf^ Ann. Ch. 
Pharm. Ixxr. 303.)— This acid is produced by the action of steong nitric acid on cin- 
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namic acid (Mitsclierlichf Kopp), or by heating styrone with nitric acid, to which 
urea is added to prevent formation of nitrous acid (Wolff). To prepare it, concen 
tmted nitric add is freed from nitrous acid by boiling, and after cooling, about one 
eighth of dnnamic acid is added. The cinnamic acid dissolves in a few minutes without 
disengagement of gas, the liquid becomes heated to 40^ C., and a mass of crystuls is 
deposited. In order to obtain larger quantities, cinnamic acid ia triturated with nitric 
a^d and cooled, so that the temperature may not rise above 60® ; tlie mass is washed 
with cold water, till all nitric add is removed, then dissolved in boiling alcohol and 
filtered; and the resulting ctystals are washed with cold alcoW (Mitscherlich) 
Kopp ^solves 1 pt of powdered cinnamic add in 3 pts. of monohydrat^ nitric acid 
freed from nitrons add by passing a dry stream of air thro^h it, the mixture then so. 
lidifying almost immediately, in consequence of the crystallisation of the nitrocinnamic 
acid ; washes the magma with water ; then dries, and sets it aside for twenty-four houw 
with 4 pts. of cold alcohol, which removes any benzoic acid that may be present 
The add forms very small white crystals, with a faint yellowish tint It melts at 
about 270® C., and solidifies toamass of crystals on cooling; boils a little above 270®, with 
decomposition. It is nearly insoluble in cold water, and dissolves but sparingly in boil- 
ing water ; 1 pt of it dissolves in 327 pts. of absolute alcohol at 20® 0. Boiling hydro- 
chloric acid dissolves it without decomposition (Mitscherlich.) With stdpkide of 
ammonium it forms carbostyril. When it is dissolved in alcoholic sulphide of ammo- 
nium, sulphurseparatesongeutly warming the liquid, while a yellow resin and an alka- 
loid remain dissolved. Nitrocinnamic acid may be boiled with excess of alkali without 
decomposition. 

Nitrocinnamic acid is but a feeble acid; nevertheless it forme neutral salts, and 
decomposes alkaline carbonates. The nitrocinnamates of the alkali-metals are very 
soluble, the rest are insoluble or sparingly soluble; they deflagrate when quickly 
heated, especially the potassium- and sodium-salts. 

• Nitrocinnamate of Ammonium gives off its ainmonia when evaporated to dryness; its 
EKilution precipitates the salts of calcium, strontium, and magnesium when they are 
concentrated, but not when they are dilute. 

^itrocinnamatA of Barium^ C**II‘*(NO*)’*'Ba"0^ + 3aq., crystallises from a boiling 
solution on cooling, in stellate groups of yellowish needles. The atrontivm-mlU 
C''*II'''^(N0*)’*Sr"0* + 6aq., may be obtained in small yellowish crystals grouped in 
nodules • it is moderately soluble in cold water. T\\Q'calcinm-saH^ 
f 3aq., forms small yellowish white agglomerated grains having a crystalline aspect. 
The magnesium-salt^ C'"Il*‘^(NO’‘*)'^Mg"0* + 6aq,, crystallises in yellowish whita 
nodules, which dissolve with tolerable facility in water, especially if warm. 

Nitrocinnamate of Copper. — Bluish-white precipitate, which becomes darker wlicn 
air-dried. When mixed with sand and distilled, it yields benzoic acid, nitrocinnamene 
having the odour of oil of cinnamon, and u small quantity of nitre^honzene. 

Mercuric Nitrocinnamate ^ C**H**{NO*)*Hg"0*, is thrown down from boiling solutions 
of mercuric chloride and an alkaline nitrocinnamate, as a brownish anhydrous precipi- 
tate. The mother-liquors deposit on cooling a crystalline mass of very light bulky 
arlmrescent tuft^, consisting of the double salt, Hg'XJl*.C**H**(NO*)*Hg"6^ + 3aq. 
Nitrocinnamate of Potassium. C*H^(NO*)KO*. — Verx ^uble ; cry^^lises inmamel- 
, lated groups by spontaneous evaporation. From 8oluHo^’**!n l^iluig alkaline ley, it 
.ipystallises in prismatic needles. The sodmm-saH resetrubli^ the potassium-salt 

Nitrocinnamate of Silver. C*H®(NO*)AgO*. — Yellowish white insoluble precipitate, 
which, when cautiously heated, decomposes with projection of the silvei^^ 

Nitbocinnamio Etkebs. — The ethgl-compoundj C"H“NO® — C*H*(NO*)(C*H*)0®, is 
formed by heating nitrocinnamic acid with alcohol and sulphuric acid (Mitscherlich, 
J. pr. Chem. xxii. 1 94), or by the action of strong nitric acid on cinnamate of ethyl 
(E. Kopp, Compt rend. xxiv. 616). It crystallises in prisms, which melt at 136® C. ; 
boils with decomposition at 300®. Potash at the boiling heat converts it into alcohol 
and nitrocinnamate of potassium. 

Nitrocinnamate of Methyl. C'«H»NO® - (?H®(NO*)(CH»10*. (R Kopp, Compt. 
mid. liiL 636.) — Obtained by heating nitrocinnamic acid with methylic alcohol, mixed 
with a small quantity of sulphuric acid or saturated with hydrofl^ric acid gas. The 
mixture diickens at first, then liquefies again, and finally a broriwSquid is obtained, 
^m which the ether separates as a ciystalline m^, which may be purified by pres- 
sure and recrystallisation from alcohol. It forms white, delicate, rather elongated 
ne^es, sparingly soluble in cold alcohol and ether, and havi^ but little odour; melts 
a^61® C. to a colourless liquid, which solidifies in a ciystalline mass on cooling. At 
about 200® O. it bwina to sublime in indecent ciystalline plates, and at 200® it boils. 
It disBolves in alconolic snlphjdrate of ammonium, forming a red liquid, which after- 
wards tuzDS bxovD, and when heated yields an abundant ciystalUsation of snlphur. 



CXKNAMIC ALCOHOL— CINNAMON, OIL OF. 9^ 


onriMMIO A&OOBO&. See CnmYuc Aixohol. 
cnntAMXO AWaBTBB. See CiNNAJCTL, Htdsidb or. 

CUrWAlWIO AWBTl>wn>». — (C*ir0)*.0. dnnamateoJCfinnam^L 

Cinnamic Cinnamate, Anhydrcuc Cinnamic Add. (Gerhardt, Ann. Ch. Phya. fs] 
y|Bvii. 285.) — Produced by the action of oxychloride of phosphorus on well dried cin- 
oamate of sodium, the best proportions being 1 pt. of the former to 6 pta. of the latter. 
The product is washed with water and carbonate of sodium, then dried and dissolved 
in boiling alcohoL It may also be obtained by the action of chloride of cinnamyl on 
neutral oxalate of potassium. It crystallises from the alcoholic solution as a white 
cxystalline siilbstance, composed of microscopic needles. It is insoluble in cold alcohol, 
and dissolves but slightly even in boiling water, becoming acid at the same time. It 
melts at 127® C. 

AoBTO-oiNHAMio Anhydridb. C®H*O.C*H^O.O. See Acbtio Anhydbidb (p. 21). 

Bbwbo-cinnajiic ANHTDMDfi. C’H*0.C®H’0.0. See Benzoic Anhydbidb (p. 658), 

Nitbocinnahic Anhydride. C'®H‘W0’ — [C*H<(N0*)0]».0. (Chiosza, Ann. 
Ch. Phys. [2] xxxix. 231. — Gerh. iii. 388.) — Produced b^ the Action of oxyehlaride 
of phosphorus on nitrocinnamate of pota.ssium. It melts in boiling water more easily 
than nitrocinnamic acid, forming a yellow kneadablc resin. It easily takes up water, 
and is converted into nitrocinnamic acid. With ammonia, it ojiaily forms nitrocinna- 
mide and nitrocinnamate of ammonium. With alcohol, it forms nitrocinnamate of ethyl. 
It is sparingly soluble in ether. 

CZnnrA.3MtZC BTBBRS. See page 986. 

CZir JTikllZZOB. C'H’NO « Chloride of cinnamyl treated with diy 

ammonia, yields sal-ammoniac, together with a white substance which dissolves in 
boiling alcohol, and separates in delicate needles in cooling. (Cuhours.) 

Nitrocinnamide. C^H^N^O' = KH^.C^IPCNGOO. (Cahonrs, Ann. Ch. Phys. [3] 
xxvii. 452.)— Prepared : 1. I3y the action of acpicous nnirnonia on the product ob- 
tained by treating nitrocinnamate of potassium with oxychloride of phosphorus. After 
an hour’s digestion at a gentle heat, the reaction is complet-e, and the nitrocinnamic 
anhydride is completely transformed into nitrocinnamide and nitrocinnamate of am- 
monium, which remains in solution. The nitrocinnamide is colloctcd on a Alter and. 
purified by crystallisation from boiling water. — 2. By the action of alcoholic ammonia 
on nitrocinnamate of ethyl ; this process, however, takes u Jong time, and roquiros a 
large quantity 6f alcohoL 

Nitrocinnamide separates from solution in boiling water in shortened, lustrous 
needles, sometimes in grains and laminae having the ap|a»arari<to of Aies’ wings. It 
melts and turns brown between 166° and 160 C., and decomposes completely at 200°. 
It dissolves sparingly in cold alcohol, moderately in etlu'r, and sepurales from solution 
in boiling alcohol in small, vciy regular, hemispherical concretions, smooth in the 
upper, and nodular in the lower part. It dissolves in caustic potash, producing ‘a red 
solution, without evolution of ammonhi. 

Phenyl-Cinnamide. Cinnaniiidc, N.II.C"H*.C"irO. (C a hours, Ann. Ch. Phys. 
[3] xxiii. 344.) — Produced by the action of pheiiyJamino on chloride of cinnamyl. 
It dissolves ensil^^ii hot and separates in slender needles on cooling. It melts 

at a gentle hea^ and dist^s completely at a liigher teniperatnre, Potasli-solutioi^.,' 
scarcely sttacks it, even '^tb aid of heat; but wJjen fused with hydrate of potassium/ 
it gives off phepylamine. 

NiTRANisYXi-CnrNAMiDE. Cinnitramsidme. C‘®n'^N'‘'0* »» N.ir.C'H®(N0*)O.C*H’O. 
— Produced by the action of chloride of cinnamyl on iiitranisidine (p, 304). Yellowish 
needles, sparingly soluble in cold, more soluble in boiling alcohoL (Ca hours.) 

OZmrBBZBlBB. Syn. with Prsnyi^-Cinnakidb (vid. sup,) , 


l>n A compound produced by the 

action of ammonia on hydride of cinnamyl. It is analogiius to nydrobonzumide, 
C°H**N*, and is therefore more properly called hydrocin namido {q. t*.) 

OIBWABZOBi OZli OW 9 and OZB OZ* CA80ZA.* These oils, whidi are nearly 
identical in. composition, are obtained from the bark of diAferent trees cf the genus 
Cinnamoniimf osSidiLauracimf viz. oil of cinnamon from Ceylon cinnamon,* CVn«a»io- 
fnum Zsyi.anieum;taiA oil of cassia, from the bark of Chinese cinnamon, Cinnamomum 
aromadettm, or fW>m cassia buds^ the undeveloped fiowers of Cinnarnemum Jjauresii 
(Nee s). The oils are prepared by softening the bruised bark or flowers with salt water, 
dist illing quickly, and drying with chloride of calcium. Oil of cinnamon has a more 
agreeabU odour than oil of cassia, and is therefore more esteemed. 

Both oils consist mainly of cinnamic aldehyde, which may be separated by mcm 

ofan amd snlphite of alkali-metal (p. 991); also a hyd^r^n, not yet examined, in 
VBrialde^ but ^ways very small quantity, together with cimiamic acid, and resins* 
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Old samples often deposit crystals of cinnamic acid. The density of the oils Taries from 
1*025 to 1*05 ; their boiling TOmt from 220^ to 225^ C. 

Benns from Oinnamon~ou , — Old samples ^ the oil are more or less coloured and 
charged with resinous matters, which remain, after the oil has been distilled with aalt 
water, the residue treated with cold water, to extract the salt, and afterwards with 
boiling water, to eixtract cinnamic add. According to Mulder (Ann. Ch. Pham. 
jacjdv* 149), tiiere are two resins formed in the oil by atmospheric oxidation ; one, a, 
soluble in cold alcohol, melting at 60^ and containing 78*33 per cent, carbon, 6*49 
hydrogen,: and 15*18 oxyp^n ; the other, A sparingly soluble only in hot alcohol, melt- 
ing at 145®, and containing 83*46 per cent. C, 6*06 H, and 10*49 O, 

Mulder likewise describes severiu other resins, some soluble, others insoluble in al- 
cohol, produced by treating oil of cinnamon with sulphuric acid, hydrochloric acid, aiui 
ammonia : they have all nearly the same composition as the ^-resin, produced by at- 
mospheric oxidation. (Gm. xiiL 264.) 

OXanr JLBKOir-STOm. A variety of garnet (^. v.) 

cnnr AXVX. G*H*0. — The monatomic radicle of cinnamic acid and its deriva 
tives. The following is a list of its compounds, and of those of the derived radicles 
ehloEOcinnamyl, &c. 

Ji/pe HH: 

Chloride of Oinnamyl . . . . , . . . OH^O.Cl 

Cyanide of Cinnamyl . C*H^O.(> 

Hydride of Cinnamyl ; Cfinnamio Aldehyde . . . . 

Hydride of Tetrachlorocinnamyl : Chlorocinnose . . C*H*Cl*O.H 

Type HHO ; 

Hydrate of Oinnamyl : Cinnaime Acid . . . C*H’O.H.O 

Hydrate of Bromocinnamyl : Bromocinnamic Acid . C*H®BrO.H.O 

Hydrate of Chlorocinnamyl : Chlorocinnamie Acid . C®H®C10.H.0 

Hydrate of Nitrocinnamyl : NUrodnnamic Acid . C®H“(NO*)O.H.O 

Oxide of Cinnamyl : Cinnamic Anhydride .... (C*H^O)*0 

Oxide of Cinnamyl and Acetyl : Aceto^innamio Anhy- 
dride C»H^0.C*H»0.0 

Oxide of Cinnamyl and Benzoyl iBenzo-cinnnmic Anhy- 
dride C»H’O.C^H»0.O 

Oxide of Nitrocinnamyl : Nitroeinnamic Anhydride . [C*H®(N0*)0]*0 


TSfpe NH*; 

Cinnamide ..... 
Phenyl-cinnamide : Cinnanilide . 
Nitranisyl-cinnamide ; Cinnitranieidine 


N.H-.OH’O 
N.H.C®H»C®H»0 
N.H. C’H®(NO*)O.C®H’0 


The compounds of cinnamyl are intimately related to those of benzoyl, C’H*0, and 
are easily converted by oxidising reagents into hydride of benzoyl and benzoic acid. 
Cinnamic acid heated with excess of hydrate of potassium, is resolved, with evolution 
od hydrogen, into acetic and benzoic acids (p. 984). 

OXWirjLlIKYXif OK&ORX3>B 01>. C*H^O.CL (Cahours, Ann. Oh. Phys. [ 3 ] 
«iii. 341. — B^champ, Compt, rend, xlii 224.) — This compound is produced by the 
jMStion of trichloride or pentachloride of phosphorus on cinnamic acid. When the 
pentachloride is used, the product is distilled, the portions which pass over between 
250® and 265® 0. being collected apart and rectified (Cahours). With the trichlo- 
ride, the mixture must be heated to between 60® and 120® C., as long as hydrochloric 
acid continues to escape. It then melts and forms two layers, the upper of which, 
consisting of chloride of cinnamyl, is decanted and distilled. (B 4 c h amp.) 

Chloride of cinnamyl is a heavy oil, of specific gravi^ 1*207, boiling at 262® C. In 
a moist atmosphere it decomposes quickly, yielding hydrochloric acid and fine ctystali 
of cinnamic amd. In contact with alcohol, it becomes strongly heated, and if water 
be then poured upon the mixture, cinnamste of ethyl separates as a heavy oiL With 
ammonia and phenylamine, it yields ^namide and phenyl cinnamide respectively. 
Heated with cinnamate of sodium, it yields cinnamic anhydinde. * 

omAMm* erSAJma OV. C^H^NO — C^H'O.Cy. (Oahoura^ loe, cii.) 
—Produced by distilling chloride of cmnamyl with ^anide of potasaiom or cyanide 
of mereuiT. A liquid uien passes over, wmch rapidly toms brown when enosed to 
the air, yiriding hydrocyanic and cinnamic acida Iti&ill contains chlorine^ but eon* 
siats for the most part of cyanide of cinnamyl 

OZMITAWmbt XTliBllsa 03P* 0®H*0 C*H'0.H. Cinnamic Aldehyde, 

(Dumas and P^ligol^ Ann. Ch. Phya. IviL 805.«— Mulder, Ann. Ch. Phurm. xxxiv. 
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CaKNAMYL I HYDRIDE. 

l 47 .^Bertaffnini, Ixzzv. 272, — Qm, xni. 258. — Gerh. iii 373.)— This com- 

poiind fbms wo osooBtud cumamon or oil of ciusiai and may bo oopo" 

YSiUd thorefrom by the action either of nitric acid or of the acid aulphiteo of Sm 
ffiwK -metrio. 

a, "^en eommeteial oil of Mnnamon is shaken ap with stiong nitric acid, largo 
ciystab are formed, after t^^ or three hours, eonsistiug of a compound of nitric acid 
with cinnamic aldeh^e, whichi when collected on a filter, so as to allow the still liquid 
portion to drain off, and then decomposed by water, yields pure cinnamic aldehyde. 

(Dumas and P51i got.) 

5. Oil of cinnamon is agitated with three or four times its volume of a solution of 
acid sulphite of potassium of 28® — 30® Bm ; and the crystalline mass, which forms in a 
few minutes, is separated from the mpthci>liquor, left to dry on a filter, then pulverised, 
washed with cola alcohol, again dried, and dissolved at a gentle heat in dilute sul- 
phuric acid. A large quantity of sulphurous acid is then given off, and the cinnamic 
aldehyde rises to the surfiice as an oil, which may bo purified hy washing and drying. 

Cinnamic aldehyde is a colourless oil rather heavier than water. It may be distilled 
without decomposition, either in vacuo, or with water whicli has been freed ftom air by 
boiling. When exposed to the c/r, it quickly becomes yellow and resinous, and ac- 
quires an acid reaction. It rapidly absorbs oxygen gas, especially if moist, and is 
hereby converted into cinnamic acid. Heated with nitric acid^ it forms bensoic acid 
and hydride of benzoyl. Chromic acid converts it into benzoic and acetic acids 
(Persoz). Boiled with solution of hypothiorite of calciumy it yields benzoate of 
calcium. Strong AvJphuric add converts it into a resinous mass. 

Cinnamic aldehyde gi'adually lieafed in ii stream of chhrhie, forms at first a liquid 
compound, which solidifies when treated with a strong solution of potash. When dis- 
tilled four or five times in a stream of chlorine, it is converted into tctraohlorocinnamyl. 
With pentachtoride of phosphorus^ it yields hydrochloric acid and chloride of cinnamyl. 
Fused with hydrate of potassium^ it forms ciiinamato of potassium, with evolution of 
hydrogen : 

C»H*0 + KHO - O*H’K0* H* 

Amwonia-yas converts it into cinnhydramide : 

aC^H^O + 2NH* C«H«N» + 3IP0. 


Compounds of Cinnamic Aldehyde, 

a. With Hydrochloric Acid. — Oil of cinnamon absorbs a large quantity of hydro- 
chloric acid gas, acquiring a green colour and becoming thicker. 100 pts. of the oil 
take up 26*9 pts. of hydrochloric acid. 

h. With Iodine and Iodide of Potassium. — When cinnamon-water is placed in cob- 
tnet with iodine and iodide of potassium and cooled to 0® C., a cry stall isable compound, 
C^H^O-P-KI, is formed. It crystallises from alcohol ttn<l ether, but wahT decomposes 
it^ setting free the cinnamic aldehyde. An excess of iodide of potassium prevents the 
decon^sition. (Apjohn, Ann. Ch. Pharm. xxviii. 314.) 

c. With Nitric Acid, CHPO.HNO*. — Protiuced when strong nitric acid is left in 
contact with cinnamic aldehyde. It forms oblique, rhomboidal prisms, often two or 
three inches long. After being drained, tliey may bo preserved for some hours, but 
the least rise of temperature or atmospheric humidity quickly docomposos them. When 
treated with water, they yield pure cinnamic aldcliydo. 

Nitrate of cinnamic aldehyde kept in an impcrft*ctly closed vessel, yields after a few- 
days a red liquid, which has the characteristic odour of bitter-almond oil, is converted 
by ammonia-^as into nitrate of ammonium and a red resin ; and is dissolved hy strong 
s^phuric acid, the solution yielding with water a precipitate of cinnamic acid. 

A With Acid Sulphites of AfkaU-rrutals. — Cinnamic aldehyde difisolves easily in 
aqueous acid sulphite of ammonium, forming an oily liquid, which afterwanls solidifies 
to a crystalline pulp. Oil of cassia shaken up with a stroi^ solution of acid sulphite of 
ammonium soon solidifies to a yellow crystalline mass, which may be purified from the 
hydrocarbon and other substances which the oil contains, in addition to cinnamic a1« 
^hyde, by washing with alcohol of 80 or 90 per cent, (Goss m an n). The compound 
is very unstable, quickly turning brown, even when kept in closed vessels. 

2Hie potassiwm»$aIt is obtained by agitating oil of Ceylon or Chinese cinnamon with 
three or four times its volume of a solution of acid sulphite of potassium of 28® to 
30® Bm. ; after washing with alcohol and recrystallisation from boiling alcohol, it 
fonns ham ut U hl sUvexy plates nearly inodorous and permanent in toe air. It is soluble 
in cold water, but the solution is cusromposed by heat, giving off sulpfanrons arid and 
yielding colourless drt^ of hinnamic aldehyde. Heated in a tes^tube, it gives off 
snlphuroua arid, and rinnamic aldehyde, which, by contact with the air, is con* 
verted into rinnamic arid. Bromine and iodine dissolve in the aqueous solution with* 



out (flooring it, hut^nrerting the smpburoiw mlphunc said, and aatthui 

the cinnamic aldabyd^ 3roimW in exceaa produbec a solid, sligbtly aromatic 
0ta2Hmfbaim4ahotwa^r. 

JSddium-aeM-^OU of cinnamon mixed with sobMon of add sniphite df sodium of 
870 Sm. forma a crystalline hbrous subst^ce, whichi if leilt, to itself/soon becomes com- 
it the same time there is '’formed an oil ia hot solidified^ either hy 


pletclj liquid; at 1 

acid sulphites of allcali-metal or by nitric acid, Ihe sulpiite of cinnamyl-sodiiim apiui- 
rently remaining dissolTed. The liquid, if left to evaporate, yi^ds c^stals of sulphdte 
of somum, together with opaque crystaliine nodules, which dissolve in boiling alcohol, 
forming a solution which on cooling deposits long thin needles arranged in spiru! 
groups. (Bertagnini.) 


HTnitiDB or TBTKACHLOBOciXNAXTn. ChloTodfinoae, C*H*C1^0.H. (Dumas 
and P^ligot, Ann. Ch. Phys Ivii. 316,) — By repeatedly distilling hydrate of cinnamyl 
in chlorine gas, this compound is obtained in long white very volatile needles. It melts 
at a gentie neat and sublimes without decomposition. It is soluble in alcohol It is 
not <^omposed by strong sulphuric acid, even at the boiling heat, and may be vola- 
tilised without alteration in a current of dry ammonia. 

The formation of this substance is preceded by that of several liquid compounds, one 
of which, perhaps hydride of monochlorocinnam^, solidifies in contact with potash-ley. 

cmrwXia G*H^ — The radicle of the compound usually called cinnamic alcoliol 
or styrene, Cinnyl bears to cinnamyl, GPH’O, the radicle of cinnamic acid, the same 
relation that ethyl, C-'H®, bears to acetyl, C*H*0. 

CmrYUC iiZiCOBO&. C»H‘»0 r= C»H:®H.6. Hydrate of Cinnyl, Cinnamic 
Alcohol, Styrone, Btyracone, Btyrax-Aleohol, Styrylic Alcohol, Peruvin, (E. Simon. 
Ann. Ch. Phann, xxxi. 274. — Toel, ibid,huL, 3. — Strecker, Ixx. 10. — J. Wolff, 

ibid. Ixxxv. 299. — E. Kopp, Compt. chim. 1850, p. 113. — Bcharling, Ann. Ch. Pliarm. 
cxv. 90, 183. — Gm. xiii. 266. — Gerh. iii. 402.) — This compound is obtained by cau- 
tiously distilling styracin with a strong solution of caustic potash or soda. A milky 
liquid then passes over, from which, when saturated with common salt, a creamy sub- 
stance separates, gradually collecting on the sur&ce in an oily layer and solidifying 
(Toel). Wolff dissolves stymein in boiling alcoholic potash ; mixes water with tho 
liquid ; filters from cinnamate of potassium ; iind separates the precipitated cinnamic 
alcohol from undecomposed styracin by distillation. 

Cinnylic alcohol forms beautiful soft silky needles, having a sweet taste and an 
agreeable odour of hyacinths. It melts at 33° C., and volatilises without alteration at 
a higher temperature. It is moderately soluble in water, very soluble in alcohol, in ether, 
in styrol, and in oils, both fixed and volatile. When the aqueous solution saturated at 
the filing heat is left to cool, it becomes milky, and does not clarify for several hoars, 
when it becomes filled with needle-shaped cry'stals. " , 4 .f 

OZFOXiZiro« A white marble with shadings or zones of green ti^c, finmd in Italy. 
CZSSJLXIKPB&Zir3B. Syn. with Pblosusii: {q, v,) 


CXTBACOWAlimBB and CZTXilLCOirAan£t2>||il/ Seq Amidbs of Ci- 

TAACONXO Acn> (p. 993). 

CZTSULCOBZC ACZn. ^Tocitric Add, (XiMglign e [18Sk8}« Ann. 

Ch. Phys.xxi. 100. — Dumas, idd. cxi. 21. — Robiquet, ibid, Ixv. 78. — Liellig, Ann. 
Ch. Pbarm. xxvi. 119, 162. — Crasso, ihid, xxxiv. 68. — Engelh^rdt, ibid, Ixx. 246. 
— Gottlieb, iHd, Ixxvii. 266.— Baup, Ann. Ch.Pliy8.[3] xxxiii, 192.— Gm. x. 417.— 
Gerh. iL 120.) — This acid, or rather its anhydride, is pit^uced by the dry distillation 
of citric acid, constituting in fact the cliief portion of the distillata (p. 996). The anhy- 
dride rapidly attracts moisture, and when exposed to the air, is converted into a czystah 
line mass of citraconic acid, which is fteed ftom excess of water by pressure between 
blotting-paper and exposure to a temperature of 60° C. Citraconic acid is also one of 
the products of the distillation of laefie acid. 

Citraconic acid is inodorous, and has a sour and sb’ghtly bitter taste. It crystallises in 
four-sided prisms, dissolves in 8 pts. of water at 10° 0., and Is readily soluble in alco- 
hol and in ether. It melts at 80° C. ; small quantities of it kept for some time 
at 100° are converted into itaconic acid. By diy distillation it is resolved into citra- 
conic anhydride and water. 

When citraconic acid is heated with strong nitric acid, a violent reaction is set up, 
accompanied by disengagement of gas, and an oily body is produced, a^ch on cooling 
solidifies to a crystaUine mass, consisting of two ciystalline nitro-oofn|l|Dand8, only te 
and;dy8ly te, which dissolve in alcohol to an unequal extent; thelf^^mposition is 
not Itnown. By dilute nilric add, citraconic acid is oonvearted into raeaacemie add 

When bromine is gradually added to a strong solation oT citraconate of potassium, car- 
bonic acid is disengaged and a heavy yellowish oil separates, consisting of an add and 
k neutral substance. The former is removed by treatment with dilute potash, which 



Imiwm tfc* miilii^reak acid !■ added to the alkaline aolntiiw. then b 

Then twobedieliWidw- 

“** an add, C‘H%*0*, adiieh hn b«ii\iia]aed Iw CSa> 

hnw^tt a^M &rtewMf^^ It jus the eomposition of dibmndnated ha^o 

add (^ 6M) j bo* Oahotu^d not obtain it by the action of bromine on butyrie wdd 
or butotate ofwntaaripnu . luaid acid ia alightiT amber^Iourod, and hae a peen- 
liar odbnr. when dwtiUed; iTgfTee off hydrobromic add and loayea a carbonaoeona 
reatdne. The add, after atan^ng for adme time, eceaaionaUy aolidifiea to a 
of cmtala. When it le heated with concentrated potash^ a peculiar odour is disen- 
gaged, end the addition of an add no lon^ precipitates an oil. The add forms a 
cumy predpitate with silTei^solntion, and its ammoniutn-salt dystallises. - 
The neutral oil formed in the preparation of the acid has the composition C*H»Br*0. 
and may either he iri6ri)7noj>ropitnt& aldehyde or trihrominated acetone, ' 

By tne action of bromine on dtraconate of potassium, in presence of excess of 
hyd^te of potassium, an oil is. also separated and carbonio add dtsengagedn When 
a weak solution of potash is added, the greater part dissolves, and a small quantity 
of tribromopropionio aldehyde remains ; on adding dilute nitric acid to the alkaline 
solution, large white crystalline flakes are deposited, consisting of an acid which crys- 
tallises firom alcohol and ether in long prisms. It has the composition of dibxomo- 
propionie add, C*H^Br*0*, but Gahours names it bromitonic acid, 

CiTBacoNATBS. — Citracomc acid ia a dibasic acid, and forms two series of sails, 
namely neutral saltSf 0*H*M*0* and and acid ealtef C“H*MO* m d 

they are isomeric with the itacouates, mesaconates, and lipates. TIih 
acid salts mostly ciystallise well. 


The a aid b « r t Cn®ff®Ba''0®, crystallises in Inrgo groups of fine silky necdUa. 

The n^eutral eilver^ealt^ C®H^Ag®OS c^stalliscs both anhydrous auu with an 
atom of water. In an aqueous solution of citraconic acid, nitrate of silver produces, 
on addition of ammonia, a very bulky precipitate which dissolves in boiling water. 
On cooling, the salt ia deposited In long needles. If tlio mother-liquor from tliip bo 
slowly evaporated, hexagonal ciystals are formed which have an adamantine lustre, and 
consist of the hydrated salt, C*H^Ag*0|^ + 11**0. 

Thfltdctc? stlver^ali^ C*H*AgO^ is obtained by dissolving the neutral salt in an 
acid solution of citraconic acid. On evu{)onition, largo groups of ciy^stals are obtained. 

Citraconate of Ethyly or Citraconio Either^ 0*H*^0\ is obtained by repeatedly 
cohobating a mixtare of alcohol, citraconic acid, and hydrochloric acid, and washing the 
4istillate with water. 

' It is a colourless, bitter, somewhat aromatic liquid, of density 1*040 at 18^*6 C. It 
boils at 23^1^ C^withjpiartial decomposition. It is insoluble in water, but readily soluble 
in alcohol 4uid fiSi^stEey. In^ contact with water, it gradually Mcidiflos and alcohol is 
fo|rme4» it is d; 9 ^mp 08 e<l into citraconate of potassium and alcohol. £. 4* 

oirmACi^lirw*^^ or; 

CxTBAdonPfk^s, C*H*N*0* — is obtained as a yellow viscid 

mem, nrhich bScoUss brittle^ and vitreous on cooling, when citraconic anhydride is 
beat^ fn a stream of dry ammoniacal gas. It dissohes in water, and the solution on 
cooling yields citradeuate of ammonium. It is derived from neutral citraconate of am- 
monium by the loM of 2 at. of water : 


cm*(VK*yo* - 2ii»o « c»H*N»on 


CiTBAOONixxDa. C*H‘NO* =• N.H.(rj»H*0®)". — Citraconic acid is mixed with 
excess of ammonia and evaporated to diyness, and the residue heated to 180^0. An 
amorphous oily yellow mass is left, which is citraconimide. It does npt dissolve in cold * 
water, and but slightly so in alcohol; it is highly hygroscopic. It is derived frcmi 
acid citracmiate of ammonium by the loss of 2 at. of water: 

C®H»(NH‘)0«-2H^0 « C»H»NO» 

Phenyte^Uraeonimide or Oitraeonand, , C’'H*NO* ■■ N.C®H®.(C*H^O*)''.— When 
knhydrous 'citraconic acid is mixed with phonylaraine, a brisk action ensues, and the 
taiaiure, if kept fmr some time in the water-bath, is totally converted into the above 
Compound* l^\<hwstallise8 in colourless needles, which melt at 96^ 0., and suldiina at 
a lim above It is readily soluble in alcohol and in ether. - 

Jt is dflfriWtt^^lboin dtraconate of phenylamine by fhe loss of 2 at of water s 
C®H»(0®H^)0*-2HH) - C”H*NO». 

^bdophenyieiiraeonimide, is obtained substituting iodophenylaadiHi In 

the abovu xoaetiom 

Me^hvfdkenylaitraeonimide, C»»H»(BO*yN(^, is obtained th* adiott of a ouxture 

of nitritf* and ■nlKttviMA aMjl nn nKAnvImtMIMkntmide. 
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Citracona§^c Acid, C^RTN’O^ «* — CStimniimide Appears to 

be partiallT coxraEtLble into this acid bj boiling with ammonia. Its salts are im* 
cfyetallisaDle. 

m m 

Phenylcitraconamio Acid, C“H'*NO* •*.NJBLC*H*.0*H*0*.H.0, is obtained aa 
an ammoniumHEwlt by boiling phenylcitraeonimideiritli dilate ammonia. On the addition 
of acetio acidt it is separated as a crystalline precipitat^ which is washed with cold 
water. It is on unstable body. It is derirea fiom acid dtraoonate of phenylamine 
by the loss of an atom of water : 

C*H*(C«H*N)0"- H*0 « C»H»NO* 

Dinitrophen^lettraconamic acid, C*>H*(NO»)*NO*, is obtained in a similar manner. 

E.A. 

OimA.OOirxo This compound is produced by tbe 

dry distillation of citric acid, constituting the greater part of the crude product. On 
rectifying this erode distillate, two layers are formed, the upper being aqueous, and the 
lower an oily add liquid which does not solidify. This, which is dtraconic anhydride, 
is purified by redistillation. The same substance is formed by heating itaconic acid. 

Citraconic anhydride is a colourless inodorous liquid of specific grarity 1*247. It 
rapidly ab^rbs ammonia, with disengagement of heat, forming a vitreous deliquescent 
mass, which probably consists of citraconamic add. £. A. 

OXTBJLOOWZO CBXiORZBBs Pytociirie Chloride, Chloride of JPyrocitryl. 
C*H^O*Cl*, — When pentachloride of phosphorus is mixed with citraconic anhydride, a 
brisk action ensues, and on subsequent distillation, oxychloride of phosphonuB passes 
over, followed by chloride of pyrocitiyl when the temperatnre has reached 176° C. 
It contains, however, some citraconic anhydride, which raises the boiling point; it 
is freed there&om by redistillation with pentachloride of phosphorus, the part dis- 
tiUine between 176° — 190^ bein^ ultimaldy collected. It is a hi^ly refracting fuming 
liquid, with a density of 1*4. With water, it forma dtraconic and hydrobromic aci(ls,and 
With absolute alochol, citraconic ether and hydfocblorie add. £. A. 

cnraUkCOirZO BTXXIIR. See CrmacoNATSs Xp. 993). 

CXTRAMZBBB. See page 1000. 

omukOOxarzBKZBz: (p. 993). 

OZXRRCOirxoBAirxXi* Syn. with lonopHEiryLcrntAcoai n r iPK (p. 993). 

OmtBinB. atronyh — A liquid isomeric with oil of lemon, &c., ob* 

tained by distilling the solid di-hydrochlorate of lemon>oil over hydrate of potassium 
or quick lime. It is transparent and colourless, of specific gravity 0*8669, vapour- 
density 4*73 (by calculation for 2 vol, 4*71) ; boils at 166° O. It wembles oil of lemon 
in most of its properties, and in forming a crystallisable compound . with^hydrochloric 
add, but dififers mm it in being without action on polarised light. (Qm. knr. 303.) 

CZXUO ACZB. C»H»0’ - (Scheele [1784], Opttcetda ii 181. 

— ^Berzelius, Ann. Chim. xciv. 171; Ann. Ch. Phys. lii. 424, 432; laevii. 303; Izx. 
216. — ^Robiquot, ^nd. Ixv. 68 — Liebig, Ann. Ch, Pharm. v. 134; nvi. 119, 462; 
xliv. 67. — ^Marchand, J. p. Chem. xxiii. 60. — Cahours, Ann. Ch. Phys. [3] xiv. 
488, — Pebal, Ann. Ch. Pharm. Ixxxii. 78; xcviii. 67.— Gm. xi. 436. — Gerb. ii. 86.) 
— ^The existence of a peculiar organic add in the juice pf lemons and of oranoes has 
long been known, but the discoveiy of the separate identity of this acid, and its dis- 
crimination from tartaric add, was first efieefed by Scheele in 1784, who gave to it 
the name it bears. 

It is to ^e presence of citric acid that a great many fruits owe their addity. This 
add occurs in the free state in oranges, lemons, dtrons, tamarinds, chernes, cur- 
rants, gooseberries, raspberries, strawberries, whortlebenriei^ and a great many others. 
In some of them it is assodated with malic and tartaric adds. It is also contained 
in seve^ tubers and bulbs, such as the potato and the onion. Occasionally it pccuis 
' as add potassium or ealdum salt. 

Preparation. — The raw material for the production of dtric add is lemon juice. 
' The juice is made to undergo an indpient fermentatipn ; it is then filt 4 U«d and 
neutralised; first with chalk and afterwards witii quick lime, by which an insoluble 
d^te of ^dum is formed : 10 pts. of this salt are careftilly deoompoeed by a odd 
Iniatnre of 9 pts. snlphuria add and 66 of water; the nrenm is washed tnth cold 
water ; and the filtrate and wash^water are boiled down in a leaden vessel over the naked 
fire.unttl the liquor has the specific gravify lrl8, then csoneentrated oyer a waterwhath 
* a saline film begins to whmk the Uquid is immediately coded to the ciysiallis- 

Blg^pOint ; if it were Airther ooaeentrated. the excess of. snlplinric add would convert 
TMtfina into a blank maze. Tha ervatala fonniwl ara raimUMi Kv ru. 



CITRIC ACID, 


m 


mother-liq'aon «ve utilised tor the preparatioii of citric tM hr 
treatment with cluillc» in the same manner as the fresh lemon juice* In the south 
ef France, the citrate of calciiim is bleached with chloride of lime, piior to its decom- 
position with snlphozie acid* Good lemons yield about 6^ per cent of the ciystallised 

The raw maferial generally used in this country for the reparation of citric acid 
^ on the large scale, for the use of oalioo-printers, is black fluid, like Ihin treade, 
which comes trom Sicily, and is obtained by inspissating the expressed juice of the 
lemon after the rind has been removed fop the sake of the essential oiL ( tWs Dic- 
tionary of Arts, Mant^actures and Mines, L 690.) 

Citric acid may also be prep^d from gooseberries, Tilloy (J, Pharm. xiii. 3061 
expresses the juice of the unripe berries ; leaves it to ferment ; distils off the alcohol 
formed ; Alters the residual liquid ; and treats it with chalk in the same manner as in 
the preparation of the acid from lemon juice. 100 pounds of gooseberries give 10 pounds 
of spirit of specific gravity 0‘928, and 1 pound of crystallised citric acid, 

jp,*opcrties , — ^Citnc acid crystallises in two forms. A concoiitratwl solution deposits 
by^jipontaneous evaporation, large, transparent, colourless prisms, having the oompost- 
tmn C*H*0’ + H*0'; this is tiie ordinary commercial aciiL The crystals belong to 
the triroetric system, and generally have the faces oo P . P oo . P oo predominant also 
with 00 P oo; the face 2p oo likewise occurs together with P oo, and ^metlines without 
it. P also not unfrequently occurs subordinate, Hatio of brachydiagonal, maerodia- 
gonal, and principal axis « 0*6068 : 1 : 0-4106. (Kopp^s Krystalloyraphis, p. 264 ; 

also Gerh. if 88.) The crystals cfilorcsoe in the air between 28® and 60® C.. 
and lose their water of crystallisation at 100®. A boiling concentrated solution of 
citric acid allowed to cool, deposits crystals of a different form, which, according to some 
chemists, contain 2C‘'H*0» + H*0 ; according to others, this water is only mechanically 

CMc acid has a strong, but pleasant, acidity, in which respect it differs 
taric acid, the acidity of which li accompanied by a somewhat bitter taste. This dif- 
ference is still greater in the salts, , . Ti • 

Citric acid is soluble in 0*76 pts. of cold and in 0*6 pts. of boiling water. It is 
readily soluble in alcoM, but insoluble in ether. , . , j 

Citric acid and its potassium-salt are used in medicine. It is al^ used in the jw- 
paration of effervescent summer beverages. Its most extensive application is in .dyeing 
and calico-printing ; for certain of the finer colours, it cannot be replaced by less costiy 

When lijne-water is added to a solution of citric acid, a slight precipitate is formoa, 
if the solution is concentrated and the lime-water present in great excess. But if the 
mixture be boiled, a considerable precipitate of citrate of calcium i« formed, which 
dissolves as the solution cools. By this deportment, free citric acid is easily detected 
It is disting^uished from tartaric and racemic acids by the fact that its potassium-salt 

is soluble* , .^ . - , 

D^.compontions.'—A. Solution of citric acid, when kept for some becomes covered 
with fun&.-— 2. An aqueous solution mixed with chalk and exposed for s^e time to a 
temperature of 20®— 30® C. in contact with a little yeast, yields acetic and butyric acids. 
According to How, when exposed in contact putrefyxy W ajd a base, it fe^ 
Rients and becomes converted into acetic and propionic acids.— 3. When citnc acid w 
heated in a retort, it first melts in its water of ciystalhsation and Ihen Iwds, giving off 
the water, which condenses in the receiver. Afterw^ at a^ut 176 ?* 

acetone distil over, and a copious disengagement of carbonic ^ 

time, the residue in the retort consists of aconitic acid. If the distill^ion be con- 
tinued, carbonic acid is given off and oUy stri® l^gin to appear in the neck « ™ 
which solidiiy to crystiSof itaconio acid. If these fast ^ 

tilled, an oily mass of anhydrous citraco me aeidisobtaine^ which no longeraoUdv 
flea. These decompositions of citric acid are thus expressed : 

- H»0 


C«H»0» 

Dry citrie 
meid. 

C«H*0» 

AconiUc 

acid. 


CO* 


0*H*0* - H*0 


C«H*0** 

Aconltle 

add. 

CryiUIUted 

itaconle 

add. 

CltraeoBle 

anlqrdiite 
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The acetone^ and carbonic oxide obcezred inilii'eariier sta^ of the decompoaitioa 
arc probablj due to a seoondaiy decomposition of acoutia aei^ thus : 

~ 2CO« CO + C«H«0. 
acouitie Aoetooe. 

•cid* 

Heated with citric acid gives offcarbonic anhydride at 163^ Fused with 

jpofa«4, citric add is decomposed into ozalie and acetic adds : 

+ H*0 - C*HH)« + 20»H"0», 

Citric Oxalic Acatic. 

acid. acid. add. 

A. When dtric add is treated with strong sulphurio acid, a disengagement of carbonic 
oxide ensues, even without the application of heat. But if the temperature be raised, 
the odour of acetone, is peredved, and carbonic anhydride is given off. On adding 
carbonate of sodium to the residual liquid diluted with water, a brown resinous mass 
is predpitated, and the solution contains the sodium-salt of a peculiar add, which does 
not precipitate baryta or strontia. — 6. Citric acid is not attacked by dilate nitric 
acid; but if heated for some time with strong nitric add, it yidds oxalic and carbonic 
adds. 

7. Citric add is easily oxidised by permanganic odd, A solution of citric acid 
mixed with sulphuric acid does not decolorise permanganate of potaeeium in tlio 
cold i but at 80^ C. the dtric acid is oxidised to carbonic add and acetone : 

2C^»0» + H*0 + 0» - C*H*0 + 9CO* + 6H*0. 


If a large excess of the permanganate be used, other products are likewise fcrmed, 
namely, a body which strongly irritates the eyes and resjwatory organs, reduces per- 
maugauate of potassium at common temperatures, and is turned brown by alkalis, pro- 
bably therefore acrolein, together with an add closely analogous to acrylic acid. Finely 
divided peroxide of manganese acts in the some way as the permanganates. (P4an dc 
. Saint Oilles, Ann. Ch. Phys. [3J Iv. 374.) 

Chlorine acts but feebly on citric acid. When a layer of concentrated solution of 
citric add is exposed to the sunlight in a large globe filled with chlorine, the gas is 
slowly absorbed, and an oil gradually separates, whidi after rectification is colourless, 
has a sweetish burning taste, and a peculiar odour. It boib at 200^ — 201^ C., and 
does not solidify at 0^. It reddens litmus paper only after prolonged contact. Plan- 
tamour, the discoverer of this body, assigns to it the formula ; when it i-i 

agitated with water and cooled to -i- 6^, a mass of ciystals is formed, C”C1'*0*.3H^0, 
v^ch melt and give off their water at 16°.' The oil is attacked i)y potash, with for^ 
mation of a body, Stadeler oonsideiii the oil to be hexachlorinated 

acetone C*C1*0 (p. 30), and the crystals to bo a^'^ydrate, C*C1*0 r H*0. Laureul 
ascribe to the oil the formula C*C1*»0*. 

9. The action of chlorine on citrate of sodium, though not very energetic even in 

sunfidiine, is difierent. Carbonic acid is disengaged, and the liquor oecomes milky firom 
formation of on oil^ at the same time, an acid citrate of sodium is formed, which ciys* 
tallises in stellate groups. The odour of the oil, at first sweetish, becomes gradually 
more acrid. It is a miztiire of several bodies. On rectification, chloroform first distiui 
over at 61° — 66° C.; the boiling point then rises to 188° — 190°, and remains constant 
for some time ; it then rises to 200°, at which point the oil produced by the free acid 
distils over. The intermediate prodmA, on rectificatioi^ boils at 190°, It is a colourless 
and very fluid oil, of specific gnivitip*66, with a burning taste, an extremely irritatit^ 
odour, and exciting tears. It hi^fehe formula CH^1'*0*. The action of i^oholie 
potash on this oil yields chlortdcJ||f potassium, and a very solutde potassium-salt 
which eiystaUises in satiny scalea^t has the formula The same salt is 

produced by the action of potash on the oil from the free acid. A corresponding 
silver-salt is very unstable^ and is readily reduced to the metallic state even in ttie celA 
The potassium-wt bas the composition of that of a chlorinated succinic add. The 
mother-liquor from which the chlorinated oil has been deposited contains, besides 
chloride sodium, the sodium-salt of an add which has the composition of suoeinio 
add but appears to be only isomeric with it. 

10, When hronme is padually added to solution of dtrate of potasdam, a brisk 
disengagmnent of earbonio add takes place; and if the addition of bromine be continued 
as long as gas is given and the excess of bnu^c^^refiilly removed by potash, au 
oil is predpitated which ia a mixture of two tl^ew. The most vdatile of these is 
bromoform, CHBr^. The other bas recdvedfrodTSfElOumfl^ bremoxaform. 
it odnsists of lustrous sUlqF newest which by spontBMotts evaporatiqii .aystalUse in 

t odourless They melt between 74° and but are deeofn* 

‘ by distiB^ou. The Ibrmala pf 'ihe body is C*HBeH>* (pentamvis^ pro- 


.’V 
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p;oido^d|^:itu dMompoind by potsfllii withibiiiifttloiiofbroiiud^ ofpotMsiiiiny 09udU| 
C»HBr*0* + 2KHO - aKBr + C»H*0« + OHBi»* 

Bromoxaforin. OxnIIo Bromoforn. 

acid. 

11. Dried citric add in contact with j^tacUoride becomea heated, and 

yirids oxjchlorocitric acid and oxychloride of phosphorus: 

C*H*0» + PCI* - C»H»0«CP + POOP. 


If the mixture be heated, hydrochloric acid is evolved, andohloride of eitrylappean 
to be formed: 

c*H«o*a* + PCI* - c‘h»ok;p + poop + hci + hk>* 

Chloride of 
citryl. 

If the heat be continued, the liquid assumes a deep cheriy>rcd colour and then appears 
to contain chloride of aconityl: 

c*h:»o*cp + pcp « cwo»cp + pocp + 211CL 

Chloride of 
ftcoiiit}!. 


Citrmtea* Citric acid is a strong acid. It reddens blue litmus paper and expels 
carbonic acid from carbonates. An aqueous solution dissolves zinc and iron, with dis* 
engagement of hydrogen. 

Citric acid is tribasic. It may be derived from 3 at. water in which 3 at. hydrogen 
are replaced by tho triatomic radical citryl, It thort*fore forms three series 

of salts, ill which 1, 2, or 3 at. hydrogen arc replaced by metal, thus: — 


Citric acid • . 

Acid monometallic citrate 
Acid dimetallic citrate . 
Neutral trimetullic citrato 


(c-iiwrjo. 

(cwr o. „a (C-K?')- o- 


Sorno of the citrates occur naturally, as citmte of calcium in onions and potatoes^ 
and citrate of potassium in artichokes and potatoes. The alkaline citrates are very 
soluble ; other citrates, as those of zinc, iron, cobalt and nickel are less so, while the 
citrates of the alkaline earths are ii^lublc. In the presence of soluble citrates, «.llcali V 
do not precipitate tho salts of iro%4aaDgancse, or aluminium. The citrates decompose 
when heated to 230^0., forming cmpyrcumatic products, which have not been investigated. 

The following list includes all the principiil citrates. 

CiTSXTE OP AntJiiii^XDX. — Insoluble powder when it contains excess of xnetal ; 
soluble gum when the acid is in excess. 

Citrate op Amxonium. Monatnmonic Citrate^ C*H’(NH*)0\ — Solution 
of citric acid, neutralised with ammonia, and then mixed with twice as much acid aa 
it already contains, yields this salt by spontaneous evaporation in small triclmio 
prisms. 

l>iammonic Citrate, C•H•(NH*)*0^ ciystallises on the evaporation of a solution 
of dhric acid which has been saturated by ammonia, in prisma which are anhydrous bnt 
deliquescent. 


Citrates OF Babiux. Tribarytic ra^s, C'*II'*lta*0*^ — Citric acid added 
to excess of baryta- water throws down dakes which become somewhat ciystalline. White 
powder ; dried in the cold, it conuins water of crystallisation, which it gives off com- 
pletely at 200^ C. 

Monobarytio Citratef — Obtained as a gummy mass by ovaporating a solution 
of barytic citrate in citric acid. 

A ciystalline citrate of barium which, dried at 160® C., has the formula CI*^H**Ba*0**, 
IS obtained by adding tribarytic citrate to a boiling transparent mixture of dtric acid 
and chloride of banum, as lot^ as the resulting precipitate ividissolvei, and then 
allowing the mixture to C0ot^ 'Xt appoani to be a double salt of tribaiytie and 
dibaijtic dtrate. ^ , 4 

Oitntd of .eodinm is only by a la^ excess of chloride of barium : 

hence citrafce^. berinm must Jm somewhat soluble in citrate of sodiuiOi 

OvnATf^l Ceiixioii^^i-CiystalUne sparingly soluble salt 

CiTMATiuidv Calcivic. Triealoic Citrate, ^ 4H*Q^W1mb 

^ 3 8 3 





ihioride of cridiijii a^od to a soluUon of citrate oi 

tato at fii»t formed redifliolTee, but when agitated, it sudden Ij formg a liaffm; 
becomes crystalline bn the a^lication (leat. The salt is more soluble in cold 
in hot water, so that a cold h turbid on being boiled. 

• The dibasic sait, C*H*Ga"0^ obtained in ahining lamina by dissolvituf 

tbmpreeedjDg coinjH>mdiu €xe6&s of dtrie add, and evapomdig the eomion. - 
CiTukTE OF CvEii^^White inaolnble powder, obtained double decompoai. 
tioBL of allcaiine citrates and cc^us salts. 

; OiTBATB OF CoBAHT, C**H**Co*0*^ + 14H*0.— Ths solution of carbonate of 
cobalt in warm citric acid, solidifies on cooling, after adequate erapozation, to a rose- 
coloured magma, which dries up to a powder of the same colour. 

OupBic OiTBATS. — Obtained In microscopic rhombohedra by heating a solution 
of cupric acetate with citric acid. I’he formula is C**H*®Ctt*0*\Cu''H“0* + 2H*0. 

OiTBATBS OF Ibob. Ferrous Cifrafs.— ^Alcohol precipitates white flakes of 
trifeizotts citrate from a clear solution of iron in citric add* 


Ferrie Citrate, — Freshly precipitated hydrated ferric oxide dissolres in warm 
aqueous citric acid, forming a reddish-brown liquid which on evaporation leaves a 
light-brown film. It is administered medicinally under this form. Ferrocyanide of 

S otaesium does not precipitate an acid solution of ferric citrate, but forms a blue 
quid which is decolorised by ammonia. 

Ammonia- f erric Citrate, (Ammonio-ciirato of iron.) — When 2 pta. of freshly 
precipitated ferric hydrate are dissolved in 8 pts. of citric acid, the solution saturated 
with ammonia leaves on evaporation a groonish-jellow mass, insoluble in strong 
alcohol, but soluble in alcohol of 40 per cent. 

CiTBATB OF LiTHZuir. — Amorphous, limpid, hard mass. ‘ 

CiTBATBS OF Lead. Triplumhic Citrate^ C**H*®Fb*0‘* (at 120® C.), is best 
obtained by precipitating an alcoholic solution of plumbic acetate with an alcoholic 
solution of citric acid, and washing the precipitate with alcohol ; it is granular when 
hot solutions are employed. 

Dibasic Salt C®H®Fb''0' + H^O. — A solution of acetate of lead is added to a 
boiling dilute solution of citric acid as long as the precipitate redissolves. On 
evaporating the clear solution, the salt crystallises in small prisms. Ammonia 
dissolves this salt, and the solution afterwards deposits triplumbic citrate. 

Tetrahasic Salt. — By digesting triplumbic citrate with ammonia, Benselius ob- 
tained a heavy white powder, which had the formula C**H*®Pb*0*®.PbH*0*. The 
triplumbic citrate digostod with excess of subacetate of lead, gave an insoluble 
amorphous powder, which had the formula C**H'®Pb*0**,PbH*0*.2Pb0. Heidi 
obtained a salt of the formula C'*H'®Pb®0’'.2Pb0 + 3H’0, by dilating triplumbic 
citrate with ammonia for two days in a close vessel. Bulky, white, insoluble powder. 

CiTBATB OF Maonbsiux. C'*H*®Mg*0*® + 14H®0. — Carbonate of magnesium 
dissolves in citric acid to a solution which forms a thick magma when concentrated. 
Alcohol precipitates the salt from its aqueous solution. 

This salt, evaporated with excess of citric acid, yields a gummy mass, which does 
not become crystalline. 

When carbonate of magnesium is dig|asted with disodic citrate, the filtered solution 
on evaporation leaves small ciystalliAe groups, which contain sodium and magnesium. 

CiTBATB OF Manoaxbsh. -*Ap**Mn*0*® + 2H*0. — Citrate of sodium does 
BOt precipitate manganous salts ; tejRrheu carbonate of manganese is digested with 
citnc acid, Uie above salt is obtainaoM a white insoluble crystalline powder. 

CiTBATBS OF MBBcuBT.^Oitric acid precipitates from fnercurous acetate, a 
white powder soluble in nitric add. 

FVesnly precipitated fnerenric osdde dissolves in hot citric add, and the solution on 
cooling deposits a white powder, which is decomposed by water. 

^ CiTBATB OF Nicxbi.. + 14H*0. — Oxide of nickel dissolves in 

eitric add to a graen liquid, gradutdly changing into a green jelly, which on evapora* 
tion leaves an dive-green film, soluble in water but predpitated by alcohol. 

CiTBATBS OF PoTAssiux. Tripota^sic Citrate, C*H*K*0' + H*0. — ^A 
solution of carboi^te of potassium nentralised with dtrie add, jnelds by i^ntaoeotts 
evapoihtioo, transparent, stellate-grouped needles, very deliquescent, and insohibla iu 
BbsolUte aloohoL They lose their water at crystallisation at about 200® C. 

JDipotassie Citrate, C*H*KK)'. — ^A solution of 2 pts. of dtrie add neutralised 
iritii earbonato of potassium, and mixed with 1 pt of dtrie add, yields by svi^poiBtion 
.‘jm amorpliouB mass having a sour taste. 



Mcntfpoim99ip Ciiraie,^ C*H*EO* 

with potabt 1 pt. of oitrie aetd added, wd tlia mixlare av ap atltirii # ^4^ ft 
tmnspareiit prisnijB, permanent in the aur, and haT^ an agmatie tour taatti Ttuf 
melt in their water of cryatalhsatioiit and giye OS’, per cent of water, fmidim * 
Tisoona liquid, which eolidiflee on cooling to a Oitottmie radiated maas of omtala, 
consisting of C*H^KO'. 

^mmotiio'^potcsstc CitTottm A eolntioh of dipotaasie citrate 

neutralised wiVi ammonia, yields this salt, ou erapoittticm, ii^ransparent d eUq ue r>ertt 
prisms. i 

Potaasio-antimonic Citrate.-^l pt. of citric acid is neutralised with potash; 
1 pt. more of acid added; the mixture ^ilcd for some time with triozide of antimony, 
and the filtrate left to crystallise. Wliite, shining, very hard prisms, grouped in tufU. 
They give off 6*7 per cent, of water at 190® C. JVtoy be regarded as a douole molecule 
of tripotassic citrate, in which part of the potassium is remaced by the tribaaio radicle, 
antimony: C*»H'*(K*Sb'")0*«. 

OiTBATX OF SzLTBB. C*IPAg*0^ — Citrate of potassium added to solution of ni- 
trate of silver, thro^ down this sdt as a heaw white powder, which ciystallises fh>m 
boiling water in white or yellowish needles, l&eflugrates at a high temperature. 

A rgentoua Salt — The above salt heated to 100® C. in a current of hydrogen, is 
changed into a dark brown mass, which is a mixinre of citric acid and triargentous 
citrate. Water extracts from this mass first citric acid, and then a small quantity of 
argentous halt with a red colour. This red solution heated to boiling, assumes a green 
and blue colour, then deposits metallic silver, and becomes decolorised. 

CiTKATBS OP SoniUK. Triaodto Citrate, 2fC*lPNH*0’) + — When 

a Boliitioo of citric acid is saturated with soda, ana the solution left to evaporate, 
large rhombic prisms are obtained of this composition. They quickly etfiorcsee and 
are sparingly soluble in alcohoL At 100® C. 7 at. water are given off and at 190'^ — 
200°, 4 at. more. A solution of this citrate evaporated at 60° C,, yields monocUnic 
crystals containing only 2 at. water. 

Diaodie Citrate, — Obtained like the corresponding potassium- 

salt.* Prismatic, stellate-grouped crystals, which give off thoir water of dystallisation 
when dried over oil of vitriol. 

Monoaodic Citrate, C*H’KaO^ + H*0. — Obtained like the corresponding po- 
tasaium-aalt. A very concentrated solution left to evaporate in a warm place, soliwnes 
to a mass of acicular ciystals, and ci^'stallises to the last drop. 

Ammonio-aodio Citrate. — Confused crystalline crust. 

Potaaaio-aadic Citrate, C*H»NaW.C«H»K>0» + llHfO— Obtained by dissolv- 
ing equivalent quantities of trisodic citrate and tripotassic citrate, and concentrating 
by evaporation. It is deposited after some days in radinte-grouped, lustrous needles. 

CiTRATB OP Strontium. — Strontia-water is precipitated by citric acid in thick 
whits flakes, which, after diying over oil of vitriol, have t)ie composition C'*H**Sr*0** 
*f 2H*0. They lose their water of crystallisation nt 210 ® 0. 

C I THAT B o F Z t If c. C**H‘®Zn*0** + 2H»0. — Carbonate of zi nc dissolves readily in 
aqueous citric acid ; on boiling, the salt is precipitated as a granular, crystalline powder* 

The aqueous solution of this salt mixe^l with a small quantity of citric acid, and 
evaporated at a gentle heat, deposits transparent crystals, which have the composition 
C*»H‘*Zn*0>*.2C*H*ZnO’ + 2H*0. 

Subatiiuium-derivative of Citric Acid, 

OxTOHi.oBoozTBtc AciD. C*H*C1*0* — pantschlorid# 

of phosphorus is mixed with diy citric acid, the mass ^comes heated, liquefies, and 
then solidifies to a magma of ciystals which consist of ozychlorocitric mixed with 
oiychloride of phosphorus. The latter is removed by dmestion with disulphide of 
camn, the mass is thrown on a filter, and washed with dusu^hide, then prewed be- 
tween Hlmlons paper, and dried in^ a current of hot air. It forms oolourlew sl&y 

^ PCI* - C*H*0*C1» + FOCI* 

In moist air or in water, this acid becomes heated and is converted into citric add. 

On heating it in a stream of dry air to 100° C., hydrMhloric acid is liberated, and the 
xendne oonraitB of aeonitic se^ 1^ ammonia acts violently upon it, IhriBing a hla^ 
vesicolar masa. In contact with anifine^ the acid becomes stnmgly hsatod, and yields 
plienyl-aooiutiinida. E. A. 
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CZTBAlltOiB. 


— CITRIC ETHERa 


__ _ ^ Ann. Ch, Phann. Ixmi. 73 ; xeviil 

^ add, bdi£# odiTad fit>m atnmonia by the replacement of 
dEtijl, #liliaziidi!te icbown ; but man/ of the correspond* 
la^e b^ pbtdned by T^baL 

m . [N*, ia a czystalline compound, alightl/ so- 


luble in VateiV' obtained' by the actiin of alcoholic ammonia on citrate of methyl or 
citrate of ethyL 

- (OH»0*r) 

PAenyici(ram$4ia, QUran^Me^ (C*H*)*vK*, U oblfuned iby the action of heat 
^ H*) M 

on triphenylamio dtn&e : ^ 

TriphsnylamlOcierate, ^ Fhenylcltramlde. 

To prepare tliia body, the yello^ powder left on heating triphanylamic citrate is dis- 
eolved in boiling alcohol, and the ablution is decolorised by animal charcoal. On cooling, 
two sets of ciyi^Ia are deposit^ hexagonal plates and prisma The foirmer consist 
of pbenylcitnmide, and are dissolyed out by boiling with alkali, which'does not per- 
ceptibly affect the phenylcitramide. PbetQrt^tramide ia deposited fh>m alcohol in 
colourless prisms, truncated longitu^tniffily, and a liacreous lustre. iNeutral to 
vegetable colours. 


Phenylciirimide. Cfitrobtanil^ C**N®*^^ — (C*H*)*^ 


lamic dtrate minus 3 atoms of water: 


h: j 


N’, represents dipheny- 


C«H«(C*H«N)*0^ - 3H*0 •- 

Dipheny lamic citrate. Phenylcltrlinlde. 

It is obtained in the preparation of pbenyldtramide ; also by heating phenylcitramic 
acid with phony lamine : 


C'»H'>NO* + C-H»N - 

Phenyl ctcramic Pbeny lamine. 
acid. 


Phenyl- 

citrimfde. 


+ H*0. 


Hexagonal plates, soluble in alcohol, and converted by boiling with ammonia into di- 
phenylcitramic acid. 

Phenylcitramie Acid. Citranilie Acid, |o. — 

Obtained by the action of heat on monophenylamic citrate : 

— 2H»0 » C«H»NO» 

Monophenylamic Phenyl, 

citrate. cltramlc acid. 

Idonophenylamio citrate is heated ^ 140® — 150® C. as long as water is given off. On 
cooling, the residue becomes ciystalline. It dissolves readily in water, and if excess of 
phenylamine has been avoided, it is deposited in small crystalline spherules, or i» 
mamillary groups of small prisms. It h|s an acid reaction, and forms ciystalline salts 
with silver and with aniline. 

On treatizig it with ^entachlorid^^ phosphorus, hydrochloric acid is given off, 
and a liquid formed, which appears jj^ ptain chloride of aconitanyl^ C'*XH*0* Cl, as, 
when treated with water, it is reso^Hl into hydrochloric acid and phenylaconitamic 
acid. 


Piphenylciiramic Acid, CUrdnanilie Acid, C**H'*N*0*. — !Obtained in the 
form of an ammonia-salt by boiling phenyldtrimide with ammonia. By adding bydro- 
dilorie acid to the solution, the acid is precipitated. Becijstallued from alcohol, it 
forms softiConcentricaliy-g^upedySiDi^ needles. It melts andgires off water at 150® 
and becomes reconverted into phenylmtrimide. 

Diphenyleitramie acid contains the elemrats of diphenylamic citrate minus 2 at 
water: C«H*0OWN)*O» - 2HK> - and may be represented by the 


£>naulg4C^HK)^] 




derived ftom the mixed type 


KA. 


efeVSW JWWMi The eitrio ethers represent oitncacid in which one or mote 
wtoms of hydfogen .are- replaced bw aleohol-radidee. Those in which one or two 
atoms of hydrogen are Hiua replaced have acid propertiesL 



CITRIPIC ACID^I 





CiTBATB OF Mbthtl. TTimeth^Hf^ifaU^ 

A Bolutioii of citric acid in,w)d-Bpi]^i8 
fying the mixture, chloride of meth|l 'fmd the excess of 
eolouriess liquid distits OTer at about C^'^hkh iaritiiil of xqnn 

aome time it crystallises. (Saint- Eyre^ acd 

Jlfonomethylcitriojlcid, |o» and aoid^ 0 *, 

axe both formed in the^^paration of citrate of methyl* They haye b^n but little 


Q!^ 

iridgaa^i 

fitading 


(Tl|^dnard» M^m. d’A^ 


examined. (Demon desir, Compt. renA xxxiii 227.) 

CiTBATB OF ETHtL* iffUfi^Ether, |o^ 

cueil, ii. 12. — Mala guti, Anib^Oh. Phys. Ixiii. 197. — Dumas, Compt renA yiii. 528. — 
Marchand, J. pr. Chem. u -818.— Heldb Ann. Ch. Pharm. xirii. 57.— ‘Demon- 
desir, Ato. cit.) — This body iS formed by distilling a mixture of sulphuric aci^ citric 
acid, and alcohol ; but the best method of preparing it, aiicording to Dexnondesir, is as 
follows: A solution ofe ritric acid in alcohol is saturated with hydrochloric acid gas, 
the liquid n^utndlped with carbonate of soda, and agitated with common ether, which 
dissolves out the citric ether. On evaporating the et hereal solution, citric etlier is left 
as an oily, yeUowish, transparent liquid, with an odour resembling olive oil. Its spe- 
cific gravity is 1*142. It is very soluble i* alcohol and in ether. It boils at 280® 0., 
but decomposet— probably iftto acopitic or citracdnic other. It is decomposed by free 
alkalis into citrates and free alcohol. "With ammonia it yields, besides citramide, 
several products which have not been jammed, £. A. 

CXnZDZO ACZ28. Syn. with Aoonitxo Acid. 

See CiTBBNB. 


CZTRZXra« A glassy variety of quartz having a wine-yellow colour. 

OZTRZarS. Citroglyeerins. CitraieB of Glyceryk (v a n B e m m el e n, J. pr. CHem. 
Ixix. 84.) — Two of these compounds have been obtained by heating citric acid with 
glycerin. 

Neutral Citrate of Glyceryl, C*H**0^ prepared by heat- 

ing citric acid with a slight excess of glvcerin to 160® — 170® C, for twenty hours. 
Water then escapes, and there rornaina a hard, light yellow, transparent mam, from 
which the pure product may be obtained by boiling out the exc<tsM of glycerin with 
alcohol. It is difficult to pulverise; insoluble in water, alcohol, and ether. Hydro- 
chloric acid dissolves it gradually with aid of heat; sulphuric acid iinmodiatoly, with 
blackening. It dissolves gradually in cold potash-icy, and when boiled with ba^s, is 
quickly resolved into citric acid and glycerin. The formation of the compound is iro- 
presented by the equation : 


c«n*o^ + c»n*o* + 3 H*o. 

Citric acid. Gljceriii. 


Saeic Citrate of Glyceryl, Citrodiyiyceridf, C'*H**0** C*II**O^.C*H*0*» 

may be regarded as a double molecule of glycerin which 3 at. hydro* 

gen are replaced by citiyl, that is to say, as (C*U»0<)'"|0*.— Obtained like the pre- 
ceding, by heating citric add with a double quantity of glycerin. The mass melts at 
100® C., and the transformation is completed between 160® and 170®. The produd 
pu^ed by boiling with alcohol, is yellowish-brown, somewhat darker and less hard 
thril l the neutral compound, which, however, it resembles in other respects. 

OZntOOSBXO and OXTBOXXO ACZPS. Two acids said to be eontafned in 
the sediment of lemon and bergamot oils; the former is waxy, the latter oily. (My- 
liue, Arch. Pharm. xxxii 28.) 
cnnrmMZAimN Syn. with PHSim«iTBaci]» (p. 998). 


See CiTBiirs. 

OCTaOKAmnAJrS* (t. Bern melon, Jahresber.^ f. dliem. 1858, p, 435.)— 
This term is applied to two compounds derived from mannite in the same mai^ M 
the dtriiu are derived from glyceriiL They are formed W heati^ mtnc acid with 
jji proper pioportton to between 180® and 140® C., eombination then telcij^ 
plaee^ attendea witn eumioation of water. 



1002 


CITRON, om OF— CITRira 


MonocUromanMan. + 

A bard, light jddov, taat^tess faTistaiioeyliiaoliMe in cold water, aloobol, and ether, 
decdiinK>sA by long boilii^ with water or alcohol, also by alkalis. Between 170^ and 
180^ d it tiuiw brown and deoQpiijposeB. 

Dicitromannitan. - (C*H*0*r{0» + 2H^O.— Obtained as a hy- 

drate by heating 2 at. citris acid and at. mannite for some time to between IdO*’ and 
150^ 0. The product is a dry, bard, light yellow mass, which has no acid reaction, 
dissolves in water only after long boiling, is easily decomposed by alkalis, and does 
not give off water without decomposition when heated. 

OXXKOir, on Ol*. See Cxtbus medica (p. 10^4)^ 

cmtOlfir&. The name applied by Blanchet and Sell to that constituent of 
lomon-oil, which forma a ciystallisable compound with hydrochloric acid (p. 1004). It 
is sometimes also applied to the triatomic radicle of citric add, 

CXTROPTWZL The camphor or stearoptene of lemon-oil (p. 1004). 

CZXItUS. A genus of plants belonging to the natural order Auraniiacets, and 
including the orange, lemon, citron, shaddocl^ &c. They all produce juicy fhiits con- 
taining citric acid, and enclosed in a thick fleshy rind containing volatile oils, wliich 
are isomeric with oil of tuipentine, but differ ftom one another in odour, density, ac- 
tion on polarised light, dec. 

Citrus Aubantiuk. The Sweet Orange . — The "rind of this fruit contains o 
volatile oil, Oil of orange-peelf Oleum corticum aiirantiorum^ which may be extracted 
by pressure or by distillation with water. It has the same composition and vapour- 
density as oil of lemon. Specific gravity in the liquid state 0*83 — 0‘89. Boiling 
point 180® C. It is neutral, and has an agreeable odour. Optical rotatory power, 
125*6® — 127'4® to the right. It dissolves completely in absolute alcohol, and witli 
turbidity in 7—10 pts. alcohol of specific gravity 0 86. It unites with hydrochloric 
acid, forming a liquid compound, u*®H^®.HCl, and a solid compound, C*“Ji*®.2HCl, 
which melts at 50® C. (Gm, xiv. 306.) 

Orange-peel also contains, especially in the unripe state, a bitter principle callerl 
Aurantiin or Hesperidin (^. V.) 

The juice of the orange contains citric and malic acids, partly free, partly combined 
with bases. The juice of sweet oranges likewise contains grape-sugar or cane-sugar; 
the grape-sugar predominates in tlie unripe state, but docs not sensibly increase in 
quantity as the fruit ripens, while the amount of cane-sugar increases, both absolutely 
and relatively to the weight of the orange, the juice, and the solid constituents (Ber- 
thelot and Buignet, Compt. rend. li. 1094). 100^. of oranges contain 4*2 dot 

cent, cane-su^, 4*3 grape-sugar, and 0*46 free acid (Buignet, Ann, Ch. Phys, Ixi. 
233). The pips of the orange contain a bitter substance^ which appeals to be identical 
with the limonin of lemon-pips. 


The flowers of the orange contain a vei^ fragrant volatile oil, called Oil of Nerolh 
Oleum florum napha s. neroli, which is obtained by distilling the flowers with water. 
When recently prepared, it is neariy^ colourless, but reddens quickly on exposure to 
light. According to Soubeiran aA L Capitame. it if composed of two oils, one easily 
amuble in water and very fragraMyhile the other is sparingly soluble and has a less 
agreeable odour ; the latter floats^^he watei^ distillate, and is easily separated. The 
more fragrant oil may be extracts from the watery distillate {orange-Jlower water) by 
means of ether. It is reddened by wlpkwrio acid^ and communicates this property to the 
entire essence. Nitric acid colours the oil brown. According to Dobereiner, oil neroli 
produces a peculiar acid in contact with piatinu7n4dack. Oil of neroli dissolves clearly in 
I — 3 pts. eucohol of specific gravity 0*85, and with turbidity in a larger quanti^. Ac- 
cording to BouUay and Pllsson, alcohol of 90 per cent, sepazutes from oil of neroli a 
aolid substance, neroli-camphor, melting at 50® C. ; insoluble in water, sparingly 
soluble in boiling absolute alcphol; feiy soluble in ether; it appears to contsia 83*76 
per cent. 0,15*09 H, and 1*15 O ; probably a hydrocarbon when pur& (Om. zir. 386 ; 
Oerh. iii. 639.1, 

The leaves of the onmge^Md a |rateiy infhsion characterised a bitter aromatic 

tasta 

The following table exhibits the c om position of the ash of vaiious parts of the 
ocange-tree : — 
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Jsi 0/ Orange-tree, 




Rownev aud Riow. 


Rioiueoeor. 


Root. 

Stem. 

LCEVOtk 

Fruit 

Plpi . 

Fruit. 

Ash, per cent 

4*48 

2*74 

13*7 

8*94 

a *8 


Potash , . • • 

16*4 

11*7 

ie*5 

S 8>4 

40 3 

88*7 

Soda * • • • 

4*6 


1-7 

11*4 

0*9 

7*6 

Lime . • > • 

49*9 

65*6 


24*6 

19*0 

23*0 

Magnesia 

6*9 


6-7 

8*0 

8*7 

6*6 

Feme oxide . 


0*6 


0*6 

0*8 


Sulphuric acid (anhy- 







drous) 

6*8 

4*6 

4*4 

3*7 

6*1 

2*9 

Silicic acid (anhydrous) 

1*7 

1*2 

4.8 

04 

M 

6*2 

Phosphoric acid „ 

13*6 

17*1 

3*3 

IM 

23*2 

14*1 

Chloride of sodium 

1*2 

0*2 

6*6 

3*9 

6*8 

tnice 

Ferric phosphate . 
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Citrus Bbroamia. The Bcrgaimt.^TYia rind yields by pressure a Tolatile oil, 
which deposits l»y keeping, a solid camphor called bergaptene, having the 
composition C*H*0. (See Beuoamot, Oin of, p. 680.) 

Citrus Bioaradia. The liigaradeov Bitter Orange (Bigaradicr of the French, 
Mtlangolo of the Italians). — Tlie rind of the fruit of this plant viclds by pressure a 
volatile oil, commonly culled Oil or Kssenee of Mandarin fUiough the mandarin 

orange is a variety of Citrue atirantium). After filtration, it has a pale ycllowisli 
colour, but after rectification it is colourless, clear, and mobile. Specific gravity, 0‘862 
at 10° C., 0*8617 at 12°, Boiling point 178°. It bus an ngrcoable odour, different 
from that of lemon or orangc^oil, and a not unpleasant tastt‘, like that of oraiige-oiL 
Optical rotatonr power 85*6° to the right. It is in.soluble in waicr^ but soluble in 

10 pts. of aXcohoty also in ether and glacial acetic acid^ and in all nroportions in eul- 
jihide of carbon. It dissolves bromine^ iodine^ fh^sjdvormy etdjmur^ oih both fixed 
and volatile, toujr, and reeine. With hydrochloric acid it forms a ciystalline compound 
containing C*®H‘*.2HCL Cold nitric acid colours it faintly yellow ; hot nitric acid 
decomposes it, with evolution of nitrous fumes, and the mixture, on addition of water, 
deposits a nearly solid mass. With alcoholic nitric add^ it forms u crystalline mass, 
probably a hyorate. It is reddened by cold sulphuric acid^ and ciirlwnised when 
neated therewith. (S. de I-nca, Compt. rend. xlv. 904. — Gm. xiv, 304.) 

The l^ville bigarade, or Seville orange, is much us(h 1 for the pre[>arution of bitter 
tinctures and of candied orango-peel. The bitter aromatic principle is a powerful tonic, 
gives its flavour to the liquid called Cura^oa. 

Citrus Limbtta. The Lime . — The rimls when tom and pressed, or distilled 
with water, yield an oU which resembles oil of lemon, and when treated with sulphuric 
acid and chromate of potassium, forms 1 im ettic acid, (Q m, loo, cit,) 

Citrus Limoruk. The Zcflion.— Regarded by many writers as a variety of 
CUrtf mediea. 

Lemon-juice oontains free citric acid, and is used for the preraration of that acid 
902), alM mucus, vegetable albumin, and sugar; according to Bu'ignet (Ann. Oh. 
foyt, [3llxi 288), 100 pts. of it contain 1*1 grape-sugar, 0*4 cane-sugar, and 4*7 free 
acid. The nitiogenous matter causes it to putre^ easily, whence it acquires an unplea- 
sant smell and taste ; te prevent this change, it is often kept in bottle^ with a layer of 

011 on its surface. 

AAft«i%ii*«g to Witt (Chem. Soc. Qn. J. vii. 44% Jemon'^mee contains frN>m 0*2 to 0*5 
per oentaiSi, oonsistiiig in 100 pts. of 44*3 per oont potssh, 2*1 soda, 7*6 lime, 8*8 
manw^ 12*5 sulphu^ anhydride, 19*7 earbpnie ai^dride^ 7*6 pbeephorio snhj- 
drme7?0 lerrie phosphate, 1*2 dilorine, and 0*6 silica.' 

Lemon-pips contain in the nucleus, citrate of potasiiiim, a fliUj^-diying oU, a 
tsBow-like at, a bitter principle called togeCheV with other constituents. 

In the ash of lemon-pips, Souehay (Lpr. Chem. zzxvuL 25) frmnd 88*2 per 
cent potash, 8*5 so^ 12*6 Ume, 8*5 magnesia, 0*2 ferric oxide, 84*1 phosphoric aonj* 
dride^ 8*2 solpliuric anhydride, 2*3 chloride of sodium, and 0*3 silicik 
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oil of Xieiiioii. — ^Lemon-peel eontains a TolatOe oil, called OU of Umon, Oleum dtr\ 
whidi is extracted by pressure or by distillation with water. This oil is composed for 
the most part of a hydrocarbon isomeric with oil of turpentine, C‘*H**, and haring the 
same Tapotir<4ensity (4*81 — 4*87). It is neutral, and has an agreeable odour. Specific 
gravity in the liquid state, 0*84-^*86 (Zeller). Boiling point 173® 0. (Blanchet 
and Sell); 178*1® (Brix). It rolatilises in the air at or&iaiy temperatiures without 
leaving a perceptible grease-spot, provided it has not become resinons by oxidation. It 
deflects tne plwe of polarisation of light to the right. 

Oil of lemon, obt^ed as above, is, however, a mixture of two hydrocarbons, having 
the same composition, but differing in optical rotatoiy power and in their behaviour 
with hytocMoric acidL These two hydrocarbons may be separated by distilling the 
oil in vacuo. The first portions collected at 55® 0. have a density of 0*8514 at 15® C., 
rotatory power a + 56*4®, and when saturated with hydrochloric acid gas, yield a solid 
and a liquid dihydrochlorate. The following portions collected at about 80® C. have a 
apeciflc gravity of 0*8506 at 15®, rotatory power » + '72*6®, and are almost wholly 
transformed by hydrochloric acid into a solid dihydiocblorate ; they likewise contain a 
sensible amount of oxidised oils. (Bert helot.) 

Oil of lemon dissolves sparingly in water ^ in 7*14 pts. alcohol of specific gravity 
0*8317, in 10 pts. alcohol of specific gravity 0*85, in any quantity of absolute alcohol, 
and mixes readily with oils both fixed and volatile. It dissolves sulj^hur and ph(}8^ 
phorus, also resins and other bodies. 

Oil of lemon when exposed to air and light, absorbs oxygen, with formation of ozone, 
becoming at the same time darker and more viscid, and forming a small quantity of car> 
bonic acid ; according to Aschofif, the crude, but not the rectified oil, turns acid on expo- 
sure to the air, forming acetic acid and lemon-camphor. At a red heat, the oil is decom- 
posed, with formation of tar and charcoal. Chlorine dccom^sca it ; cotton soaked in the 
oil and immersed in chlorine gas becomes charred on the surface, but does not take fire. 
When bromine is covered with a layer of water, the water with oil of lemon, and the 
whole carefully mixed, the bromine becomes decolorised without explosion, anda bromi- 
nated oil is formed, 1 pt. of rectified lemon-oil taking up 2 '2 8 pts. and 1 pt. of tlie crude 
oil, 2*4 to 2*6 pts, of bromine (G. Williams, Chem. Gaz, 1853, p. 365), Iodine decom- 
poew oil of lemon with rise of temperature. Strong nitric add turns it brown and resi- 
nises it ; alcoholic nitric acid converts it into a hydrate. With strong sulphuric add, it 
assumes a yellowish brown colour, and yields tcrebene and colophene ; similarly when 
/ distilled with phosphoric anhydride, Lomon-oil dropped into a large quantity of oil of 
vitriol is said to yield sulphoterebic acid (G e r h a r d t). Potaasium eliminates hydrogen 
from lemon-oil, slowly at common temperatures, more quickly when heated, acquiring 
at the same time a brown colour ; after repeated distillation over potassium, however, 
the oil undergoes no further alteration, and then possesses a finer odour than before. 
Hydrate of potassium separates from oU of lemon a brown substance, the oil thereby 
acquiring a stronger aud more agrj^blo odour. 

Oil of lemon is largely used m perfume^ ; it should not be dark coloured or viscid 
or leave a perceptible stain on ^per. It is often adulterated with cheaper oils, such 
as oil of turpentine or oil of lavender, and sometimes with alcohol. The tatter adulte- 
ration may ^ detected by agitation with ^ter, the pure oil then exhibiting no per- 
ceptible mxuinutioD of volume. /The pone oil is also coloured brownish by acid 
chromate of .potassium, whereas if it eontaiaa alcohol, it turns greenish. 

The admuLture of cheaper oils mttK^neially be detected by the odour. Oil of ^ 
peutine may also be detected ipmon by its dififerent behaviour to polarised 

light, especially when heate^ thajHnecular constitution of oil of lemon being much 
less altered by heat than th^ of turpentine. The rotttoiy power of me sus- 
pected oil is &8t to Ije determinpjrw the ordinaiy temperatttrai, and i^sain after the 
oil has been heated to 300® C. for an hour or two. If tne ou is pore^ no change *wifi 
be perceived, but if oil of turpentine is prosen^^ll^iimeially the Freneh kind, wMch is 
IsBVO-rotatoiy, the dextro-rohstoiy power of tile w be considemh^ increased by the 

beating. 

Hydra U of L em^s d^l U a eKystollme substance isomeric with hydrate of tor- 
pentme-oil, obtaii^M b£inixing 1 pt of lemon-oil with ] pt alcohol, of 

■pe(^o gravity 0*85, and I nitrus add, and leaving the nuxture to itself 

ibr some time. (PevyieT) ^ - 

Bftdroehloruto$^of IfSmon^oih-^fj/kewo compounds are fimned saturating the 
' oil wi^ hydrochlorie^ adM gas^'Abo the oil with the Mueous acid. The 

oompound fonned whydrochlorate, C'*H**.2HCI, of which 

there is a solid and^ Uqmd modmeim^ the Litter being produced chiefly ftom the 
mere rolalile, thV «mer horn, the lamWelatile portion cd the oiL (Berthclot> 
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C’*IP*.HC1. — This compound is produced by saturatiiig a s^« 
tion of lemon-oil in acetio acid or alcoholie sulphuric acid, with hydrochloric acid ms, 
and collecting the few crystals which separate, rarely, however, and only under pemuiar 
dreumstanoes. It ajppeani also to be present in small quantity in the portion of 
iemon-oU which remains liquid after the separation of the solid dihydiochlorate. The 
crystals melt at 100® O., and volatilise without decomposition at. higher temperatures. 

/h'ilyifrccWeriito. C**H**.2H[CL — The solid modification of this compound is ob- 
tained by passing dry hydrochloric acid gas to saturation into rectified and dehydrated 
oil of lemon well cooled, separating the resulting crystals from the mother-liquor, pnns- 
ing them repeatedly between paper, washing them with cold alcohol, recrystallising from 
hot alcohol, drying in the air, afterwards in vacuo or over oil of vitriol, and once mote 
eiystallising from ether (Blanchet and Sell). It forms rij^ht four-sided prisms or 
laminm, heavier than water ; has an aromatic odour ; is insoluble 1 n water, solulAe at 1 4® C. 
in 6*88 pts. of alcohol of specific gravity 0*806 ; and separates from the solution, on ed- 
ition of water, in ciystaUine laminae. On evaporating the alcoholic solution, partial 
decom^sition takes place. The crystals are also soluble in oils both fixed and vola- 
tile. The comjjound is optically inactive, molts at 43® or 44® C., and solidifies cry- 
etaUine on cooling; it sublimes at 60® C. without decomposition, boils at 142® 
(Cahours), at 162® (Blanchet and Soli), with partial decomposition, hydrochloric 
acid escaping and an oil passing over, which does not solidify till cooled to 20® (X 
The crystals bum with difficulty when heated in the air. Cklorine^as converts the 
fused compound, with rise of temperature, into a chlorinated compound, C'*(H**C1*).2HC1, 
Laurent's hydrochloratc. rfc chlorocitrenhe, 

Dihydroclilorato of lemon-oil is decomposed by nlver and mercurous salts in the 
cold, not by o:tide of leacf even wlicn heated. Nitric add does not act upon it in tho 
cold, but decomposes it when hoate<l, with evolution of nitrous iicid. Strong sulphuric 
acid decomposes it, separating hydix^chloric acid. Votimium decomposes it, with sepa- 
ration of lemon-oil ; if heat be applied, eitrene (p. 992) is produced. The same pro- 
duct is obtained by repeated distillation of the compound with potash or lime, or by 
the action of those bases at high temperatures. 

The liquid dihydrochlorate, called also hydrochlorate of citrilcne and hydrochlorate 
of citryl^ is contained in the mother-liquor of the preceding compound, and may ha 
obtained pure by cooling the mother-liquor to — 10® C, to separate the remaining 
quantity of the solid compound, and filtering through a mixture of chalk and animal 
charcoal, to remove free acid and colouring matter. It is a mobile oil, optically inact. 
tive, soluble in alcohol, and precipitated from the solution by water, with loss of hydro- 
chloric acid. By treatment with liytlrochloric acid gas, it is converted into a ciystalline 
mass, which dissolves in alcohol, but separates therefrom, not in crystals, but in the 
form of a heavy oil, a small quantity remaining in solution. 

Lemo^ •camphor or (Jitroptcnc. — A solid subBtaneo produced from lemon-oil 
by oxidation. It is formed when the oil is kept for some time in half-filled liottles, 
partly separating in the solid state, while the rest ftsroains dissolved, and may be sepa- 
TAtedby rectifying the oil. It forms colourless volatile crystals, which smell like oil 
of lemon, have a sharp pungent taste, are neutral, insoluble in cold water, but very 
soluble in hot water, to which they impart a decidod dichroism. It is soluble also in 
alcohol and ether, the hot saturated solutioiM solidifying on cooling. The compound 
melts at 46®C. (Mulder), above 100® (Berth elot), boils at a temperature abovelOO®, 
and distils in oil-drops, which solidify in the crystalline form ; it may also be sublimed. 
TH^en thrown on red-hot coals, it volatilises witnout taking fire. It ditumlyes in sulphuric 
acid with red colour and peculiar aromatic odour, and water precipitates from the 
solution a whits resinous substance, which is insolable in water, and does not melt at 
100®. Nitric acid dissolves the camphor, with deconfpOsition kt common temperatures, 
bat gives off nitrons amd when heat^ wirii it. The camphor does not absorb hydros 
tHwrio a d d. 

The composition of lemon-candor is not known with certainty. According to 
Idnider, it contains 84*8 per ceiik!C,8*2'H, and 36*0 O; according to Berthelot, 68*0 C, 
7*6 H, and 34*6 O. , , , 

The term lemon-camphor is likewise applied to ts|ro comywunds, nz. the 

solid dihydrochlorate of lemon-oil, and the h;|drate' fonncd% the action of olcoholia 
nitric acid on the same oil. 


CiTBVS Lwmia, The Stofst ^is blant, whfdt grows abun^ntly in 

Oslabria Sicily, yields a fruit very mu^ like tne common lemonn The rind yields 

by pressure a volat^ oil, the greater part SiF whiA distOaJhd^een 180® and 190® (L r 
ralaing a colonricM limpid liquid. *^1?“ ^ - , , • ' / 

The portion boiling at 180® is isomeric with Oil af turpentins, fee,, and has a density 
aC0*86a at 18®. It possesses a dntjeo~Twf»l 4 try powee — 34® the transition-tint. 
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Jt is soluble in alGoAol^ very scduble in etier and in aulp^dde of e»bm. It b 

resinis^ by strong; nitric add, and^ like oil of lemon, yiel<U a eiysf aUine hydrate with 
idcohoUo nitric acid. With kydrochhrie add, it forms a liquid and a czystal^e com* 
pound ; the latter, which has a peculiar odour and melts a low temperature^ is a d%. 
droddorate, C‘*H'*.2HCL (S. de Luca, Compt. renfi li. 258.) 

Ottbus Mbdioa. The Citron, {Citradier of the French, Cedro or CedraU d. 
the Italians.) — The f5ruii of this species is usually large, ^warted and furrowed, with an 
extremely thick spongy rind and a subacid pulp. It is chiefly valued for the fragrance 
of the rind, from which a delicate sweetmeat is prepared. Two volatile oils used in 
perfumery are extracted from it, viz. dl of dtron and oil of cedra. Both are higlilj 
fragrant, almost colourless, and lighter than water ; the^y are distinguished by their 
odour, that of oil of cedra partaking of the character of oil of bergamot. The two oils 
are often confounded by pharmaceutical writers. Thev appear to be obtained by dis- 
tillation, as they are free from mucilage. Both of them are hydrocarbons isomeric 
with oil turpentine. (Pereira, Materia Mvdica, 3rd ed. 1853, ii. 2032.) 

omt’n* This name is applied to the triatomic radicle, of citric acid, 

&C. ; also by Blauchet and Sell to that portion of lemon-oil which forms a liquid com- 
pound with hydrochloric acid (p. 1002). 

Chloride of eiiry I (C®H*0®)'" Cl*, appears to be formed, together with oiig^chloro- 
citrie acid and chloride of aconityl, when citric acid is heated with pentachloride of 
phosphorus (p. 997), inasmuch as the mother-liquor whicli remains after the oxychl^ 
iocitric acid has exystaUised out, yields, on addition of water, both citric and aconitic 
adds. (PebaL) 

The following is a Hat of the compounds of citryl described in preceding articles. 
[0*H*0*-Ci]. ' 


Chloride of Oitiyl 
Citric add • 


Citnites^ monometallio 


Citntes^.dimetallie . 


Citrates, trimetallio 


Citrate^ aaoflAihethyUc 


Citrate^ dimeihylic 


Citrate, trimethylio 


dtrata, triethylic 


Cfrret^ monoglyeeric 


cr> 

CH*)0* 


cr> 

(CH»)»ic 

H) 


or). 

(C*H*)-J^ 


Citrate, diglyceric . 


CitromazinitAn . 


Dicitromannitan 


Citramide 


Phenylcitxamido 


Phenylcitrimido 


Phenyldtramic acid 


Dipheoyldtramie add 


cr 

2(C»H*)'*' 

H* 

cr 


. cr o‘ 

(C*H*)*0 

. IpfK* 
H*) 


Ci") 

(C*uv> 

H*) 


.‘^12 


An odoriferaus subetaneO obtaiaedb from animala of the genus Viverra 
vis. the VinerradvitUa ot North Africa V, dbetha, found on the continent of 
frwn Aralua to Mslshar, and Hoses of Java. It is contained in a pooch 
mtaated, between the ^n^and Qigaa|, of generation, and is voided by the animals 
agiinit dfrnba or sfotnek ASbetter however, obtained by keeping the aniinds 

^ qaofrnemen^ aikd iiminsnifug the pondi a| ceitain icteirals. 

mod eivet is of a deaiysuMUl^ltfDi^ colour, not fluid, or hard, but of about 
the conristenee of butter or hoanr, throughout, of a very stitnig smell, 

aessbpiiig musk or ambrngris ; quite oflbDsive frhen undiluted, but sgtceable wbsA e^y 
m mami portion of diet is mixed with at quantity of other substancesi. 







CjUSBlFlCATp^^ 

ahown. to oonttin two kinds of matter, calied foepectiTely oxygen and 
MW can similarly be proTed to be made up of osr^^ l^d&ogen and M^n; 
and sugar are tberaore both of them compound bcd ^ ; but nmther o 3 ^en, hydrog^ 
per carbon can, by any analytical or brecSeing-up process, bo made to yield any St^ , 
^e than oxygen, hydrogen, or carbon, respectively ; these three bodies are thmdm 
in a chemical sense, elements. It will be seen that the chemical idea of an dementaiy 
^y does not bv any means imply the absolute simplicity of the so-called dements * 
it may be that these ixidies are compounds which, as yet, have resisted all attempts to 
decompose them, but which are capable of being decomposed by procAases hitherto 
nnknewn. Kevertheless, if it should at some future time be shown t&t all our present 
elements 'are in reality compound bodies, the definition of elements as bodies which 
^Mnot be chemically decomposed would dill hold good, though it would then an* 
to a new set of substances. ^ 

■ jhe fhrther classification of elementary and compound bodies, it is impossible to 
Mpaxate the consideration of one of these classes from that of the other; for the 
.ibaiuical ootm of an elementary body can only be known by the study of the oom- 
binilK^ns which it forms; and the properties of every compound body are determined 
thps^ of elements of which it is composed. 


especially two Mints to be considered in reference to the relation in which 
stand to the compounds which they form: first, the atomic 
I ih %hich th^ eombine together; second, the chemical nature or fimction 
lies into whose composition they enter. Considering them first in the former 
|l^;We find timt <t^re are a certain number which are distinguished from all the 
^toldmplicity of the jpipportion in which they unite with each^ether. To this 
*1bei)ts belong « i), chlorine (Cl ^ 36'6), bromine (Br « 80). 

potassium (If 89), sodium (Na « 23), lithium (Li « 7), 

8d^4), omaium (Cs » 133), silver (Ag =* 108).* They combine to- 
gether uswly in the proportion of ope doia to one atom(8oo Atomic Weiohts), and 
.but firtr Mmpoiinds are known which contain more than two of these elements, unless 
an alen^t ^some other daw be also present Trichloride of iodine, ICl* f, and the 
^supposed.pINloride of hroininej BrCl* are perhaps the only exceptions to the former of 
4h«jBe rull^ and the substances which form an exception to the second are all crystal- 
hsed salts fo^ed by the molecular union of normal binary compounds, such as NaCl 
imd AgCL l^ese b^es cannot he proved toexist, except in tlie ciy'stallised state, and 
the chemicak^jropfemes of their twq.constitaentB are not modified to the extent which 
usually Bccdfupanies true chemical combination ; hence it is probable tliat they are 
not true eheintCHl individuals, hut physical aggregates of entire molerules, analogous to 
salts containing water of crystiJlisation. Another property of the elements of this 
chps, closely allied to the first that was mentioned, is that the proportion by voluino 
in wMch those of them wh|ch can be measured in the gaseous state unite, is 1 : 1. 

j?pr1reBSonB that will be further dwelt upon in the sequel, the elements of this class 
nrs fbrm^ monatoTniKf elements ; the remainder are termed polyatomic elements and 
iare Jfivisible into : 

■ X/ £7<wwfs,— Theeo are; oxygen (O » 16), sulphur (S >» 32), selenium 
^8e 80), tellurium (Te =* 128), magnesium (Mg « 24), zinc (Zn *- 66), cadmium, 

112), mercuiy (Hg « 200), calcium (Ca = 40), strontium (Sr - 88), barium 
W7X plstinum (Pt » 88*6), and perhaps others. The elements of this class 
Mhbt&P^ther two or more tdgether and in very various proportions, e, q, ZnO, ZnS. 

CaS* Ba*SO, BaS(P, BaS«^aSO\ BaS’^0*, BaS’^O* BaSW they combine 
elements in th|i^<|portion of one atom or volume to two, forming 
^ which one molecule ofl^ies twi^ the volume of the diatomic atom it con* 
jtfetome volume as tliBwb m^tomie atoms ; e. g, H*0, CPO. C1H<V 
V Jfllfhen more than one diatomic element enters into coizduiiaticif 

.lupnatoinic elemeiito',tlie ratio of combinaHon is sometln&LaMt 
s, g,pO\ a-S*, CPSO, Cl»SO» KHSO», KHSO* dto-J ' 

cblorfne, 


i 




esse in which Iodine fdrmi a rafnpound of gra 
s : for InstAnee, iodic acid forroa anbjrdro-^alta, t ‘ 


iptexfif than other aMO* 
without annlofiiea amoof 


l^aMsnpbundi of the o^r tponammle elensuta. 

drmtnta are here enumetaUd aa diatomic which were tUflitelj retarded aa monatomic. 
Wlr^w magnealdMu a^, cadmium, and mercury. au^TMiim, atmtlum, and barium, 
wglRto he cootldered diatomic Inatead of monatomic, reaoWes ttaslf into thequeatiou whether the 

*^aoeet>tod atomte wrighCt of thcee elemeota ought toha doubled. ^ * «- 

iswfo MAtnuK eomUM * — . * 


ottiMlrM to Uw itotoMM if Mtoia 



Miem0mta.^JS[itr6m (N 14), phospbonis (P - 31X arwil®^ (A» 
-Wtan (Sb - 121X bitmuth (M - 208) ; boron (B - 11) ; gold (An • 187) i 
olybaennm (Mo ■■ 48), Tedtadiom (Yd «* 68'6), tungsten (W •» 82); ttid 

elements do not form many eombinationa among themselvea not containing 
dtement belonging to another class. They combine with the monatomic elements 
ptoportion of 1 at to 3, to form such bodies as NH*, PH\ A8H^ SbAg*, Bid*, 
AnOP, AiO. ; 1 at of some of them can also combine with 6 monatomic atoms, 
liia^ bodies of the following form being known : NH^Cl, PH^l, PC1% &c. ; but none of 
eompoanda appear to be capable of Tolatilising without decomposing, so as to ra- 
genexate a oompound of the class first mentioned, as shown in the following exattiplast^ 

NH*a - NH* + HCl 


PCI* - PCI* + CICL 




With the diatomic elements and with the diatomic and monatomic elements togetlMri 
they eombine in very various proportions, but always so that the sum of the tmtcniia 
atoms, or of the triatomic and monatomic atoms toother, when the latter are ptpgik^ 
contained tix a molecule of the products formed, is an even number. ; 

8. l^tratomic Elements.— Caihon (C « 12), silicon (Si - 28-5)* tiUnium (Tl 4$^ 
tin (So — 118), tantalum (Ta - 138); probably lead (Pb « 207), and p ^if jj l o i h ar 

elamenta. , . 

^eae elements can combine with the monatomic dements in the proportion. t 
to 2 (e* a, SiCl*, SnOl*), and with the diatomic elements in the proporUon of 2) 

(«LO. CO, SiO, ShO); but the compounds so produced read% eombina | 
stomie atoms, orwith 1 diatomic atom, to form such bodiM ae the foUowii^ : JSf*" 

COCl*, CO* SiO*, dee., which appear to represent tha noni^ oompovmw of \ 
tomic elements. They also form very many coippoUnds with the triatbmlt elemebte, 
or with these and the monatomic or ^atoguo .el|mients together. The felloving are 
examples of the simplest combinations so produim: 

C*N», ONH, ONHO. 

4. Hexatomie Elem£nts.^Th& following elements ere perheps hexalnn^t iion 
(Fe -« 112), aluminium (A1 — 84), and other similar bodies. 

understood If ihe render hm ttudiod the nrtlcls ATOMIC WncWTS. Ijss also llbrAiei Wsiosfs 

and CL&stiricATioN or, eol. 111. pp. 9.W-063; sea ATOsiicitw In the ioreti^mt . 

• 2fnc. CWwr'ni Jfrrcnrw.^^^^ It may Iw snlA tlnrttlls^Wance In 

favour offoiibttng the atomic welfhu of sine si^ n 
are to olivfoiuly metrbert of the same natiirsi famlljr, tilStJ|[tt 

of the former two meUlt without doubling theirs al^. ^ dpubm 

atomic wrlabta of sine and mercury are the folio wir 


, . Hng tns 

.>Hn. .n Sch 


formula CH»I. C*HM. i *H»I. C»HM. In e^h wming a ^ ^ 

binatlon of (dm diatomic element) oxygen with cyanide of potasilum t 

KCy + O ea KCjO i 

If sine and mercury were monatomic, their artlon on^^ hydrlodlc ethers would probably be sssISfSiia^ 

to that of (the monatomic element) chlorine on cya We of potassium i 

KCy -f Cl* - KCl + CyCI. 

Again, the reaeClona reprevented by the following egustlohs (snd Ike Isalliw 

wK mercury -methyl) all tend to show that a molecule of mercorjr-rthj’l (or saaKury-fselbyi^ ^Si^^lSS'c 
Sal. ethyl (or methyl)! 

Hg(C*H*)(C*H») + BrBr-^CiH*)Br + C*H».Br(BucklOii). . 

* hJ<C»W)(C«H») + CIH » + C«I1».H (Bucktoa;. t j*. f* ■ »' 

^C«I1'KC*H»;L+ hJcICI - Hi(CiH»)a + h;cI(C»H‘> (■«.!(«•«. ' '' 

MBM.it to ondorstandwhat can cause thetwoafoma of alcohol-radicle^ ismsM soaiW»s^|f B-!* 
■■ ’^klch they are unltod to one •SSMl.a.. howi 

WSi^ hs eoMldetHI aa stf it more or less opeai^ question. 


CLASSIFiCATIOlf. 


fbe existence of this class is not as yet certainly proved ; there is^ however, reason 
to believe that iron, aluminium, and perhaps some of the metals most closely allied 
to them, are hexstomic, and that their simplest cr>mpounds with the monatoimc ele- 
ments contain 6 monatomic atoms (e,^, sesquichloride of iron, PeCl" ; chloride of aln. 
minium, AlCl*). 

^fot withstanding the exceptions which we have pointed out^ the diderence in tlie 
modes of combination of various elements, which have been indicated as serriug for 
their division into distinct classes, are in the main so marked and so coostant as 
almost to make the conclusion unavoidable that they result from differences in the 
•combining capacity of the elementary atoms themselves ; that in fact the atomic com- 
Hning capacity or atomicity of the various elements is a definite and fixed property 
comparable to their atomic weight And, if it be accordingly admitted that an atom 
of oxygen, or of any other element of the same class, can combine with tvnee as great 
a weight of any given element as an atom of hydrogen, or of any other element of its 
class,— -that an atom of any element of the nitrogen- class can combine with three times 
as much, and an atom of any element of the carbon-class with four times as much (that 
is, if the terms monatomic, diatomic, triatomic, and tetratomic, applied to the rarioas 
classes into which the elementary bodies have been divided, be admitted to correspond 
to actual differences in the combining powers of the atoms of the elements), — then it 
is possible to explain, at least to a very great extent, the general differences of com- 
position which the compounds of these elements show when compared together. 

Upon the classification of the elemcntaiy bodies which we have here adopted, wo 
have now to found a classification of their compounds. [In this part of the subject it 
will often be convenient to use the following general signs for denoting elements of the 
various classes : 

For monatomic elements, a vertical or horizontal stroke : | or — - 

For diatomic elements, two such strokes connected at one end by a straight hne 

For triatomic elements, three strokes connected : [ | | or 

For tetratomic elements, four strokes connected : | | | | or 

The number of strokes in the sign of each class of elements thus represents their 
atomicity.] 

The simplest normal combinations which one monatomic, diatomic, triatomic, or 
tetratomic ^om respectively can form, are the following ; 

1, Honatomic atom with monatomic, — — ; example : Hfct 




2. a. Diatomic atom with 2 monatomic, ; examples : (Sif*, (5^[& 

6, Diatomic atom with diatomic, C3’ example: OKg. 


Ik a. Triatomic atom with 3 m<^tomic. 


bomic, jZI — 


; example : iSIW* 




A Triatomic atom with 1 monatomic and 1 diatomic, 

sCbldl. 

e. Triatomic atom with triatomic^ example: f(£ 


examples: £fcl<5 


4 a. Tetratouie atom with 4 monatomic^ * | ! !; examples: CH% CKCl* 

6^. M l I 

A. Tetratomic atom with 2 diatomic^ j | f j ^ 

I I I 1 . 


v;^ 'Tetratomic atom with 2 monatomie and I diatomic^ ■ ■ i • 

OJl^PbdHJ. I I U 


; exan^^: 



CT.ASSIFICATION. 


d* Tctratonuo fttom with 1 mon&toi&ic and 1 triatoinic, ' 

6^. I 


«L Tetratomic atom with tetratomic, 


; eiam|»tot 


It will be seen that this classification of coinfounds of tlK> siinpleHt order is couiva- 
lent to GerhardVs classification according to types. Coniiwiiiids of tlic form 1 axo 
those referred by him to the type IICl or HU; those of the fonn 2a, are those re- 
ferred to the type H'-'O ; those of tli© form 3fi, are tliose referred to the typo ; 
while bodies of the form 4<i may be referred to the type Ii*C, BuhscqueiitJy intro^ 
duced (by Odling, KekuW, and others^ for the purpose of further extending Qerhardt’s 
system. The sub-forms 2b, 3b, 3r, 4A, 4c, 4</, 4e, may be n'garded as deriving from 
the primary forms, if we take account of tho miiltequivulency of tho polyatomic elements 
(see EQurvAUWTs), and consider, for instance, chloroxide of carbon (4cj)as represonting 
a body of the form 4fl, in which the diequivalent atom O takes the place of 2 mon- 
atomic atoms, and hydrocyanic acid (4rf) as a bo<ly of tho same form in which the tri- 
equivalent fftom N takes the place of 3 monatomic atoms. In this way all botliea such 
as those above mentioned, may be rt^ferred to the four typos IlCl, Il‘-0, 

BO far, then, the empirical classification of Oerhardt, and tliut which wo have here 
deduced from the theoretical basis of the definite atomicity of the elomouts, are 
identical. 

In order to extend his cbissification to compounds of a higher degree of complexity, 
Gerhardt was obliged to assume the existence of an indetiiute number of comj>ound 
radicles; wre have now to consider the constitution of such comjwun<ls, and shall thus 
see that the idea of the atomicity of tho elements includes, not only the ide^a of types, 
V»ut also the idea of compound radicles, — ideas wrhich rt‘ccnt chemistry lias shown to 
bo correlative, neither of them having any significance excej>t in relation to the other. 

Comparing now more comjdex compounds with each otlu‘r and with the verysimplo 
conipounds of which we have been speaking, wo find that, w-hereas there is no rule m 
to the number of diatomic or tetratomic atoms which one compound may contain more 
or b*sa than arc contained in another, the difference betw'cen the number of inonatomio 
or of triatomic atoms, or of monatomic and triutoraic atoms together wlien both are pre- 
sent, contained in tw o well defined and well analysed bocli(‘s, is always an even iiu in her. 
Hut sinco tho compounds constituted according to any of tho forms above eimmeruted 
always contain an even number of monatomic, or of triatomic, or of monatomic and 
triatomic atoms together, this amounts to saying that ifu sum of such atoms contained 
in <iw// wcU’deJinrd and well-analysed body is always an ev< n number. I’liis proposition 
embodies one of tho earliest observed regularities in the atomic composition of com- 
pound bodies {vid. Laurent, Ann. Ch. Phys. [3] xviii. 2fi0), often spoken of as the law 
of thrj'vm number of atoms / it is in strict accortlance witli the view which regards tho 
combination of the elements as consisting in the mutual saturation of tlioir atomic 
romluning capacities, and might indeed i)e deduced from it : for sinco each unit of 
combining capacity requires another for its saturation, tlio number of atoms in every 
normal compound (or compound in which tluj atomicity of each element is satnrate<f) 
mustbesuch. that the number representing the sum of tlieir combining capacities is 
€‘vcn ; and this can only be the case when it conbiins iin even nnmlicr of those atoma 
(monatomic and triatomic atoms) whoso atomicity is represented by an odd number. 

The highest number of monatomic atoms that any compound can contain appeiCn 
to be regulated by tho number and nature of tho polyatomic atoms which it coutaint. 
If a compound contain n polyatomic atoms whose utomicilics are respo<?tively 
A, A', A", &c., the highest number of monatomic atoms tliat it can contain is A 
A' + A" + . . . . — 2(n— 1); but it may contain any lower numW differing from 
this by a multiple of 2« 

Wo may illustrate this rule by applying it to the simplest normal compounds of 

atoms of each degree of atomicity. In the case of compounds of the form I ( ), 

A+A', &c., » (I, n also ar 0, therefo re t he formula becomes — 2( — 1)=^2; in tho 
case of compounds of the form 2a, ( f*" _ A', A", Ac., disappear, and ^ — 1, so that 

the term 2 (n — 1) also disappears, anTthe formula is reduced to A 2 , in like manner 

in the case of compounds of the form 3a, (Ez) , the formula becomes A 3 ; and 
in the ease of those of the form 4a, ({ j \ it becomes A « 4. All compounda 


■(EE> 


the formula becomes A > 


I 1 k 


; becomes A » 4, All compounds 


Iwtlrmg iiffg to any of these four classes, contain therefore the maximum number of 

3 t2 
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monatomic atoma. We hare previously alluded to some substances in which this 
maximum appears to be exceeded: namely, first, compounds containing four or 
sfa* monatomic atoms, such as NaAgCl* (?) and K*AgI»; secondly, compounOj 
containing five monatomic atoms to one triatomic atom, such as NH^Cl, PCI*, &c. 
There is, however, m already pointed out, reason to believe that all such lidies 
as these are not strictly speaking chemical individuals, but that they are combina- 
tions of entira molecules, as^ such, held together by a force aualogous to that which 
causes certain salts to combine with water of cryatallisation. This view may be easily 
admitted with reference to the first set of exceptional substances, because they cannot be 
proved to exist, except in the ciystalline state : being generally decomposed by solution 
in a inoderate quantity of water, they are often not very constant in the proportions 
of their ingredients, and the two salts, of which they may be regarded as made up, 
retain their usual properties without essential alteration. In the case of some of the 
second class of exceptional bodies, the difficulties in the way of admitting this expla- 
nation are greater. These bodies are so numerous, and some of them form so readily 
and are under certain ordinary conditions so stable, that some chemists have been led 
to regard nitrogen, phosphorus, arsenic and antimony as pentatomic instead of tri- 
atomic. The chief reason for not adopting this conclusion is that, in all such compounds, 
two of the monatomic atoms appear to be more loosely combined than the other three,* 
so that even the most stable compounds of this kind, namely the ammonia-salts, are 
always decomposed to a greater or less extent by the evaporation of their solutions, 
and not one body of this class appears to be volatile without decomposition (into a com- 
pound of the form 1, and a compound of the form 3a). But whatever be the real 
nature of these <^xnpounds and of the force which causes their formation, it is certain 
that they differ in important respects from substances whose composition accords with 
the atomicity of their components, and that their properties are to a great extent ex- 
plicable if we regard them as combinations of entire molecules produced independently 
of the combining capacities of their constituent atoms. (To prevent repetition, we may 
state here that the same view is applicable to all other compound of ammonia and 
similar bodies with acids.) 

But to return and consider how far the composition of other bodies agrees with the for- 
mula which we^ have said gives the highest possible number of monatomic atoms that 
they can contain. It results from the formula that bodies containing two diatomic 
atoms can contain alsotwo monatomic atoms. Accordingly there exist not only com- 
pounds ofthe form (referred to above by the number 26), but also compounds 


of the form 


I n 
u r 


, for example, SOCl®, O’H*. For bodies containing one triatomic and 


one diatomic atom, the formula gives S as the highest number of monatomic atoms that 
they can contain ; accordingly, in addition to compounds of the form 36, there exist 

compounds of the form | | j | , for example, KOCl*, POCl*. Bodies like those of the 

form 3c, containing two triatomic atoms may, according to the formula, contain at most 
four monatomic atoms : agreeably with this result, compounds are known of the form 

I I j | , for example, NPd*, and of the form | | { } { * example, I”I«. 

Bodies containing one tetratomic and Jby diatomic atoms (46) may by the same rule 

W r i"! I I 

contain /our monatomic atoms : hence Ji^e may have bodies of the form j j j | ^ 

example, CO*H* (ffirmie acid), and bodies of the form j j j j ; methylie 

glycol, CO*H*, if known, would be an example of this class. Similarly, bodies containing 
one tetratomic and one diatomic atom (4c) may contain four monatomic atoms, forming 

compounds of the form | j j j, for example, COH* (methylie alcohol), CSH* 

(methylie mercaptan) ; bodies containing one tetratomic and one triatomic atom (4<f) 

may contain five monatomic atoms, forming compounds of the form | j j 


example, CO^H’ (ffirmie acid), and bodies of the form 


n I 


I Lf 

methylie 
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Jbr CNH* (ttiethylamiue) ; and bodies containing two tetamtomio atoiiis 

(4s), may contain two, four, or six monatomic atoms giving compounds of the form 


j, example, C*H* (acetylene) ; 


!, example, C*H< (etl\y> 


lene) ; or 


I I I L_UJ 


example, C*H* (hydride of ethyl) 


The quMtion now arises, how far is this lew of the combination of the different 
dementa in accordance with the idea of their having each a definite and constant 
atomicity ? A little consideration will show that it is a necessary consequence of that 
supposition. The total combining capacity of any number of atoms is evidently the 
sum of their several combining capacities, and if these latter be denoted by A, A\ A”, 
Ac., will be expressed by A + A' + A" ; but if the atoms bo combined to- 

g ether, their total combining capacity will not ho so great as in the free state, it will 
sve been more or less saturatcKl by the combination which has taken place among 
thorn. The atomicity of ^ many of them as are monatomic, will have been cntiicly 
mturated by the combination, but the atomicity of such as are polyatomic may be only 
partially saturated ; and it will be saturated to the smallest poasiblo extent if, of all 
but two of them, two units of combining capacity be saturated ouch by one unit of a 
different atom, and if one unit of each of the remaining two atoms bo saturated. This 
mode of combination is shown by the following diagram, representing 2 tetratomio 
atoms,* 1 triatomic atom, and 2 diatomic atoms combined in the way described ; >— 


u I 1.1 .1 u 

Since the free atomicity (if we may use the expression) of all but two atoms is thus 
diminished by two units, and the free atomicity of each of the remaining two atoms is 
diminished by one unit, the total remaining free atomicity of the group is equal to the 
total atomicity of the uncombined atoms (or A 4- A' + A" 4* . . . .), diminished by 
( 2 ( 0 - 2 )+ 2 ), 

that is : A + A' + A" + .... - 2(n — 2) — 2 « A + A' + A" + . . . . — 2(n- 1), 

which is the precise expression, some of whoso consequences we have above discussedl 

It is evident that no combination can take place without the saturation of at least 
two units of atomicity, one belonging to each of the combining atoms. Hence, when 
a monatomic atom combines with any other atom, or group of atoms, the atomicity of 
the product must be on6 less than that of such atom or group of atoms : for the mon- 
atomic atom brings to the compound that is formed only one unit of atomicity, whereas 
two units are saturated by the combination. Therefore, as wo have seen, the number 
of monatomic atoms wit h which any atom or group of atoms can combine, is always 
limited. For similar reasons the total atomicity of any atom or group is the same os 
that of its compound with a diatomic atom. From this follow the several consf^auencos : 
firsts there is a priori no assignable limit to the number of diatomic atoms witii which 
a given atom or group may combine ; secondly, compounds which do not contain 
atoms whoso atomicity is represented by a liigher number than 2, never contain more 
than two monatomic atoms; e.g. water, H*0, and suJphydric acid, II S, each contain 
two monatomic and one diatomic atom, while peutath ionic acid, II“S*0*, contains 
eleven diatomic, but still only two monatomic atoms ; tliirdJy, compounds containing 
the maximum number of monatomic atoms do not liecome able to .combine with a 
greater number tlirou^h union with any number of diatomic atoms ; e. g, hydride of 
hexylene, contains the maximum of monatomic atoms, but mannite, 

differing from it by containing O* additional, is not capable of further combination 
with monatomic atoms. When a triatomic atom enters into combination, it brings to 
the compound three units of atomicity, and two units are saturated by the combina- 
tion, 80 that the entire atomicity of the product exceeds that of the original substance 
by one. Hence, when a triatomic clement, as nitrogen, combines with a group already 
containing the maximum of monatomic atoms, the group becomes able to take up an 
additioniu monatomic atom ; accordingly, we have many compounds which differ Iw 
NH, or a multiple of it, r. o., C*H* (hydride of ethyl), C*H^N (ethylamino), C*H*Ii* 
(e^ylene-diamine) ; C*H*0 (aldehyde), C*H*NO (acetamide) ; (acetic acid), 

C*H*KO* (glycocine). When a tetratomic atom is ^ded to a group, the total atomicity 
of the nroo^ in like manner exci^s that of the original subston^ by 2. Hence the 
possibility of the many series of compounds of which the terms differ by CH* or hj a 
multiple UiereoC 
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It will be understood that the foregoing remarhs toucUng the combining capacitr 
of various atomic groupings, and the way in which it is afiected by the addition of 
atoms of various kinds, have reference onljr to the highest nuTnber of monatomic atomsi 
that is ever found in combination with a given number of polyatomic atoms ; and that 
it is by no means intended to imply that all compounds contain, or even show any 
great tendency to combine with, the whole number of monatomic atoms which the 
rules above given indicate as the maximum in each case. Several compounds not 
containing the maximum of monatomic atoms have already been incidentally referred 
to ; but it is necessary that the constitution of such compounds should be somewhat 
more specially discussed in relation to the theoiy of the definite combining capacity 
of the elementary atoms. 

According to this theory, there are four different ways in which it is possible for 
two tctratomic atoms, for instance, two atoms of carbon, to combine. Two such atoms 
may mutually saturate, cither the whole, three fourths, one half, or one fourth of each 
other’s combining capacity, as expressed by the following diagrams : — 

rm rm rm mn 

LLJ J 1_LU I I I I till 

Bach atom Bach atom Kach at'>m Barh atom 

completely taturaled. f saturated. | saturated. ^ saturated. 

The first diagram probably represents some variety of free carbon ; the second, third, 
and fourth, the manner in which the two carbon-atoms are combined in acetyleno, 
C*H*, ethylene, and hydride of ethyl, respectively. In the last of tliese 

bodies, one unit only of the combining capacity of each carbon-atom is saturated by 
the other, leaving three units of affinity belonging to each free for comliination with 
hydrogen ; and it is plain that two atoms of carbon can only combine with a larger 
number of hydrogen, or other monatomic atoms, than are contained in this compound, 
when they are entirely uncombined with each otlier. In ethylene and acetylene, on 
the other hand, the two atoms of carbon are so combined tliat, if we may so speak, 
they can combine with an additional number of monatomic atoms by loosening, mth- 
out entirely giving up, their hold upon each other. And in all compounds in which 
the proportion of monatomic to polyatomic atoms is below the maximum indicated by 
the formula given higher up, wo must, unless we suppose the atomicity of the el(.‘moi)t,s 
to be variable (in which case the word atomicity ceases to have any Bpccinl nieaniugb 
suppose that a greater or lesser number of the polyatomic atoms are combined in a simi- 
lar way. But, in the great majority of such cases, the composition alojie of a compound 
does not enable us to decide as to how many of its polyatomic atoms are in this kind 
of more intimate union with each other. For example, allylene, C*1F, homologous with 
acetylene, might, so far as its mere composition is concerned be constituted either 

th.uB I j j j I I I I or thus | | | | | | | | ; its properties, how- 

ever, would be somewhat different in the two cases. It would not be possible to com- 
bine a compound constituted in the first manner with two atoms of hydrogen, without 
transforming it into propylene, C*H* or an isomeric body ; but it would doubtless be 
possible, under appropriate conditions, to cause a botiy constituted in the second 
manner to split up, by th$ addition two atoms of hydrogen, into marsh-gas, CH* 

•' I j j {’ “dacetyleae, 

In the preceding part of this article, wo have tried to show that those of the elements 
which have been sufficiently studied may be divided into distinct classes, according to 
the manner in which they enter into combination, and further, that each element pos- 
sesses a certain definite atomic combining capacity, which regulates the formation of 
its most complex as well as of its simplest compounds. By the application of this 
principle of the definite atomicity of the elements, it would bo easy to construct tables 
showing all the possible combinations of each element; all compounds whose constitu- 
tion was sufficiently understood, might then be classified by inserting them in their 
places in these tables. But since the place of any compound would be determined, 
not only by its composition, but also by the mode or order of combination of its atoms, 
a point concerning which we hare, in most cases, no definite knowledge, such a 
system of classification would not he widely applicable in the present state of che- 
mistry. Onr acquaintance with the (peat majority of the more complex compounds con- 
sists in the knowledge of transformations, by whi^ only a small number of their atoms 
are affected. It has, therefore, been found Jonvonient, for the purposes of classification^ 
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to regard vaeh compounds as consisting of two parts, namely, the atom or atoms which 
take part in theb known transformations, and a residue, or nucleus, or radicle, which 
is ^lnaffected by these transformations, and appears ^ a constant constituent in all 
tJie products to which they give rise. By aid of tliis convention, the classification 
founded upon the atomicity of their elements, which, as wo have seen, is applicable to 
the more simple compounds, may be extended so as to comprehend all tolerably well 
known substances. The radicles, whose existcuco this view suppose^ may be of any 
degree of complexity ; their nature and thoir relation to the compounds in which they are 
contained will be most easily understood by considering a few of the simplest of them. 

Efydrochloric acid, HCl, water, H®0, ammonia, H*N, and mai'sh-gas, H^C, have al- 
ready been shown to be compounds, each of which ma3' be taken as the rei>iv8eutative 
of a whole class of bodies. If wo imagine 1 atom of hj^drogon to be removed from each 
of these substances, it is plain that the residues Cl, HO, il®N, H*C, will each bo able 
to combine with an atom of hj'drogon to reproduce the original compounds, or with 
some other monatotme atom, such as chlorine or potassium, to form such bodies as : 

KCl. Cia; KHO, ClHO; KIPN; KH*C, C1H*C; Ac. 


It is plain also, since 1 at. of a diatomic element is equivalent in combining capacity 
to 2 monatomic atoms, that 1 at. of oxygen, sulphur, &c., will combine with 2 at. of 
each of tliese residues, or with two diflerent residues at once, or with 1 ut. of a residue 
and w'ith 1 at. of a monatomic clement, forming such compounds as tho following : 


“i 


Cl 

Cl* 


o 


UPC 

H»C» 


O 


UPC 




IPC 


o' 


IPC 
K » 


Ac. 


1‘or similar reasons, it is evident that 1 at. of a triaitomic element will combine with 
3 at. of such residues, or with 2 at. of residue and 1 at. of a monatomic element, or 
W'ith 1 at. of residue and 2 monatomic elomcntaiy atoms, c, g , : 




Cl 

Cl, 

Cl 


(H«C 

(n»c 

(H*C 

( 

lSr^H»G, 

NUl'^C* . 



(h«o 

(Hoc^t 

hi 

( 


H»0 

g • 


&C. 


In like maimer, 1 at. of a totratomic element will combine with 4 at. of residue, or 
with 4 at. partly of residue and partly elementary, e, g . : 


Cl 


UIO 


rno 

Cl 

Cl* 

r ^ 

c- ^ 

^ II » 

‘^1 

- 

j£ , Ac, 

Cl 


Jl 

1 

II 


From all this it follows that theso residues or radicles follow the same laws of com- 
bination with the elementary bodies of different classes as do tho monatomic elements 
themselves. Further, they combine also with one another acrordinj^ to the same laws 
as are followed by elementary monatomic atoms ; that is, they combine together in tho 
proportion of 1 at. to 1 at, e, g, : 


Cl 

+ 

n»c 

C1H»C 

Chloride of methyl. 

HO 

'!• 

U*C 

« OH'C 

Methyllc alcohol. 

H*N 


n»c 

- NH*C 

MethyUmlne. 

H*C 

-h 

H*C 

- n«c» 

Free methyl, 


But, just as there are not only monatomic but also polyatomic elements, so there 
are polyatomic as well as monatomic radicles. If we suppose IP to be withdrawn 
from each of the compounds H^O, IPN, H^C, it is evident that tho residues O, 
HN, H*C, will have the properties of diatomic radicles, the comiK>iind ra^licles IIN and 
HK3 being similar in their combining capacity to the simple radicle O, just as tho 
compound radicles HO, H*N, and H*C. resemble tho simple radicle Cl in thoir com- 
bining capacity. After the detailed illustration of the properties of the monatomie 
radicles pven above, it is not necessary to dwell umb the characters of tho diatomis 
radicles, since what has been said of tho former applies, mutatis muiandU, to tho latter. 

In like manner, the abstraction of II* from andH^C gives the triatomic radiclM 
N and HC ; and the withdrawal of from any normal compound leaves a tetratomw 
radicle ansI<^ous in properties to the simple radicle C, which results from the with- 
drawal of H* tern H^C. 

• H»C* m H«C* — II ; It • r«»Wue or radicle coupsrsble to li*C. 
t H*»C» a - H. 
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Altltoaffli, in considering the properties and combinations of these or of other com. 
pound radicles, ve may confine our view to their analogies with the elementary bodies 
and regard their atomicity m an ultimate properly, which, like the atomicity of the 
elements, is not to be explained, it is easy to see that the atomicity of the radicles of 
which we have spoken, is the direct result of their composition and the atomicity of their 
component atoms. It only requires to be put into words to be at once evident that, if 
one, two, three, or more monatomic atoms be removed from any normal compound what* 
ever, the remainder will be a substance possessing one, two, three, or more units of 
atomicity free for combining with other bodies, and therefore, as to its power of com- 
bination, exactly analogous to an atom of an element whose atomicity is represented 
by one, two, three, or a higher number. Hence the derivation of any compound 
radicle determines its atomicity. The maximum atomicity of a radicle may also be 
always deduced from its composition by means of the formula A + A' + A" + .... 
— 2(n — 1), in which A, A', A", &c., indicate the atomicities of the elementary atoms, 
monatomic as well as polyatomic, of which the radicle is composed, and n the number 
of atoms it contains, from this formula it follows that a compound radicle’ can never 
consist of monatomic atoms only ; that radicles containing only diatomic atoms are 
always diatomic ; and that the atomicity of radicles containing only tetratomic, or tetra* 
tomic and diatomic atoms, is always represented by 2, 4, or some other even number. 
It follows also from the same formula, and from what has been previously said as to the 
composition of complex compounds in general, that, starting from the simple radicles 
already described, there may exist series of r^icles of the same atomicity in which 


the common difference is 


G 


For example : 
Common difference^ | 

Cl O 

CIO SO 

CIO* SO* 

CIO* 

CIO^ 



From these, considered as primary radicles, so-called derived or conjugate radicles may 
arise by equivalent substitution; for instance, by substitution of Cl, Ur, or I, for H ; of 
O or S for H* ; of S for O ; of N for H*, or for HO*, &c. ; or of NO* or NH* for H ; or of 
SO* or CO for H*, or generally of any radicle for its equivalent. Again, still other 
radicles exist differing from these by containing some multiple of H* (or its equiva- 
lent) less than they do, but possessing the same atomicity ; for example, we have 
ethyl, C*H*, and vinyl, C*H* ; trityl, C*H*, and allyl, C*H*; propionyl, C*1I*0, and 
acpyl, C*H*0 ; hexyl, C*H**, and phenyl, C*H*; all of them monatomic radicles. 

Hence it follows that triatomic radicl<*s may often be isomeric with monatomic 
radicles; for example, acetyl (Berzelius) C?*H*, triatomic, with monatomic; 

glyceryl^ C*H‘, triatomic, with allyl, C*H*, monatoniie ; in like manner, tetratomic 
and diatomic radicles may be isomeric with each other; for example, tartryl, C^H^O*, 

tetratomic (tartaric acid |^*)» withy«wa;yf, C*IFO*, diatomic (fumaric 

acid =s ^ I O*). In such op es, we must suppose that the carbon (or other 

polyatomic atoms) of the radicle^^ich contain a smaller proportion of hydrogen, or 
which have a lower atomicity, are 'teore intimately combined with each other than they 
are in those which, having the same atomicity, contain a larger proportion of hydrogen, 
or with the same composition have a higher atomicity. 

^ We have hitherto spoken only of the composition and atomicity of compound radicles ; 
it remains to explain a little more fully the grounds upon which their existence in 
various compounds is assumed, and what that assumption is intended to imply. It 
has been said that compound radicles are groups of elements which are contained in 
a greater or lesser number of bodies, and are unaltered in the reactions by which one of 
these is transformed into another. For instance, the bodies of the following series 

C*H*0 Oil of bitter-almonds, 

C*H*CIO Chloride of benzoyl, 

C*H*0* Benzoic acid, 

C*H*ON Benzamide, 

C*H*ON , . * . , Cyanide of benzoyl 
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contain tho group C^HH) (benzoyl) aa a common conatituent wbiob remains unchanged 
when they are tranafonned one into another. Now the reactiona by which these trana* 
formations are effected sae essentially quite similar to those by which the following 
bodies are changed one into another: — 


KH(?) . . . . 

. . * « Hydride of potassium. 

HCI • • « • 

. . . Chloride of potassium. 

KHO • • . • 

. . . Hydrate of potassium. 

KH*N .... 

. « « Potassamine. 

KCN .... 

• • . Cyanide of potassium. 


This analogy is hidden if the formulm of the bodies of the former series are written 
as above ; but if they are written as containing the compound radicle benzoyl, 0*11*0, 
the analogy becomes at once apparent : 


(C*HH))H , . . Hydride of benzoyl, or oil of bitter-almonds. 

(C'H*0)C1 • . . Chloride of benzoyl. 

(C*H*0)H0 • . . Hydrate of benzoyl, or benzoic acid. 

(C*H*0)fl’N . . . Benzamido, 

(C^H*0)CN • • . Cyanide of benzoyl. 

These latter formulae express that the bodies represented by tliem are functionally 
analogous to compounds of the monatomic elements, and that they respectively possess 
tile general properties of those classes of bodies of which HCI, H^O, 1I*N, &c., are the 
typical representatives. 

The precise nature of the radicle which any substance is repro.sentcd as containing 
will naturally vary according as it is desired to express the relations of the sub- 
stance in question to this or that series of other bodies, or its capability of undergoing 
this or that series of transformations. If, for example, we wish to express tlio i*elation 
in which acetic acid stands to aldcliydc, ehloride of acetyl, acetaniide, &c., we shall 
do so most simply by repre^senting it aa the hydrate of tlio compound radicle acetyl, 

C*H’0, thus, ji > 0. But if it be desired to express also that, by distilliition with 


excess of alkali, by electrolysis, or bv distillation with arsctiioits a<*i(l, acetic acid is 
resolved into a compound of tlie inetbyl series and a compound of tliu carbonic series, 
and that it can be formed from sodium-methyl and carbonic anhydride, or from 
cyanide of methyl by the action of alkidi, this must be expressed by representing the 
radicle C*H*0 us composed of the simpler radicles CH* and CO; and if wo fui titer 
wish to express the analogy of acetic acid to formic acid, we must write acetyl thus, 
C\CH*)0, or as formyl, CHO, in which hydrogen is rejjhujed by methyl: tlio whole 


formula of acetic acid tlien becomes 0. Similarly, in order to express the 


relations of acetic acid to still other sots of compounds, we are obliged to ropn'sent it 
as containing radicles of continually simpler composition, until linaJiy wo come to 
represent it as built up from elementary atoms ; for instance, thus : 


c n o 


rm n n 


I I I UJJ I 

u li a 11 

Hence the idea of a compound radicle is seen to be entirely relative, the same body 
from one point of view appearing to contain one compound radicle, and from another 
point of view appearing to contain a different one. A comparison of the definition 
of an elementary My, given near the begining of this article, with Hiat of a coni^>onud 
radide, shows that compound radicles bear thesame relation to certain more or less limited 
sets of chemical processes that the elements bear to all the chemical processes known. 

The application of the principles which w’o have been (liscub-sing, to the cla8sifleiitir)n 
of chemical compounds generally, is illustrated by the following table, which is arnodi-^^ 
ffcation and extension of that given by Gerbardt ( TraiUy iv. 612, 613), and rnproduc*ed 
in Graham*$ Elements of Chemistry (2nd edit ii. 628, 629). By referring to tho de- 
tailed comm ntaries by which Oerhardfs table of classification is followed in the 
pUuses refeired to, the reader will be able to understand fully the meaning of this table 
without requiring farther explanation in this placei 
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Con^undt eomparabU to ByOroobl^rlo Aoldf 
HCL 

Compounds comparabk 

Containing mon- 
atomic r^icles 
(Chlorides, Hy- 
drides, &c.) 

Contalnlnff di- 
atomic radicles 
[Dichlorides, 
DihydrldeSt&c.) 

Containing 
triatomic ra- 
dicles (TrU 
chlorides, 
Trihy- 
drides,&c.) 

Containing 
totratomic 
radicles 
Tetracnio- 
ridcs, 
Tetraby- 
diide^, &c.) 

Containing mon. 
atomic radicles 
(Oxides, Ac.) 

Containing dl- 
atomic radicles 
(Dioxides, &c.) 

Baslo obloi 

Haloid salts, 
(chluride of po. 
tasslum, KCl) 

Metallic hydrio 

Metals proper 

(potassium, KK.) | 

rides, li^drls 

(chloride of 
mercury, 
UgCli), 

lea (hydride oi 

ind alloys. 
(silver-amal- 
gam.) 

ies, oyanli! 

(chloride of 
antimony, 
SbCP). 

‘copper, ^'c. 

les, Ac, 

(chloride 
of tin, 
SuCP) 

Sasic 03 

1. Primary, or hy~ 

dratea (hydrate 
of potassium, 
KHO). 

2. Seermdafy, or 

anAvrfrtWrs (ox- 
ide of potas- 
sium, K^O). 

tides, snlplildef, 

1. Primary (hy- 

drate of calcium, 
CaH20«). 

2. Secondaiy (stKla- 

lime, 

Alooboli 

Halogen ethers, 
(chloride of ethyl, 

Metallic compel 

(potnssium-ftbyl, 

lo olilortdeBi 

(chloride of 
elhvlene, 
C2H-‘Cl*). 

mda of alcohol 
(zinc-etityl, 
Zn(C!*H^)«). 

bydrides, 

(trlchlnrhy- 

drine, 

cans CP) 

’^'•radicles, 

(iMsnietliyl. 

iii<cnr)»). 

Ac. 

(phinib- 

ethyl, 

Pb(Cfll»;«). 

d 

1. Primary (com- 

mon alcohol, 
(C'-<H')I10). 

2. .Jrctwrfory (com- 

mon ether, 
(OflPpO). 

Jcobollc ojEldei, 

1. Primary (glycol, 

2, Secondary, 



i 

0 


Xatei 

Monatomic oxv- 
salts and ethers 
(cldorateof potas- 
sium, (Cl O’lKO; 
acetate of ethyl, 
(C«1130)(C2I1»)0). 

mediate o3d(les, 

Diatomic oxy salts 
and ethers (sul- 
phate of potassium, 
(80<2}K2U2{ sul- 
phate of ethyl, 
(S0*)(C*H9)20*) 

Aold( 

Aci-chlorides. 
(chloride of 
acf'iyl, 

(cni^o)ci). 

Aldehydes^ aee\ 
(acetic aldehrde, 
(CWOHt 
acetone, 

(C*H»0)(OT»)). 

Dlilorldes, b 

1 (chloride of 

1 succinyl, 

1 (C<H«OajCl*). 

ioneSt 

7«rU(|^’a 

(chloride of 

Ot 

1. Primary (acetic 
acld,(CzU30)H0). 

2. Sreondary (ace- 

tic anhydride, 
(C*H*0)<0). i 

Jbcld oxldsif 

1. Primary ($u}ph»r\c 

acid, (S0»)H*0*). 

2. Secondary (succi- 

nate of ethylene, 
(C<H<0*XC*H*)02). 












«rater» IPO. 


Compounds comparable to AmmonUL, 


ConUfning te- 
tralomic radicles 

ConUlnlng mon- 
atomic rridicles 

Containtne di- 
atomic- raaiclet 
(Dlamineanad 
Dtainiiles). 

Containing triatomic 
radicles fTriamlnes 

(Tetroxldes, &c.) 

(Amlufls and Amides). 

and Trlamldei). 



aatlo nltridast phospbldaBy wraenldest 4 ^. 


3. Secondarg, 


patniisunn, R-^N). 


1. Prx^nary 
(smoainide, 

1. Primary, 

sTuI^N^). 


2, Secondary, 

8. Stwadary- 

3. Ternary (ni- 
tride of xinc, 
7ii3N«). 

S. Tertiary, 


i— 

0« 

AloeHello nltridee. 

phoephldeif 4lOb 

1. Pr/»iar|r. 

1. Prixnary 
amine, (C^ir’Jir'^N). 

1. Prt»Miri^(ethyU 
enediamlne, 

1. Primary, 

. 3, Secondary, 

2. Secondary f diethyl- 
amine, (C-llV***!^)- 

2. 5rcoiirf<iry (dl- 
ethylenedliitnine, 

2. Secondary, 


3. Tertiary (trlrthvl- 
amine, 

3. Tertiary (trl- 
(•ihyleiieiliiiiiiine. 

3. Tertiary, 


ilplildeSf 4^0* 

, Primary 1 1 

i^tyrerin, I 


I<l« of Klyceryl. 
(C3ll^j»03). 


olphtdeia 4bOi 

['rUtomlc oxT- TetrAtoralc oxy- 
utti and cthert lalti and trthr ri 

(l'l>04[ihate of (orttioiiticatea , 

bi'^inuth, ortliosilicato 

of ethyl, 

phoaphato SI(C»lP)*0<). 

<'f ethyl, 

P<)»(C^H5)303). 


lUptlldMt AA. 

rrfmffr^(phoi-| 1. Primary (Ur- 
phoricacid, I tarieacla, 

(ro)n»(P). (cm*oa)H<o<). 


S. Second- 
ary, 


8. Tertiary, 


I, Primary, 


3, Second- 
ary. 

8. Tertiary. 


Intermediate nltrtdesp phoeptaldee, Ao. 

Monalkalninldea DIalkHlamIdci, Trialkaltimidf* I 'rctralkul- 

bW«ri.N; 

ailv*T-auctainid'-» I 

At5(C^li50)llN). 


AoM 0ltrld«ii pbMpUdM, AO. 

1 J>rf«ii<ir»(ac<-tiiii)Ue,ll. fr/moiy 1. i'riii^(pSoi- I. Primart. 


•• Serandofy i Secandary* 
O'hoinhoric 
anhydride, 

(toyo^). 


S. r<r««r»(dlben...,|. ». 7V,</»«. S. TfrM»r. »■ TnUum. 

iulpho-phetij'lani'ilf. JSSK*' 

( C' H*0 /*( c» rti SO»>N >. (C • J I 'UO* N»>. 
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CLASSIFICATION. 


The groapB into which chemical enbatances are here dirided, jnB,y be coDsidered aa 
representing the principal varieties, bnt they are far from including all chemical com- 
pounds. By means of polyatomic radicles, molecules may be buHt up of much greater 
complexity than any shown in this table. There appears to be no assignable limit to 
the number of such compounds or to the degree of complexity which they may reach. 
Without discussing these bodies at length, we shall be able, by a few examples, to illus- 
trate their nature and their relation to more simple substances. One of the most re- 
markable series of bodies of the kind to which we refer, are the polyethylenic alcohols 
of Louren 90 and Wurtz. These chemists have shown that glycot (C“H')H*0*, is able 
to fix upon itself the elements of several molecules of oxide of ethylene, so as to give 
the following series of products : 


(c®e:<)®h»o* (c®h<)*h*o* ( cm ^ ywo * 

Diethvlenic Xriethiienic TeCretliylenic 

alcohol. alcohol. alcohol. 


(cm*ywo^ 

Feiitethylen c Hexvthylenfc 

alcohol. alcohol 


The principal transformations of glycol (monethylenic alcohol) itself are most conro- 
niently expressed by representing it as containing the diatomic radicle ethylene, 

With this radicle we must suppose the 2 at. of oxygen contained in glycol to be com- 
bined in such a manner that hf^ the combining capacity of each is saturated by half the 
combining capacity of the radicle, the other h.^ of the combining capacity of each atom 
of oxygen being saturated by an atom of hydrogen. This view of the constitutiuu of 

H (O 

glycol is expressed by the following formula, . Thus regarded, glycol may 

H 

be compared to water by representing it as two molecules of water in which IP is re- 
placed by The polyethylenic alcohols then become comparable to glycol if 

viewed as 3, 4, 5, &c., molecules of water in which respectively (C^IP)*, 

(C*H*)^ &c., replaces an equivalent quantity of hydrogen. This comparison is ex- 
pressed by the formulae by which these compounds are represented above ; but their 
relation to glycol becomes perhaps still more apparent if the same formulse be writ ton 
a little differently, so as to be directly comparable with that last given for glycol. 
Below are the formula of some of them so written, side by side with sulphur-com- 
pounds, which may be regarded as of analogous constitution. 



Cl [O 

(sr 

Cl { o 

ChloroiuU 
phurlc acid. 


H 

{cm*y 

H 


Dlethylenic 
alcohol 
(m C-»H»oos). 


K 

(sy 


T\ 


o 

0 

1»> 


Bjposulplilte 
or pocasBiutn 
(«S2K*0*>. 


H 

(cm*y 

(C^K*y 

(C*H«)" 

(C'H*)" 

H 


0 

lo 

0 

o 

0 

o 


PentHhylenic 

alcohol 

(ai C>®H«0«). 



of potMBiiun 
(a 85K*06). 


After these remarks, and wha^has been previously said about the combinations of 
polyatomic elements and radiclefe|ji general, the following table will be intelligible 
without farther explanation. Inf^es a list (probably almost complete) of the known 
compounds containing two or more atoms of the same carbonated radicle, and a few 
examples of compounds containing radicles composed of other elements, such as sul- 
phuryl (SO*) and phosphoryl (PO). Many other examples of compounds of a similar 
nature might be found among mineral sulwtances both natural and artificial, and there 
can be litde doubt that the complex silicates and other minerals belong to this class 
of compounds. In the table, componnds of the same radicle are arranged on the same 
horizontal line those referable to the same type are arranged in the same vertical 
column. 




Fleitmano aiwj 
Uttoeberg. 
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Classffieation according to Tgpec (continued). 


- 

Compounds 
referable to the type 
H»N». 

Compound! 
referable to the type 









Compounds containing the 
radicle ethylene^ 

{(Botaifktted). 


js 1 N» 

H2 ) 








Hofmann. 

Hofhiann. 


A little reflection upon what has been said (p. 1017) on the nature of compoun'’ 
radicles, and on the sense in which they are employed, will make it clear that a olu^si 
fication of compounds by means of them, according to types, such as that illiisfrat**.' 
in the two tables given, pp. 1018, 1019, 1021, 1022, expresses all we know of tlnii 
general chemical properties. For the classification of a number of substances as con 
taining the same radicle, expresses that they are mutually convertible by comparatirtlv 
simple processes, that is, that they are genetically related, — while the classiflo:itioii di 
any set of bodies by reference to the same type, expresses that they are capabU' oi 
undergoing similar transformations, and are therefore functionally related. All oui 
strictly chemical knowledge, however, consists in a knowledge (1) of the natmv aii^ 
proportion of the elements of which substances are composed ; (2) of their genet u 
relations, or of the bodies from which they can be formed, or to wliich they can give 
rise; and (3) of their chemical functions, or the transformations w’hich they caiuseoi 
undergo when they react with other bodies. In the foregoing pages, we have acoord- 
ingly endeavoured to point out the leading principles which must be kept in view ir 
classifying chemical substances with reference to considerations of each of these tliw 
kinds, considering however at the greatest length the clussiflcatlon of bodies aceonlinii 
to their composition; partly because much less attention has been paid to tin* 
subject, in the existing literature of chemistry, than to their genetic and functiotia 
relations, but chiefly because composition is the most fundamental of all chemical pm 
porties, and the manner in which all other chemical properties depend upon it is th( 
fundamental problem of chemistry. Throughout, w'e have endeavoured to distingui.sl 
between ideas and mere forms of expression, rendered convenient by the existing stat4 
of the science. 

The order and system which has been followed in this article, has made it impos 
sible to trace the historical development of the ideas therein set forth. The following 
list of Memoirs of theoretical importance will be of assistance to such readers as wisl 
to trace that development from the birth of Organic Chcmistiy to the present time 
many otlier memoirs of equal importance with some of those enumerated, might hav< 
been quoted ; but in a large number of these, references are given which will serve a 
a guide to thq^e who wish to puvue the subject fui*tlier. 

Iiavoisier {Compound radm^)^ TraitSAl^mentaire de Chimie (edit. 1789)» 1^^ 

209. 

Dumas and Boullay {Compound eiheroX' Knn, Ch. Phys. xxxrii. 16 (1828). 

Wohler and'Liebig {Bmzoyl compounds^ Ann. Ch.Pharm. iii. 249 (1832) ; Ann 
Ch. Ph^s. li 273. 

Beraelius {JRadude of the bencoie compounds), Ann. Ch. Pharm. iii. 282 ; Ann. Ch 
Phys. U. 308. 

* Berzelius {Radicles of alcohol and its deriffaiives\ Jahresber. (1833), xiii. 189 
Pogg. Ann. xxviii. 617 ; Ann. Ch. Phys. liv. 6; extract, Ann. Ch. Pharm. vL 173. 

Liebig {Ei^f), Handworterb. d. Chemie (!«• Auflage), article Mther ; Ann. Ch 
Pharm. ix. 1 ; Pogg. Ann. xxxi. 321 ; Ann. Ch. Phys. Iv. 113 (1834). 

, Liebig (Acetyl, constitution of acetic acid, &c.), Ann. Ch. Pbann* xiv, 133 (1836) 
Fogg. Ann. xxxvL 275. 

Dumas {Substitution), Ann. Ch. Phys. IvL 143 (1836) ; Tniit6 de Chimie app]iqu6< 
sox Arts, Y. 99 ; J. pr. Chem. vii 293. 
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Laurent [Nucleus tkeoty), Ann. CJh. Pbys. Ixi. 125 (1836). 

Gerhardt [Conjugated eompounds\ ibid. IxxiL 184 (1838). 

Dnmae [8ubstUution\ Compt. rend. x. 149 ; Ann. Ch. Pharm. xxxiii. 259 (1839). 

Gerhardt (Atomic weights of oxggen, carbon^ &c.), Ann. Cli. Phys. [3] \il 129: 
Tiii. 238 ; Precis de Ohimie organique (1844), i. 47. 

Gerhardt [Nomologg), Precis, ii. 489. 

Laurent [Law of even numbers of atoms; nature of the elemnUs in the frte state; 
monads and dyads), Ann. Ch. Phys. [3] xviii. 266 (1846); Chemical Method, 46->96, 
et passim. 

Wurtz [Com^nnd ammonias), Compt. rend, xxviii. 233, 323 (1849); xxix. 169: 
Ann. Ch. Pliys. t^] aexx. 443 ; Chem. Soc. Qu. J. iii. 90. 

Hofmann [Compound ammonias), Phil. Trans. 1850, i. 93; Chem. Soc. Qa. J, iii 
279. 

Williamson [Mixed ethers, ethcri feat ion), Chem. Soc. Qu. J. iv. 106, 229 (1851). 

Williamson [Constitution of salts), Chem. Soc. Qu. J. ix. 350 (1851). 

Gerhardt and Chancel [Constitution of organic compounds), Compt. chim. (1851), 
vii. 65. 

Gerhardt [Basicity of acids), Compt. eliim. (1851), vii. 129. 

Gerhardt (Anhydrous organic acids; classifcatkm by types), Compt, rend, xxxir. 
755, 902 (1852); Chem. Soc. Qu. J. v, 127. 226; more fully Ann. Ch. Phys. [3] 
XXX vii. 285 ; Dumas’s Report, Compt. rend, xxxvi. 505. 

Her the lot [Synthesis of fats; nature of glycerine), Ann. Ch. Phys. xli. 216 
(1853—54). 

(Idling [Constitution of salts ; polyatomic radicles), Chem. Soc. Qu. J. vii. 1 (1854). 

Wurtz [Theory of glyctrmc-compounds ; polyatomic radicles), Ann. Ch. Phys, [3] 
xliii. 493 (1855). 

Wurtz [Mixed radicles), ibid. xliv. 275. 

Gerhardt and Chiozza [Amides), ibid. xlvi. 129 (1855 — 56). 

II. L. Bxiff [Poly atomic radicles), pi^c. Roy. Soc. viii. 188 (1856), 

Wurtz [Diatomic alcohols), Compt. rend, xliii. 199; Ann. Ch. Pharm. c. 110; more 
fully, Ann. Ch. Phys. [3] Iv. 400 (1856—59). 

Kekul5 [Mixed types, radicles, &c.), Ann. Ch. Pharm. civ. 129 (1857). 

Kekul5 [Ditto; Utraiomic character of carbon), ibid. cvi. 129 (1858). 

Couper [Atomicity of carbon and oxygen), Ann. Ch. Phys. [3] Hii. 504 (1858); 
Ann. Ch. Pharm, cx. 46 (here followed by critique by Puttlerow, 1859). 

Kol h(i[Cu}tstitu(ion of lactic acid), Ann. Ch. Pharm, cix. 257 (1859) ; same subject^ 
ibid, cxiii. 223 (1860). 

Foster (Nature of radicles and types), Brit. Ahsoc, Reports, 1859, 1. 

Wurtz [Basicity of acids), Ann, Ch. Phys. [3] li. 342 (1859). 

Cahours [Comltining capacity of the elements; limits of comhinatio7i), Ann. Ch, 
Phys. [3] Iviii 5 (1860). 

Frankland [Same subject), Chem. Soc. Qii. J. xiii. 177 (1860). 

Wurtz [Constitution of lactic acid), Ann. Ch. Phys. [3] lix. 161 (1800). 

Cahours (Same suljcct), Ann. Ch. Phy.s. [3] Ixii. 257 (1861). 

Buttlerow [Atomicity if the elenunis), Zritsclir. Cliem. Pharm. iv. 549 (1861). 

Erlenmeyer [Sarne sulgrct), ibid. v. 18 (1862). 

Kolbe [Classtfcaiion of organic bodies), Ann. Ch. Pharm. cxiii. 293 (1860); 
Critical remarks by Wurtz, R5p. Chim. i>urc, ii. 354. 

Laurent, M5thode de Chiraie, 1854 ; Cavendish Society’s translatton, 1855. 

Gerhardt, Trait5 de Chimio organique, 4 vols, 1853—56; especially i. pp, 121— 
142, iv. pp. 561—808. 

KekulA Ijehrbuch der organischen Chemie, vol. i. (1859 — 61). 

Odling, Manual of Chemistiy, part i. (1861). , G.C. P. 

CAAVSTKAUTS* Native sclenide of lead. (Sc*e Lbxd.) 

This term is applied to hydrous silicates of aluminium, pi^accfd for the 
wwMit part by the decomposition of felspar rocks, and generalW mixed with small quan- 
tities of other eubetanees, chiefly lime, magnesia, and oxide of iron. ^Th© clays exhibit 
the following general cWacters; — They are opaque, non-crystallised bodies, suffi- 
ciently soft to be scratched by iron ; they have a duU or even earthy fracture ; they 
exhale^ when breatfied on, a peculiar smell called argillaceous. The clays form with 
uniter a jdastic pastes possessing considerable tenacity, which hardens with heat, so as 
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to Btrike £re with st^l, M&rh and chaik» aJim soften in water, but their paste is m 
tenacious, nor does it acquire a siliceous habeas in the Av. The aMnity of ti 
days for moisture is manueated by their sticking to the tongue, and by the mu^j^ 
heat necesaary to make them perfeetiy dry. Those which contain iron turn red when 
burnt. Clay is often mixed with quartz, and contains fine particles of felspar, mica, and 
beiyl, showing that it has been produced by the decomposition of felspar or granite. 

The principal varieties of clay are the following: - ^ 

1. Porcelain earth, the kaolin of the Chinese. — This mineral is iHable, meagre to the 
touch, and, when pure, forms with difficulty a paste with water. It is infusible in a 
tKircelain furnace. It is of a pure white, vejging sometimes upon the yellow or flesh- 
red, Some varieties exhibit particles of mica, which betray their origin to be from 
felspar or graphite granite. Porcelain clay scarcely adheres to the tongue. Specifiij 
gravity 2*2. The average composition of kaolin, when separated from free silica and 
undeconiposed felspar, is 47 per cent, silica, 40 alumina, and 13 water, agreeing 
with the formula Al*0*.2Si0* 2 aq. It may he supposed to be formed from ortlioclas<s 

K®0.A1^0®.6Si0® by abstracition of the W'hole of the potash and ^ of the silica, ami 
addition of 2 at. water. Some varieties, however, exhibited a di&rent composition : 
thus the kaolin of Passau contains, according to Puchs, 43*65 per cent. SiO*, 35*93 A1^0» 
1*00 Fe^O*, and 18*50 water, besides 0*88 carbonate of calcium, a composition which 
may be approximately represented by the formula 4A1^0®.9SiO* + 12aq. Porcelain 
clay from Gutenberg, near Halle, contains, according to Bley, 39*02 SiO* 46*00 AJ^O^ 
and 10*00 water, together with 0*07 carbonate of calcium, 3*32 carbonate of magnesium, 
and 0'19 sesquioxido of iron, agreeing approximately with 2APO“.3SiO* 4 3aq. 
melsher^a Mineral chetnie, p. 674). In two specimens of Chinese kaolin, Ebelmon 
and Salv^tat (Ann. Ch. Phys. xxxi. 257) found 73*4 and 80*7 SiO*, 44*5 A1*0“, 14'4 
and 12*0 water; in these the quantity of silica is twice os great, in proportion to the 
alumina, as in the ordina^ formula of kaolin (Dana, ii. 250). Kaolin is found in 
primitive mountains, amid blocks of granite, forming interposed strata. Kaolins aro 
sometimes preceded by beds of a micaceous rock of the texture of gneiss, but red and 
very friable. This remarkable disposition has been observed in the kaolin quarries of 
China, in those of Alen9on,andof St. Yrieux, near Limoges. The Chinese and Japanese 
kaolins are whiter and more unctuous to the touch than those of Europe. The Saxon 
has a slight tint of yellow or carnation, which disappears in tlie fire, and therefore is 
not owing to metallic impregnation. At St. Yrieux, the kaolin is in a stratum, and 
also in a vein, amid blocks of granite, or rather the felspar rock wliich the Chinw^ 
call petuntze. The Cornish kaolin is very white and unctuous to the touch, and is 
obviously formed by the disintegration of the felspar of granite. 

• 2. Potters' clay, or plastic clay. — The clays of this variety are compact, smooth, and 
almost unctuous to the touch, and may be polished by the finger when they are dr}’. 
They have a great affinity for water, form a tenacious paste, and adhere strongly to 
the tongue. The paste of some is even slightly transparent. They acquire great so- 
lidity, but are infusible in the porcelain furnace. This property distinguishes them 
from the common clays employed for coarse earthenware. Some of them remain white, or 
become so in a high heat ; others turn red. Specific gravity about 2. The slaty potters' 
clay of Werner has a dark ash-grey colour ; principal fracture imperfectly conchoVdal, 
cross fracture earthy ; fragments tabular, rather light ; it feels more greasy than 
common potters' clay. Vauquelin's analysis of the plastic clay of Forpes-les-Enux, 
employed for making glass-house pots, as well as pottery, gave 16 alumina, 63 silica, 
1 lime, 8 iron, and 10 water. Another potters* clay gave 33*2 and 43*5, of alumina and 
silica, with 3*5 lime. 

Pire-elay IB a very refractory clay, much used in the manufreture of fire-bricks, 

glass-house pots, &c. In this cqiSviy it lies immediately beneath the coal, each bed 
of which rests upon a stratum of this clay, hence called in the mining districts wnder- 
day. The Stourbridge clay is of this character. (See Fibb-Cult.) 

3. Loam. — This is an impure potters* clay mixed with mica and iron ochre. Colour 
vellowish-grey, often spotted yellow and brown. Massive, with a dull gb'mmering 
lustre from scales of mica. Adheres pretty strongly to the tongue, and feels slightly 
greasy. Its density is inferior to the preceding. * ^ 

4. Variegated clay is striped or spotted with wbffi^dnd, or yellow. Massive, wiffi an 
earthy fracture, verging on slaty. Shining streak. -' Very soft, sometimes even friable. 
Feels slighH^ greasy, and adheres a little to the tongue. SeetBe. It is found in 
Upper XaiBatuk 

£ Slate day^^CcHour grey, or greyish-yellow. Massive. Lustre dnll or glim- 
mering from interspersed mica. Fracture slaty, approaching s^etimes to earthy, 
l^gments tabular. Opaque, soft, sectile, and easily broken. Specific gravity 2*6. 
Adheres to the tongue, ana breaks down in water. It is found along with coal, and in 
the fioete trap formation. 
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8 . Oolottr grqr, of various shades, sometimes red, and spotted or 

Btriped. Iffassive. Lustre dull, with a fine earthy thictiire, passing into (Ine-graincd 
uneven, slatjr, or splmtexy. Opaque, soft, and easily broken. Does not adhere to the 
tongue, and is meagre to the touch. It has been found on the top of the PentJond 
hills in Scotland, and in Germany. 

7. Adhaive Colour light greenish-grey. Internal lustre dull ; fracture in 

the large, slaty; in the small, fine earthy. Fragments slaty. Opaque. Streak 
shining. Sectile. Kasily broken or exfoliated. Adheres strongly to the tongue, and 
absorbs water rapidly, with emission of air bubbles and a crackling sound. It is 
found at Montmartre, near Paris, between blocks of impure gy psum, in large straight 
plates like sheets of p^teboard ; also at Monilinontunt, enclosing mcriilite, Klaproth's 
analysis gives 62*5 silica, 8 magnesia, 0*5 uluniina, 0*25 lime, 4 oxide of iron, 22 
water, and 0*75 charcoal. Its specific gravity is 2*08. 

8. Poluhing slate of Werner. — Colour eraum-yellow, in alternate stripes. Massne. 
Lustre dull Slaty fractura. Frtiginents tabular. Very soft, and adheres to the 
tongue. Smooth, but meagre to the touch. Specific gravity in its dry state 0*6 ; 
when imbued with moisture 1*9. It has been found only in llohemia. Its consti* 
tuents are, 79 silica, 1 alumina, 1 lime, 4 oxide of iron, and 14 water. 

9. Cotmnon clay may be considered to be the same as loam, — Desides the above, wo 

have the analyses of some pure cla 3 's, the results of which show a very minute quan* 
tity of silica, and a l^e quantity of sulphuric acid. Thus, in one analysed by Bu- 
cholz, there was 1 silica, 31 alumina, 0*6 lime, 0*5 oxide of iron, 21*6 sulnlinric acid, 
45 water, and 1*5 loss. Simon found 19*35 sulphuric acid in 100 pts. These clays 
must be regarded as basic sulphates of nhiminium. U. 

For analysis of various clays, sco JJrds Dictionary of Arts^ Manufactures and Mines^ 
i. 691. 

CXiAT«BXiJLTB. Argillaceous schist; the Argillite of Kirwan. — Colour bluish* 
prey and greyish-black of various shades. Massive, Internal lustre shining or pearly, 
EVacture foliated. Fragments tabular. Streak greeiiish-w)ute. Opaque. Soft. Sec- 
tile. Easily broken. Sonorous wlien struck with a hard body. Specific gravity 2*7. 
Its censtitueuts are 48*6 silica, 23*5 alumina, 1*6 magnesia, 11*3 sosqmoxide of iron, 0*5 
oxide of manganese, 4*7 potash, 0*3 carbon, 0*1 sulpliur, 7’0 water and volatile matter. 
Clay-slate melts easily before the blowpipe into a shining scoria. This mineral is ex- 
tensively distributed, forming part of both primitive and transition mountains, TJie 
great beds of it are often cut across by thin seams of quartz or carbonate of lime, 
which divide them into rhomboidal masses. Good slates should not imbibe water. If 
they do, they soon decompose by the weather, U, 

CJbAT ZmOJT-BXOim. See Ibon. 

CXuCLYZXa. A mineral from Peru, occurring crystallised and as a crust } of an 
inch thick on quartz. It appears to be composed of 'the sulpharsenites of copper and 
sulphantimonitos of copper and lead. The ciystals belong to the regular syst^^ra, being 
combinations of the tetrahedron with the rhombic dodecahedron. Colour blockish- 
grey. Streak the same. Lustre metallic. Hardness =» 2*6. Sectile. ^ Melts easily 
lH»fore the blowpipe, and gjives the reactions of lead, arsenic, and antimony. With 
soda it yields a metallic globule, which becomes dull on c<^>oling. Possibly a pseudo- 
niorph of fiahl-ore. (W. J. Taylor, SilL Am, J. [2] xxix. 367.) 

O&BAVAOB CBTBTAU. See CRY8TAf.i.o(iRAenY. 

CULAV&AJrBXTB. Soda-febpar. (See Fxi.spar.) 

OXAOXJBAJVBb Syn. with blende or native sulphide of zinc. (See ZiMO)* 

C&BBSAXZS-OABKPBOB. The young branches of CUmatis ftammul^ Cl, tre- 
talba^ CL viiicella^ Cl. erecta, &c., yield by distillation with water, a liqgid which has a 
sharp taste, a pungent odour of radish, and reddens the skin ; when exposed to the 
air. It loses its acidity, and if left to stand in closed vessels, deposits white scales and 
flocks of clematis-camphor. (Braconnot, Ann. Ch. Phys. vi. 73A) 

^X fTt r f. A bitter substance, perhaps C*H'*0* obtained by Wab firom 
the root of Aristolochia dematitis^ 357). 

OmraUBiknlta. SymMh Mabgabitb {q. V.) 

CUXTBUiTOMB or XHOVOXJnnB is a compact febpatbic rock, of grcvbh colour 
and smooth fraetnre, clinking when struck witn a hammer, somewhat like a metsL 
Specific gravity -«2'2— 2*4. 

Ct3UCBroOB3bOBBL A mineral having the same composition as chlorite (i. 918)f 
but dififeriim from it in crystalline form, inasmuch as it belong to the trimetric lysten^ 
^•dieteas chlarite is rhombobed^ The crystab of clinochiore are hemihednu, and 
Vou I. a U 
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faBYD B micaceous atructiire, the cmtallisinff planes often fbnniiiff equilateral trianelM 
It is optically biaxial, the angle oetween &e axes being 84® Sff (or 80® to 86®) ; ths 
plane of the axes is perpendicular to the cleayage-surface, but the two axes are on. 
equally inclined to this surface, one at 54® the other at 30®. It occurs in large crj'stals, 
usually having a rhombohedral aspect, and in plates ; often compounded, the cr^stali 
giving a second pair of optical axes, making an angle of 60® with the other. Specific 
gravity about 2*714. Hardness 2 — 2*5. Lustre somewhat pearly. Colour oliye. 
green. Transparent, unless in thick plates. Somewhat elastic. 

Analyses, — o, 5, from Chester coim^, Pennsylvania, by W. J. Craw (Sill. Am. J.[2] 
xiii. 222) ; c, from Lisgau, Bavaria, Kobell (Gel. Anzeige, 1854, Ko. 43) : 


SiO* 

APO* 

Fe*0* 

Cr»0* 

Mg"0 

H»0 

a. 31*34 

17*47 

V 

3*85 

1-69 

33*44 

12*60 » 100*39 

b, 31*78 

c. 33*49 

15*87 

22*71 

2*30 

0*55 

33*64 

32*94 

12*60 « 100-72 

11*50 Fe^O 4*25 - 100*40 


Before the blowpipe it behaves like chlorite^ showing traces of fusion on the edeea 
(Dana, ii. 294.) 

OUirOC3«aBB« Syn. with Abichxtb (i. 1). 

C&XWTOmra. SeyherUte^ Holmesite, Chryso^hane. — ^A silicate found at Amity, 
New York, in limestone connect^ with serpentine, together with augite, hornblende’ 
spinel, and graphite. It forms small tabular crystals or foliated masses, sometimes 
lamellar, radiate. Structure thin, foliated, or micaceous, parallel to the base. Accordinf^ 
to Breithaupt, the crystals are monoclinic, with the angles between the lateral planes 
94®. Specific gravity *= 3 — 3*1. Hardness = 4 — 5, Lustre pearly, snbmetallie, 
Colour reddish-brown, yellowish or copper-rcd. Streak uncoloured, or slightly yel- 
lowish or greyish. Folia brittle. 

Closely allied to clintonite are XanthophylUte^ from Slatoust in the Ural, where it 
occurs in implanted globules, and in columnar or lamellar individuals, sometimes en- 
closing-small liexagonal crystals secondary to a rhombic prism, Disierrite or Bran- 
disite^ occurring in the Fassa valley, Tyrol, in hexagonal prisms of specific gravity 
3*042 — 6*051, and hardness = 6 on the base, 6 — 6*5 on the sides. 

Analyses, — a, Seybertite^ by Glemson (Sill, Am. J. xxiv. 171).- 5, Holmesite, by 
Richardson (Rec. Gen. Sci. May, 1836). — c, Clintonite, by Brush (Sill. Am. J. 

xviii. 407).—^, Xanihophyllite, by G. Ros e (Pogg. Ann. L 664).— e, Bisterrite of 
Brandisite, by Kobell (J. pr. Chem. xli. 164): 


ZrO* Al*05 Fe"C>» Mn'*0 Mg"0 Ca"0 K"0 Na^O H*0 F 
a 17*0 37*6 6*6 — 24*3 10 7 — 3-rt — « OS-7 

6 2*05 44*76 4*80 1*35 9*05 11*45 — — 4-56 0*90 * 98-25 

c 20*18 0*19 38*90 3*87 — 21*25 13*52 0 29 1*14 1*04 — ■» 

a 16-.S0 43 95 2*81 -2 19*31 13*26 — 0*61 4*33 — » lOO .'•7 

e 20-00 — 43*22 8-60 25*01 4*00 0*57 — 3-60 — ■■ 100 


These results^ may be approximately represented by the following formulse, in which 
M denotes a uni -equivalent and R a triequi valent metal : — 


Clintonite (Seybertite, Holmesite) . 2M''0.3Si0* -f* 2(3M"0.2R*0*) 

Xanthophyllite 2M''0.3SiO» + 3(3M*'0.2R*0») + 3aq. 

Disterrite 2M'D.3SiO* + 4(M”O.R*0») + 2aq. 


It is doubtful whether either of these minerals baa been found in an unaltered state. 

Clintonite is infusible before th^^lowpipe, but loses its brown colour and becomes 
opaque ,* heated in a fiask it gives o^eutr^ water. It is completely decomposed by 
hydio^orio acid. 

Xanthophyllite yields gr^n glasses with fluxes : it is decomposed by acids, like 
dintonite, but much less easily. 

Disterrite when heated gives off water, which is neutral or alkaline, according as 
the specimen is fresh or has turned red-brown by Weathering. Before the blowpipe it 
becomes turbid and greyish-white, but does not flise ; with fluxes it gives the reac- 
tions of iron and silica. It is not sensibly attacked by hydrochloric acid ; but sul- 
phuric acid decomposes it when heated with i% for some time. {Ramm^ 9 bety^B 
%ftneraich^m$^, p. 848.— Dana, ii. 297.) 

CJMU9B are masses of air which contain innumerable minute particles of sns- 
pended water condensed from a state of vapour, and thus assume the appearance of 
whited misty bodies. The forms of clouds, which of course depend on the form and 
motions of the mass of air, were first properly classified by H o ward, (flW C^B/ktduif 
art. Cxoun; JRcholwrCs Journal, 1811, xxx. 35 — 62 ; or HbteorcTs Climate of Brndon, 
2nd etl. voL L), whose enangement we may thus shortly dceciibe. 
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CKrrM.>-Pa^4 .**«««•.“ diT^ng abrei, commonly enUed mare-tMt, oeeat> 
ring most dietinctly in the higher regions of the atmosphere, but sometimes originating 
large masses of other doud at lower elevationsi The adjective otrross may be 
applied to any streaked appearace in clouds. 

Convex or conical heaps, increasing upward from a horizontal bassb 
This is the most abundant form of cloud, generally appearing during the day at a 
moderate elevation, and moving along with the current next the earth. 

Straitts , — widely extended continuous horizontal sliect, either lying upon the sur 
fiioe of the earth as a mist, or elevated at any height in the utniosphert'. 

C'/rros^raftts.— Stratus streaked with tlie fibres of the cirrus. This form of cloud, 
generally occurring at a great elevation, and consisting, therefore, of particles of iee, 
is the cause of solar and lunar halos, and also of the parhelion and parusolene. 

CttmtU^fstratua . — cumulus the summit of which spreads laterally, producing an 
anvil-shaped cloud. This kind of cloud is very likely to turn to the following: 

Nimbus^ CunitUo^cirro^strattts^ Rain^ or I'htindcrcfoud. is a cloud or system of clouds 
forming a great sheet or mass, mostly cumulose, but with lateral stratose extensions, 
and with tufts of cirrus spreading from the summit. It indicates a great distur- 
bance of the atmosphere, caused by a violent upward current in the centre of the 
cloud, and is generally accompanied by wind or squalls. 

The following further statements are on the authority of Howard. 

The cumulua has the densest structure, and is funned in the lower atmosphere. A small 
irregular spot first apiiears, and is, as it were, tlie nucleus on which the mass increases. 
The lower surface continues irregularly plane, while the upper rises into conical or hemi- 
spiicrical heaps, which may afterwards long continue nearly of the same bulk, or rapidly 
rise into mountains. They w'ill begin, in fair weather, to form some hours alter 
sunrise, arrive at their maximum in the hottf^st part of the afternoon, them go on 
diminishing, and totally disperse uliout sunset. Previous to rain, the cumulus increases 
rapidly, appears lower in the atmosphere, and with its surface full of loose fleeces or 
pratiiberances. The formation of large cumuli to leeward in a strong wind indicates 
tlie approach of a calm with raiin. When they do not disappear or subside about sunset, 
but continue to rise, thunder is to be expected in the night. 

The stratus has a mean degree of density, and is the lowest of cloufls, its inferior 
surface commonly resting on the earth or water. This is properly the cloud of night, 
appearing about sunset. It comprehends all those creej)ing mists, which in calm 
weather ascend in spreading sheets (like an inundation of water), from the bottem 
of valleys and the surfaces of lakes and rivers. On the return of the sun, the level 
surface of this cloud begins to put on the appearance of cumulus, the whole at the 
same time separating from the ground. The continuity is next destroyed, and the 
cloud ascends aud evaporates, or passes off with the appearance of the nascent cumulus. 
This has long been reganbnl as a prognostic of fair weather. 

The cirrus having continued for some time increasing or stationaiyr, usually passes 
either to the cirro-cumulus or the ciiro-stratus, at the same time descending to a 
lower station in the atmosphere. This modiflcution forms a very beautiful sky, is fre- 
quent in summer, and attendant on warm and dry weatlier. The cirro-stratus^ when 
seen in the distance, frequently gives the idea of shonls of fish. Tt precedes ^nd 
and rain, is seen in the intervals of storms, and sometimes alternates with the cirro- 
cumulus in the same cloud, wln-n the difforent evolutions form a curious^ spectacle* 
A judgment may be formed of the weather likely to ensue, by observing which 
modifleatiau prevails at laivt. 

Howard dm not explain tlie special causes of forms of clouds above described, noir 
can we point to more than one. or tw’o attempts at all sound and scientific to accom- 
plish this. In two papers, however, in the Phihsofhical MagaMm (4th ser. xiv, 22 ; 
XV. 241), it is shown, by analogical experiments with liquids, tliat thecii'rus arises from 
the intsrJUtration of masses of air saturated with moisture, and not in equilibrium ; 
the stratus, from mixture or contact of layers of air tranquilly moving on or lying 
over €$ach other, while the cumulus arises from the violent ascent of columns^ of air 
ill the atmosphere. The nimbus, rain, or thundercloud appea» to be formed in like 
manner. 

Very little is known of the nature of clouds from wl^h slow loi^-oontinued rain 
follsi, as it so commonly does in London, but the cloud is probably for the most part 
atrafboieu 

klore particular accounts of the phenotnena of the clouds and weather mu^ be 
notu^t in works on meteorology, among which by far the most philosophical and reliable, 
is Sir J, Hei^schel's Essay on Meteorology (Encyc. Brit. 8th ed.). To this Enay 
we are indebted for some of the following remarks. ^ ^ 

It is more within tb* province of the cheinist to consider the nature Of tn a fnMttST 

3 C 2 
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ddadA* Mateopoloffista have generaJlf aaaumed, as an unsupported dogma, that 
clond particles ore small vesicles or water/ bubbles, Sauasure* indeed, is said to have 
examined these yesicles in the mists of high moiutains,. and to have found them rary 
in size from inch to the inch, occasional!/ howerer attaining the size of a 
pea. Now although no observer is in general more d,esen’’edl/ trusted than Saussure 
his unsupported announcements must not always be adopted as conclusive, and we are 
quite unaware of any one else having witnessed vesicles of appreciable size floating in 
me air and forming clouds or mists. It is also stated ( Graham's Elements, 2n(l ed. 
1 314), that the vesicles may be observed by a lens of an inch focal length, over the 
dark surface of hot tea or coffee, mixed with an occasional solid drop, which contrasts 
with them. Having tried this, we witnessed a white dust of watery particles of 
uniform size, blowing about over the surface of the coffee, or rising in little wreatlis 
and whirlwinds like dust on a windy day, but we saw no drops appearing solid as con- 
trasti^d with the rest, and were inclined to consider them all solid particles of about 
the diameter of -g^ inch. No one has ever suggested how the vesicles are formed, 
nor is it easy to conceive any possible mode of their formation. 

In favour of the vesicular theo^, it may bo urged that rainbows are at least very 
seldom produced when the sun shines on cloud or on steam, although a rainbow is ex- 
hibited under such circumstances by the minutest rain and by spray from a fountain 
or waterfall. Sir J. Herschel suggests that the particles may be of an order o/sutaf^ 
ness comparable to the lengths of the light-undulations, which are on an avcnipc 
about inch long. Hence, he infers, the refractions and reflections of liglit wliieli 
cause tne rainbow would not take place. (See also Eaillard, Comptes lioidi/A, 
xliii. 906.^ 

The existence of vesicular vapour of water seems, however, to hare been disproved 
by the microscopic observations of I)p. A. Waller (Phil. Trans, cxxxvii. [1817) 
p. 23), which later writers have overlooked. Steam being thrown upon a suiface of 
Canada balsam, the particles of water became flxed and were easily examined in the 
microscope. It was concluded that whenever we are enabled to inspect the niiniitpf^t 

S articles of water arising from condensed steam or vapours, they consist of minute 
quid globules without any appearance of internal cavity. 

The suspension of the clouds is in no way mysterious, and arises only from the 
enormous comparative resistance which the air offers to the motion of a very minute 
body, as Prof. Stokes has lately shown (Cambridge PhiL Trans, vol. viii. ix.) A 
globule of water of the diameter of inch, in falling through the air, would have the 
maximum velocity of about *067 inch per second, which is quite inappreciable com- 
pared with the ascensional movement of the air, which is generally taking place 
in all large masses of cloud. The watery particles, or the air, generally both, must 
then be in motion in every cloud. (See also Phil. Trans, voL Iv. [1765] p. 162.) 

No satisfactory reason has ever been given why tlie clouds only sometimes dis- 
charge rain, but it is not diflScult to see that if all the particles were of equal size, they 
would all subside at exactly the same rate, and no collisions could take place. Put if 
a further set of particles were precipitated of a different size they would move at a 
different rate, and encomitcr the other particles ; many particles would thus coalesce 
into drops of sufficient size to full rapidly, and receiving accretions in their passage 
through the air, reach the surface of the earth as rain. The coalescence of minute 
globules vastly diminishes their surface as compared with their bulk ; it is easy then 
to understand how electric tension existing on the surface of cloud particles is so in- 
tensified when rain falls as to occasion lightning. This theory of the thundercloud 
was suggested as early as 1752 by^eles (PhiL Trans, p. 527), and it is repeated in 
thepapers in the Philosophical before referred to. 

There are two principal ways in^Bich cloud particles are produced ; 

1. A gas in changing its vcdnuie also changes its temperature, and may thus be 
unable to sustain in the ^eous state all the aqueous vapour which is diflfused through 
it. Thus, if the air within the receiver of an air-pump be moist, a few strokes of the 
pump will produce a visible mist. In the atmosphere, by far the largest masses of clouds 
are thus pimnced by cdhimns of air risings and consequently expanding and growing 
cold as they rise. Pogs, it is also said, may be produced at the surface by sudden 
chmim of Darometric pressure. 

2. Two masses of moist air of different temperatures will not, when mixed, sustain 
the whole of the contained vapour in the gaseous state : for the maximum tension of 
aqueom viqpour variee in a huher ratio than the temperature. Hence the mean ten- 
sion *ef vapour on mixiiig^ will always be higher than the tension pomble at the mean 
tampMlawe, and vapour will be condensed until the two are equalised. Thus arise 
the e]m)an.4iBd siratoee forms of dond, from the mixing of bodies of air under Tariovi 

Qan e a Imve^t an inappreciable power of conducting beat A cold surface rnsj 
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indeed condense tsmut from the air, as in the formation of dew, but the water eon- 
detised will all atti^ itself to the cold flurface, and no eloud-particlea will be produced. 

Dr. Tyndall haying lately proTed that gases may radiate beat, it is edible that douds 
may be produced in the higher parts of the atmosphere by slow raaiation. W. 8L J. 

CRLOVBBy OXXi OX** Geumrsnelkfnol . — This oil, obtained by distilling with 
water the buds and flower-stalks of the clove-tree, Eugmia eargaphyUata^ or 
CargophyUm arom^icus^ L., is a mixtiire of eugenic acid {g. i».) and a hvdno^bon, 
isomeric with oil of turpentine. This hydrocarbon passes over with vapour of 
water, when the crude oil of cloves is distilled with (lotash-ley. It is highly refrac- 
tive, has a density of 0*918 at 18® C., and boils at 142® — 143®. It is not attacked 
by dkalis ; it absorbs a large quantity of hydrochloric acid, and without forming a crys- 
talline compound (Ettling, Ann. Ch. Pharm. lx. 68). Water distilled foom cloves 
sometimes deposits nacreous scales of eugenin, a substance probably isomeric with 
eugenic acid. 

According to Sten house (Ann. Ch. Pharm. xcr. 103), the so-called oil of ciniin- 
mon-leaf is likewise a mixture of eugenic acid and a hydrocarbon, C**H**. It has a 
density of 0*862, and boils at 160® — 166®C. ; it contains also a small quantity of 
benzoic acid. 

O&OVOXIfBUXI'* A resinous body produced by the action of sulphuric acid on 
oil of cloves. 

O&im M088. See Lycofodium. 

C&XrTBA&ns. A mineral related to analcimc (p. 210), occurring in flesh-red 
vitreous crystals in the amygdaloid of the Kilpatrick Hills. Specific gravity •=• 2*IG6. 
Flardness « 3*6. Opaque or subtransluccnt. Pragile. Contains 61*27 AiO*, 23*66 
A1*0*, 7*31 hVO’, d l3 hia*0, 1-23 .6IgO, and 10*66 water « 99*06. (Thomson, 
System of Mineralogy^ i. 339.) 

CirXCXir. Cmtaurin, (Morin, J. Chim. mid, iii. 106; Scribe, Compt. rend. 
XV 803), — A bitter substance contained in Cmtaurea bf nedictus or Cnicus hrnedictns 
(Morin); also in the leaves of Centaurea calcUrapaf and in all bitter plants of the 
order Composita^ sub-order Cynarocephala (Scribe). Morin first obtained it in an 
impure state by treating the alcoholic extract of Cvntaurea henedirtm with ether, 
evH^rating, precipitating with sub-acetate of lead, evaporating the filtered liquid after 
freeing it from leaa, and treating the residue with ether and alcohol. It was after- 
wards obtained by Nativello and further examined by Scribe. 

Cniciii forms white transparent silky needles, inodorous, having a pure bitter taste, 
and neutral reaction, easily soluble in alcohol and wood-spirit, very little solublo in 
ether. The alcoholic solution deflecta the plane of a polarised ray to the right; 
[fl] a + 130*68® (B on chardat). It is nearly insolublo in cold waf-cr, dissolve* 
somewhat more easily in warm water. The solution is decom^swl by continued boil- 
ing, becoming turbid and afterwards depositing a viscid bo<Jy like turjjcnline. 

Cnicin gives by analysis 62*9 per cent. carl>on, 7*0 hydrogen, and 30*1 oxygen, 
whence have been deduced the three formula? C'*ii‘“0* C®®J1**0’, and C**H**0*. ^ Tiiey 
all agree pretty nearly with the analysis, but as there is no means of determining the 
atomic weight of cnicin, it is impossible at present to decide between them. 

Cnicin submitted to dry distillation gives off vapours and becomes carbonised.* Strong 
sulphuric acid dissolves cnicin with deep bloocl-rod colour, the liquid becoming black 
when heated. Strong hydrochloric acid is colourod green by it ; if heat bo applied, 
the liquid turns brown, and oily drops collect on its surface, solidifying in a resinoui 
mass on cooling. 

OOAOinbmHS is a term applied to any viscid or curdy mass separated firom a 
liquid, OB cheese from miUc, the clot from blood, &c. 

COJL&. HouUle. StHnkohle.^ThQ vast masse# of fossU fuel which are stored up 
within the bowels of the earth, and in particular constitute so essential an clement of 
our national prospi^ty, are undoubtedly the result of complex chemical changes, acting 
uudervarying circumstances of temperature, pressure, moisture, Ac., either upon vege- 
table matter growing on the spot^ or upon the remains of plants collected 1^ the drift of 
rivers, &c., into particular localities. 

The vegetable origin of coal is beyond doubt, nor can there be any que^on asto the 
cluffactcr of the flora od the carboniferous era, about 600_ distinct species, including 
260 ferns, having been recogniscsl as belonging to that period. 

The duKmveiy of distinct ugneona structure in most kinds of coal appears, howsvCT, 
to be somewhat questionable ; and although Bischof and others have entered into in- 
^Qiicsting sjid hi^ly valuable speculations as to the precise c han gi M, by vittoe of which 
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woody matter may be conyerted into cf al, the mieroeccmie and ehenueal examination 
of the substances themselyes, do not direct proof of the accuracy of these con- 
ceptions. 

The conversion of wood into coal, according to Bischof, may take place in four dif- 
fercnt ways, viz. ; 

1. By separation of carbonic acid and carburetted hydrogen. 

2. I, ,, ,, water. 

8. „ carburetted hydrogen and water. 

4. „ „ „ carbonic acid. 


(For the formulffi representing these changes we refer the reader to Biachofs, Chemical 
and Physical Geology^ vol, i. p. 274, et, seq,'^ 

“ When wood or vegetable matter, then, is buried under circumstances which allow 
of the extncation of these substances from it, in the course of its decomposition, it ntu»t 
become converted into coal; the extreme result of the process being to give us, first antlira- 
cite, containing perhaps 94 per cent, of carbon, and finally graphite, which is either 
pure carbon itself, or that substance mingled with others which are here excluded from 
consideration, as not being amon^ the elements of wood, and which it may have ac- 
quired from external sources during the process of conversion. 

“ The great quantities of carbonic acid gas (choke-damp), and carburetted hydrogen 
(fire damp) met with in coal mines, show the fact of the large extrication of these sul)- 
stances, and corroborates, if need were, this explanation. Keservoirs of these gasi^s 
in a highly compressed state are often found to be pent up in the crevices and cavities 
of co^ beds. Some beds of coal are so saturated with gas, that when they are cut 
into, it may be heard oozing from every pore of the rock, and the coal is called by 
the colliers * singing coal.' ” (Beete Jukes, Manual of Geology,) 

The natural escape of light carburetted hydrogen, marsh-gas or fire-damp (CII'), 
which frequently bursts forth in large quantities from the seams of coal or strata of 
fire-clay which divide them, is the frequent cause of those terrible accidents, of wliicli 
the Lund Hill Collieiy explosion in 1857, and the still more recent one at Burradon, 
have been the most calamitous upon record. 

The sudden issue of gas from a blower in the colliery adjacent to that of Lund Hill 
is thus described. The fire-clay of the floor of the seam was seen to lieave at dif- 
ferent points aldng the face, and piesently large fractures were made in it, through 
which gas was ejected with great violence and with a sound very similar to the issue 
of steam at a high pressure from a boiler.” Subsequent to the explosion at Lund 
Hill, tho pent up gas still issuing within the mine in the higher parts of the workings 
supported two columns of water 30 feet high, one 10 feet and the other 11 J feet dia- 
meter, corresponding to a pressure of about 11 lbs. on tlie square inch. This gas in ex- 

S loding renders unfit for respiration 10 times its own bulk of air: hence the “after 
amp " of the miner, the vitiated atmosphere produced by the explosion, often fatal to 
those working in other ports of the mine, or to those who descend into the pits without 
proper precautions, or until ventilation has been suflSciently re-established. 

“ The subjoined tables, given by Miller, give an idea of the composition of wood 
and will illustrate the progress of its decay. They also ftirnish a synoptic view of the 
composition of some of the principal varieties of coal, in the order of their occurrence 
in successive geological stages. The proportion of oxygen diminishes rapidly and that 
of hydrogen more slowly, as the coal |l^^s from lignite towards anthracite, in which 
form it consists of nearly pore carb^ 


Com^ 



of Wood and Coal. 




Ook-twoef. 

Dtea^edOak, 

Dartmoor 

Peat. 

Mexican 

Aephatt. 

hiamitefrom 

Bowjf. 

BoiLhead 

Coul. 



UiUor. 

Liebig. 

Vauz. 

Regnault. 

Yaux, 

Miller. 

Specific gravltj 

• 

•81 


•84S 

1*003 

1*139 

1*196 

Coke per eent. 


fl*8 


39*30 

9*0 


30*33 

Carbon • • 



tt-47 

5403 

78’10 


83*10 

HrdKogen . 
NiifOfen. 


* 6-07 

1 

1 

5*31 

S-fiO 

9*30 

> 


8*91 

1 7*95 

OxjPien . • 
SuIpBur . • 


Y 4S*6i 

> 41’S7 

98’ 17 

y 9*89 



> . 

) 

•88 

f 


*96 

Afh . . 


•Jfi 



9*80 

” 1 

19*78 
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Compoaitum qf CocJ, 



Lesmakafgsitti 
Parrs* Cotd. 

Conor/. 

Cakimf( Cotd 
Sewcattte. 

lOvArd 

W^rfr. 

Snrpart 

Siram. 

S. Wahs . 
dn/SrocOr. 


Miller. 

Vaux. 

Richardson. 

Vaux. 

Miller. 

Vaux. 

Specific frsvlty . 

1351 

1276 

1*2S0 

1*278 

1*309 


Coke per cent. 
Carbon . 

Hydrogen 

Nitrogeu 

Oxygen . 

Stiiphur . • * 

Ash ... 

43*5 

73 44 

7*611 

1 11*761 

1*I4A 
6*034 

ethafi 

S0*(»7 

3'1‘i 

H*l)8 

1.0 

2*70 

86-73 

1 6‘6I 

1'40 

78 W 

l‘H4 

12*88 

■39 

l‘(i3 

75*10 

81*47 

4 97 

1*63 

5*v8 

I-IO 

5*5) 

99-10 

90*39 

3 as 

0H3 

996 

0*91 

1*61 


The composition of coals varies largely, not only in respect of the relative pro|iortiona 
of carbon, hydrogen, oxygen and nitrogen which they contain, but also of the amount 
of extraneous matters which constitute the impurities of fuel. These consist of a vari- 
able amount of mineral matters which remain after combustion of the coal, us ash or 
“ clinker.” 

The percentage of ash ranges from about 1 to 30 or 85, and in some coals, which ore 
considered too poor to be brought to market, to even more than this quantity. 

It consists chiefly of silicate of alumina, with variable amounts of oxide of iron. 
Vaux found also in many coals traces of load and copper. 

** We have in nature every gradation, from i)upe coal into a mere carbonaceous (com- 
monly called bituminous) shale or * batt ’ which often contains enough imflammable 
matter to give out flame and support combustion for a time when burnt with better 
coals, but soon passes into a lump of ash, unaltered in form and not retaining heat 
longer than a brickbat would under similar circumstaiicos.” Accordingly, the compo- 
sition of the ash of coals closely resembles that of the baits, shales, or flre-clays which 
usually occur, either as strata above or below the coal, or in their ** partings ” between 
the several layers of the coal itself. 

The following table exhibits the amount and composition of the ashes of several coals, 
as compared with that of fire-clays and “ batts 


Compoifition of Coal-ash. 



Newcastle 
coal alter 
deducting 
Suphurlc 
•old. 

Taylor. 

Porous 
Coal from 
Zwickau. 

Kremers. 

Compart 
Coal from 
Zwickau. 

Kremers. 

Average 
of five 
lampics. 
Welsh. 

Phillips. 

Average 
ot five 
snm|i|.*s. 
Scutch. 

Phillips. 

Blue 

Slialo 

clay. 

Taylor, 

Newcastle 

Fireclay. 

Richard- 

son. 

American 

Anthracite 

Fawn. 

Ash of 
Bituminous 
Sliale, 
Bllstnn, 
StaSordshlra 

Wills. 

Silica . . 

62-44 

60-23 

46-13 

42-67 

49 63 

68-99 

57 08 

54-M 

60*81 

.Alumina 

81-29 

31-63 

22-47 



26 19 

3502 

34-45 

89 85 

aekquiuxide 





38*‘/l 





Iron . . 

8*96 

6*36 

aV83 

i 



5-17 

7*50 

3*14 

1 .tme 

*76 

1-08 

2*80 

6-66 

3-18 

Fe2aiQ2.> 

1*6.1 

9*85 

8*10 

Magnesia . 

*86 

*36 

*51 

108 

1*41 

67 

1*73 

1*10 

1*83 

I'otash 

8*46 



• . 

, . 

1-54 

. 


i 8*18 

Soda . 



•84 


a 

834 

• 

« • 


Sulphurie 










arid (an- 










^ hydrous) . 



, , 

4-46 

6*86 

. . 

• * 

• « 

6*60 

SulphMte of 










Calcium . 


*84 

8*87 







Phr^sphortc 










•rid (an- 










hydrous) . 

. 

• 

. 

-66 

1-08 

• • 

• • 

• * 

traces. 

Fvreeotage 
of Alb 

1*86 

1*74 

1*89 

1 8*15 

* ■ 

• * 

* * 

• * 

Chlorine 0 06 


Moepfatt states that the ash of lignite imHea from 1 to 00 per cent., aTeraging about 
0, and tbsi of bitaminoiis coal 1 to 2 per cent, In addition to these substancM, the 
mineral rua t^^r of coal contains a small but variable quantity of sulphur, not accounted 
for in the above analyses, but constituting a most important element as reg^ards^ the 
value ef foel for domestie and technical uses. This remark applies more especially 
to the value of eoela for metallurgical purposes, particularly for empfoyment in tiie 
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UwBt-ftimace; the iionmaater haa learned to es<diew rach saai^ of iroiwtone •< 
contain any considorable percentage of aulplmr tatd. phosphoric acid; but this 
caution is wholly ineffectual, unless a like care he exercised in the selection ofti 
ftael and fluxes which are to he introduced into the blast-fomace with the ore 
The presence of sulphur is equally detrimental in the manufacture of gas, some do 
tion of it being always elimjaat^ as sulphuretted hydrogen and bisulphide of carin' 
the complete remoyal of which is a matter at once of great dMcultyand of the highest 
necessity, while the frequent cases of spontaneous combustion of coals in the hold of 
Teasels is probably due, in some measure, to the oxidation of the pyrites which they 
contain under the influence of a moist atmosphere^ 

A minor eril is the cYolution, during combustion, of sulphurous acid, a gas which is 
not only noxious and hurtful to human life, but destruetiye to boiler^ locomotive 
tubes, and so forth. 

Some of the lower seams of the South Staffordshire coal beds, otherwise ayailable &s 
good fuel, are unused, because they contain an amount of sulphur which renders it im- 
possible to bear the smell which they exhale during combustion ; whence the'.r local 
name of stinking coal. 

The mean percentage of sulphur found in the goyemment investigation, under 
Playfair and De la Beebe, was as below : 


Samples. Coali. Mean. 

37 . . . Welsh ^ , 1*42 

8 , . . Derbyshire I'Ol 

28 . . . Lancashire ... . . . . . 1-42 

17 • . . Newcastle 0*94 

8 . . . Scotland ....... 1-45 

The following are other determinations of snlphur in coals ; ^ 

Mean. 

4 samples from North Wales, Buabon 79 

Lignite from Bovey (Vaux) 2*36 

Boghead (Miller) 0*96 

Wigan eannel (Vaux) 1«50 

10 yard Wolverhampton 0*39 

„ bottom 2*67 

Newport steam coal (Miller) . . , . , , .1-10 

Anthracite, South Wales (Vaux) »91 


“ The frequent occurrence of iron pyrites in coal shows that its formation at the 
cost of organic remains is a very frequent phenomenon. This formation of iron pyrites 
can only be explained the presence of i^phates ; and so far as it goes on in the sea, 
only by the decomposition of sulphate of calcium. 

The minor varieties of coal are almost infinite in number, and it is said that full a 
hundred different kinds are sent into the London market. The foUoMring appears to l>e 
as satisfactory a classification of the more important kinds as is possible, together with 
an indication of their characteristic differences, and of the loci^ties whence they are 
obtained : — 

1. Lionitb or Brown Coal generally retains in some degree its lamellar and woody 
structure. Yields a powdery coke iir the form of the original lumps. Brittle, burns 
readily, but often contains fi^m 3|^)^ 40 per cent water. 

Occurs in England chiefly at SWy Heathfleld, in Devonshire, where it has long 
been used as fhd in the local pollBbes ; the supply is now, however, falling off! Its 
other chief localities are Westphalia, the Hessian States, Lower Austria, Kussia, 
Spain, Portugal, Italy* the Upper Missouri Valley, New Brunswick (impregnated with 
copper), Greenland, China, and the Burmese Empire^ and in Centr^ America in the 
province of Panama. 

2. BiruHXNOUfl or Caking Coals. — The most extensively diffused and valuable of 
English coals. These are of various shades of brown and black, emit much gas on 
heating, and hence are prized as ** gas-coals ; they leave a coke more or less lustrous 
and flmed, or caked toother. Their fracture . is generally uneven and their lustre 
resinous. The coals of this class are subdivided into : 

Caking Coal^ which splinters on heating, but the fragments then fhse together into a 
semi-pa^ mass. Its ^ief sources ire &e Newcastle and Wigan districts, along the 
banks of the T^s and Wear, and the north of the Tees. 

Ckerrg Coal or Soft Coal. — Lustre veiy bright Docs not fiise. Ignites well and 
burns rapidity. Oeim in Glasgow, Btaffbrdsbire, Derbyshire; Nott^han^ LairT^ 
ahire, See, 
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Splint, JRoitffA or CW.— Black, and of glistening fracture. Does not ignito 

reaaily, but bums uj^ to a dear hot fire, constituting a good bonse ooaL Oocum 
in the Glasgow field, in Shropshire, Leicestershire, Warwickshire, Derbyshire, and at 
Nottingham, and constitutes m particular the bulk of the great coalfields of North and 

South Staflfordshiro. 

• Cannel Coal; Parrot coal of Scotland.— Of dense, compact, and eren fracture, con- 
cho'idal in cve^ direction. Takes a polish like jet. Splinters in the fir© and bums 
clearly and brightly. The chief localities in Great Britain are Wigan, and other parts 
of Lancashire, West Glasgow, and in smaller quantities at Coventry. It is found also 
in Kentucky. 

The various kinds of bituminous coal constitute also the bulk of the immense coal- 
fields of North America, compared with which the most extensive fields of the Old 
World are insi^ificant. These are the Alleghany or Appalachian field, and those of 
Pennsylvania, Illinois, New Brunswick, and Nova Scotia. In South America they 
occur in the province of Chili. They compose also the south side of the South Wales 
basin; are found in Connaught and Ulster, and on the European continent inlk^lgium, 
France, Prussia, Sweden, Kussia, and Spain. Finally, the great coal range of New 
South Wales is supposed to belong to this class. 

4. Anthracite. Stone-coal or Culm. — The densest, hardest, and most lustrous 
of all varieties. Burns with very little flame or smoke, but giyes^ great heat. Con- 
tains very little volatile matter. Splinters when heated, and ignites with difficulty. 
Colour deep black, fracture lamellar, parallel to the bed of the ueposit, conchoi'dai in 
the cross fracture. Applied successfully to smelting, and much valued as a steam coal 
in the navy. Its most extensive deposit occurs over vast tracts of North America, 
chiefly in Pennsylvania. It constitutes ol.so a largo portion of the yield of the north- 
west portion of the South Wales coalfield. A furtlier deposit occurs over a tract of 
about 12^ miles in Devonshire, in the neighbourhood of BarnntapIo Buy and Bideford. 
Its other situations are Leinster and Munster in Ireland, and some districts of France, 
tSweden, and Portugal 

6. Steam Coaj> approaches nearly to anthracite. It docs not crumble into small 
pieces under friction, and is licncc well ndapU‘d for stowage. It also emits little 
smoke, a point of great importance in naval wrarfare, where the smoko of ordinary coals 
w'ould reveal the position of vessels to a distant enemy. Its chief locality is the 
north-w'est of the South Wales basin and the north of the Tyne and Blyth district 
In addition to the above-named varieties, w'e must mention the remarkable deposit of 
Bathgate, near Edinburgh, commonly known as the “Torbane hill mineral or Boghead 
oannel coal,” respecting which a curious lawsuit arose upon the question whether or 
not the substance was to be considered us “coal.” It is of a dull brown colour in tlio 
upper part, and black in the lower part of the seam, and of low specific gmvity. It 
contains about 20 per cent, of aluminous ash, which romuins after ignition in the 
form of the original lump, retaining 6 to 10 per cent of carbon. About 70 per cent., 
tlierefore, consists of volatile matter, whence the great value of the mineral for two pur- 
poses; Ist for gas making; 2nd for distillation, by Young’s process, in close vessels at 
a low temperature, whereby a large number of liquid hydrocarbons of various densities 
and boiling points are obtaiiie<l, fit respectively for illuminating and lubricating pur- 
poses, together with paraffin and other solid products.^ ^ 

The analyses already g;iven fairly represent the ordinary composition of the several 
classes of coals. 

Valuation of Coal.^K ready method of accurately estimating the general value of 
coal as fuel is yet a desideratum. Its clemently analysis affords the means of cal- 
culating its theoretical heating power; but it is found in practice that the amount of 
work indicated by this result can never be obtained, and further that the c/mdition of 
mechanical division, draught of furnaces, and many other extraneous circumstancra 
affect the result so largely, that the actual work obtained seldom bears any palpable 
relation to the theoretical indication. , t. *• 

The weight of water in pounds raised one degree in tempeniture by the wmhustion 
of I cubic inch of each of a largo number of combustible substances, and also by sueft 
a weight of each as combine with 1 cubic inch of oxygen, has been detoiTOined by 
the £rect experiments of Lavoisier, Laplace, Desprete, Dulong, Eumford, Kegnault, 
Audro**, and othera. tiie general principle of their methwla conBiHtiiig IB tbe^ of 
an a pparatw. wherein the entire heat of combustion was aWhed by a known weignt 
water, the whole arrangement being protected from the influence of external cjmngjw 
of tempentura, and the increase of temperature of the water bc^ng knora ^ ™ 

mmultaneous indication of several delicate thermoroeters suspemlea in it. (CJeeiwAT.l 

The method of Berthier, though only approximative, affords useful indications when 
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applied, with certain precautione, to yarione samples of the sam^ dass of coal or fiom 
the same mine. 

It is based upon the reduction of oxide of lead hj the carbon and hydrogen of the 
foel, in fact the combustion of the coal at the expense of the oxygen of lithaige, the 
weight of metal produced indicating the amount of oxygen expended, whence the heating 
power may be calculated. It is found that 1 pt. of pure carbon produces 34-5 of me- 
tallic lead ; hence if a sample of fuel jnoduces 25, the heating power is of that 

of carbon, or assuming that 1 lb, of carbon raises 7900 lbs. of water 1®, 1 lb. of the 
sanmle of coal is capable of raising 5724 lbs. of water by 

Various tables have been given by JBerthier and other experimenters, of results ob- 
tained in this manner, the following being some of the most useful figures : — 


Gohing Bowlais coal produces 
Glamorgan „ 

Newcastle „ 

Wigan cannel „ 

Cherry coal, Derbyshire „ 
Glasgow cannel „ 

Durham „ 

Pennsylvanian anthracite „ 


31 '8 lbs. lead 
31-2 
30-9 
28-3 
27-2 
24-9 
31*6 
30*5 


By a comparison of the result of any experiment with these standard figures, a 
tolerably fair estimate may be made of the specific value of any sample. 

The method of operating consists simply in mixing a known weight of the finely 
powdered fuel with about forty times its weight of pure litharge, and exposing the 
mixture to a gentle heat in a large crucible finally raised to a clear red heat. The pot 
is removed, struck on the floor to assist the settling of the metal, and broken when 
cold. The button is cleaned and weiglied. The accuracy of the result depends greatly 
upon the relative proportion of hydrogen and oxygen : when they are in the propor- 
tion necessary to form water, the result is tolerably correct; but it is evident that any 
excess of hydrogen over and above this proportion introduces an error, inasmuch as its 
heat equivalent is calculated as if it were carbon, while in truth it is about four times 
as great The results of the British Admiralty investigation, by De la Beche and 
Playfair, exhibit a variation often ** amounting even to a virtual contradiction ** of tiie 
simultaneous results of direct combustion. 

Other experimenters have found difficulty in obtaining constant results by Berthier's 
method, but Mitchell has found that the difficulty may be obviated by substituting 
ordinaiy carbonate of lead for the litharge. 

The best practical method of valuing fuel consists in employing an apparatus 
Bimilar to those used by Andrews and other chemists in the determination of the 
actual heating power of carbon, hydrogen, &c., or of a miniature furnace to which a 
known volume of air is supplied, with arrangements, such as readily suggest them- 
selves, for the complete utilisation of the heat evolved It is to be remembered that 
the real value of aU such results is simply relative. 

The imperfect character of most boiler arrangements and the large quantify of coal 
which passes into the ash-pit unconsumed, together with the irre^ar supply of dranglit 
and tile amount of heat absorbed by the great excess of cold air, result practically in 
an enormous loss of heating powe^td an extent which, even under the most careful 
management, is widely variable. J^ms, the results obtained in the American and 
British Atoiraify experiments enBit pave discrepancies. In the case of the latter 
investigation, a Cornish boiler onff^ 2 feet long was employed, and “even from the 
smallness of the boiler employed, the results fell short by 20 per cent, of the maximum 
amount of work which the same fiiels could perform when applied to laiger boilers con- 
structed and set on the same principle. The inquiry is rendered less efficient from 
another cause, vis. the want of a thorough control and measurement of the air passing 
through the furnace.” 

We have referred to the i^jurions properties of suipAur as an ingredient in coals, 
and to its average quantity in various classes of fuel Its amount may be estimated 
by fusing in a large silver capsule a few pieces of caustic potash and | of its weight 
of nitrate of potash and a few drom ox water. After cooling, the finely powdered 
coal is added, and the whole re-fhsed till white. The mass is dissolved in hydro- 
diloi^ acid, pd the sulphuric acid produced is estimated by precipitation with 
chloride of barium. It is iJways necessary at the same time to estimate the quanti^ 
of aulphnric acid present in the ash of the coal, and to deduct this from the amount 
obtained as abovOi in order to obtain the quanti^ due to the oxidation of the snlphnr 
only. 
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Deflagration with 2 pta. nitre and 10 of diloride of eodium alao be emplcmd, 
but the greatest care is necessary to control the action. 

The imTOrtanc^ in addition to a knowledge of the chemical character of a fhel, of a 
consideration of its mechanical condition^ is amply exhibited by the fact acknowledged 
in boA the government series of experimenta, that it was a einc qud non that the 
toughness of coals must be such, for naval use, as to resist, without crumbling, the 
constant friction in the skip’s hold, at the same time that its fracture must l>e such 
that it packs into the smallest possible space. In this respect, coals of equal heating 
power vary 20 per cent, at least. “This factor, whicli is of extreme importance in steam- 
navigation, becomes reduced the more the cleavage of the coal or the shape of the fhel 
approaches the form of a cube. In order to attain, at least, a relative idea of the 
waste occasioned by transport, f. e. of the attrition of the individual pieces of coal 
against each other, and conversion of unbroken coal into dust unfit for use, which is 
occasioned by the motion of the vessel, the various specimens were rotated in a drum 
for the same length of time, and the dust thus protluced separated and weighed.” 

The subjoined table shows some of the results of tlio British investigation as regards ; 

1. Number of lbs. of water at 100® C. converted into steam by 1 lb, of fhel. 

2. Ditto, after deducting portions of coke contained in the ash. 

3. Theoretical evaporative, power in lbs. of water of 100® C. evaporated by 11b. of 

fuel calculated from litharge test. 

4. Weight of coal per cubic foot of stowage in lbs. 

5. Ditto, per solid cubic foot, deduced from specific gravity, 

6. Percentage loss by equal amount of attrition. * 


Kind of Fuel. 

1. 

B 

8. 

B 

B 

6 

WsLsnr^ 







Joiieii nnd Co*t Anthracite. 

9‘46 

9*70 

13*84 

58*25 

H5‘70 

68 5 

Ward’s Fiery Vein 

9*40 

10 rU) 

16*40 

67*43 

H3 8> 

46*5 

Gr.'Uftola 

9*35 

9*66 

16*72 

60*17 

81*11 

49*3 

DiiSVyn 

10*14 

11 -HO 

15*64 

53 22 


56 2 

Ponty i*oal 

7*47 

8*04 

14 31 

55*70 

Kill 

67*5 

Kbhw Vale 

10*21 

10*64 

16*64 

63 30 

KXTb 

45 0 

Bedwas. «•«•••• 

9*79 

9*99 

1^70 

00*60 


54 0 

Scotch : — 







Dalkeith Jewel 

7*08 

7*10 

1.1*77 

49 80 

7n*67 

85*7 

WHlUcnd Elgin 

8*46 

8*67 

15*15 

5 POO 

78 61 

64 0 

Fordel Splint 

7-56 

7*69 

15*12 

55*00 

78*61 

63*(I 

Grangemouth 

7*40 

7-91 

14 85 

54 25 

80*48 

69*7 

KsoLitii:^ 







Broomhill 

7*30 

7*66 

13*20 

52*60 

77 99 

65-7 

Park End, Sydney 

8 02 

8*98 


54*44 

80*05 

55 0 

Irish: — 







Slieverdagh 

9*85 

10*49 

16*21 

62 80 

99 57 

74*0 

Mean of three patent fuels • • • ■ 

9*27 

1 

9*C6 

15*44 

66'4S 

70*6'} 



For further information on coal, see Urde Diciionary of Arts^ Manufactures and 
MineSj i. 696 ; also Ronalds and Richardson*s Chemical Technology^ 2Dd ed. i. [1] 28 ; 
i. [2] 761 ; Rerc^s MetaUurgy, i. 78—106. A. W. W. 

COAXi-OAS. The gas produced by the destructive distillation of pit-coal at regu- 
lated temperatures. 

The apparatus used in the manufacture of coal-gas on the great scalb consists essen- 
tially of a system of closed retorts of fireclay or cast-iron, the exit pipes from which 
communicate with a hydraulic main, in which the crude gas deposits part of its to 
snd ammonisical products. It passes thence into a series of condensing pipes, wherein 
it is exposed to the action of a laige refrigerating surface, and deposits the greater 
part of its to and ammonia-liquor^ the last portions being removed in its passage 
through another series of vessels of various forms and modifications, in which the 
gas is scrubbed^ by being obliged to force its way through breese, stones, or other mate- 
rials which serve to comminute it and bring it into thorough contact with a stream of 
water which continually percolates the vessel. It is then, deprived of its car^nic acid 
and snlphuietted hydrogen in lime purifiers, and finally is drawn by exhausting aima- 
ratus into the gas-hol&n, passing on its way through the station-meter and other 
beantifhl and delicate apparatus, whereby the pressure and amount of gas which 
passes into the town are n^lated and re^pstered. (See the article Coal-Gas in Urd» 
Victianary of Arts, Manufactures and Mims,) 
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The following analyeie hy Bunsen and Boscoe exhibits the composition of 
chester coal-gas psrepai^ &om Cannel coal : 


Marah-pas 
Carbonic oxide . 
Olefiant gas or ethylene 
Tetrylene . . 

Sulphuretted hydrogen 
Bitrogen • 

Carbonic acid . 


45-58 

84-90 

6-64 

4-08 

2*38 

0-29 

2- 46 

3- 67 
100-00 


In addition to these constituents, there are frequently present traces of ammonia, 
Tapour of sulphide of carbon, cyanogen, and oxygen. 

The composition above given, represents that of a first-rate sample of gas ; but the 
relative proportion of the several ingredients depends both upon the quality of coal 
used, upon the temperature of the retorts, and the time during which the distillation 
is continued. It is to the olefiant gas and other heavy hydrocarbons present in com- 
paratively small quantities, that the illuminating power of gas is chiefly due; the 
maintenance of a full proportion of this gas is therefore of the utmost importance. 
The following table shows the quality of gas from 1120 lbs. of common coal at the 
Clifton gas-works, Manchester, at difibrent periods of distillation : 


Hours fl-om com- 
mencement. 

100 measure* purified gas contain 

100 measures ofpurffiei] 
gas consume 

Oxygen. 

Olefiant gas. 

Nitrogen. 

Other inferior gases. 

1 

10 

0 

90 

164 

3 

9 

0 

91 

168 

5 

6 

0 

94 

132 

7 

5 

15 

80 

120 

9 

2 

9 

89 

112 

11 

0 

15 

85 

90 


Hence, two things should especially be avoided in the manufacture of gas, viz. 
too low a heat and a too long continuation of the distillatory process. The effect of 
too low a heat is a great diminution of the gaseous products, the chief result of the 
distillation being the production of tar. The effect of continuing the distillation too 
long, is that gases of veiy feeble illuminating power are evolved, together with nitrogen, 
which, when once mingled with the combustible gas. cannot be removed by any known 
method, and must seriously impair its illuminating power. 

The following table by Hughes g^ves an idea of the relative and absolute yield of 
different kinds of coal under practical management : 


Name of CoaU 

Cubic feet of 
Gu ton. 

Specific Gra- 
vity of Oas. 


Weight of G«s in lbs. 
per ton of Coal. 

Newcastle, average of 3 samp. 

Sk.492 

•462 

398 

Hedley. 

>1 1* 19 n 

r^.336 

•416 

362 

Clegg. 

Wigan cannel 


-490 

357 

Fyfe. 

,, • • • 


•478 

344 

WiighL 

Scotch Parrot 

9,500 

-640 

466 

- 

Lesmahago connd • 

11,312 

•737 

638 

Hedley. 

Boghead cannel , • 


•762 

866 

Bvans. 

Ince Hall cannel , 


•528 

461 


Derbyshire .... 


-424 

308 

Wright. 

,, soft, aver, of 3 samp. 

7.166 

•466 

256 

Parliameutaiy return. 

Neath, South Wales . • 

11,200 

•468 

401 

Hedley 

Wt^tbromwich, parliament- 
ary return of Anningham 
gas company . 

6,500 

•453 

226 

Stenbrdshire^ averuge of 4 
samples .... 

10,467 

•376 

302 

Ogg. 
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ifodes of estimatifi^ Zumini/erotts Vaiue, 

The gaa o^nufiieturef relies much as ao indication of the purity of his eas, upon its" 
tpecifie grayily, which he commonly takes approximately bv means of a balloon, con- 
taming when full 1000 cubic inches, and gauged by a ring wnich Ills its largest diameter 
when niU. Attached to the balloon is a car, into which as many grains are put as balance 
the balloon. This result, although not scientifically accurate, gives, after correction for 
temperature, barometer, &c., an indication of sufficient practical value, but of course 
Titiated by the presence of any large amount of carbonic acid. 

The comparison of gases by the photometer is a test preferred by many gas-engineers 
to all others. It consiste of the comparison either of shadows, or of transmitted light 
passing through a^ semi-transparent disc of paper with reflected light striking on an 
opaque portion, in juxtaposition to the Uunsparent portion. When the light is so ad- 
justs that the shadows are precisely similar, or tlmt the light reflected and tliat 
transmitted by the disc are equal, then the lights are to each other in the ratio of the 
squares of their distance from the disc or screen. 

The only chemical test upon which the piactical gas maker commonly relies, is the 
amount of absorption wliich takes place upon introducing into a known volume of gas 
a bubble of chlorine or a drop of bromine, the principal hydrocarbons to which gas 
owes its luminiferous value being condensed by these reagents into oily compounds. 
These methods are, however, of the roughest kind. 

An accurate result may, however, ho obtiiinctl by siihslituting for chlorine or bromino 
a fragment of coktj saturated with Nordhausen sulphuric acid, the experiment being 
made over mercury and the absorption being allowed to on for two or three hours. 
Subsequently the sulphurous acid produced in this action is removed by a ball of bin- 
oxide of manganese, and finally aqueous vapour is removed by a ball of caustic potash. 
The quantity of carbonic acid being also detormined, the ditferciiee between the two 
experiments gives the amount of luminiferous hydrocarbons accurately. The value of 
these, being in proportionate the carbon they contain, is ascertained by exploding 
}>ortion8 of gas before and after removal of the hydrocarbons with excess of oxygen, and 
comparison of the amount of carbonic acid produced in each case respectively, Tho 
diflerence is the amount due to the carbon of the luminiferous constituents. (Fur 
detail^ of the mode of analysis of such a mixture, we refer to Miller's Vhenmtryt ii. 
661, to Uegnaidt's Cours Klhmmtaire^ iv. 73, to Clegg's IWatise on Coal-gas^ and 
more particularly, for the most recent and accurate methods of operation, to Bunsvn'a 
Gasometrg^ p. 107, to the article Analysis (Volumbtiuc) of Gases, in this Dictionary, 
and to the article Coax-oas in the new edition of Urt^s Dictionary of Arts ^ Manvfao^ 
lures and Mines,) 

The Rev. W, It. Bowditch proposes to determine the relative illuminating power of 
coal-gas, in other words, the proportion of ethylene, propylene, and other heavy liydro- 
carbohs contained in it, liy the intensity of the red colour which tliey impart to wootly 
fibre moistened with sulphuric acid. When rich coal-gas, giving the light of 20 to 26 
sperm candles from consumption of 6 ft. per hour, is slowly passed through clean deal 
sawdust, w’^ell moistened with pure sulphuric acid diluted with five or six volumes of 
water, so that it may not bl^ken tlie sawdust, that substance instantly acquires a 
beautiftil pink colour, which gradually deepens to a dark mahogany ; with a poor 
gas, which gives the light of only ten or twelve candles at tho same rate of consumption, 
tile coloration is faint at first and deepens very slowly. Tho diflTercnces of coloration 
are so considerable and constant that they may perhaps be used us a means of deter- 
mining the illuminating value of the gas. By using a standard acid, the same kind 
of sawdust, a uniform volume of gas, and the same sized U-tubes, notation of time and 
depth of colour would give a close approximation to the light-giving value. (Proc. 
Roy, Soc. xL 26.) ...» 

In addition to the constituents estimated by these operations, it is frequently im- 
portant to determine sulphuretted hydrogen and bisulphide of carbon. ^ Their presence 
IS well detected by the simple and useful apparatus of Wright, consisting of an ar- 
numment for condensing the products of combustion iri>m a gas-jet, and testing the 
condensed liquid for sulphuric acid. 

Their amount may be determined by passing a known volume of gas through, 1st, a 
solution of caustic potash in water, and, 2nd, a solution of the same reagent in alcohol 
The fi>mier absorbs sulphuretted hydrogen ; the latter the sulphide of carbon, which 
it converts into xanthate of potassium, which is in turn decomposed by boiling. Dilute 
Mlntion of nitrate or acetate of lead ^ing added, sulphide of lead is precipitated, and 
its amount is Jndged of by comparison of the shade of colour produced in the liquid 
with a s<^ution containing a known quantity of lead precipitated in the like form. 

Another method of detecting sulphide of carbon in coai-gai^ is to pass it through an 
ethereal sotatioji oi ttiethylphosphine^ which forms with sulphide of carbon a compound 
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g in splendid ruby-red prisms (Hofmann* Ohem, Soc, Qn. J. xiii. 87^ 
This is a much more delicate test than the preceding. Hofhiann found that, on pass* 
^ a curr^^f coji-M ^^ugh a solution of^ur or fire drops of triethylphosphine 
in ether ronl^ed' in^'^'Wb-apparatus, a distinct red coloration was produced after 
0*2 of a cubic foot of gaifhad passed through the liquid ; and after 0*8 of a cubic foot 
had passed, tt|a.whole of the ether bad evaporated, and the inner surface of the bulb* 
apparatus warned with a beautiful net- work of the ruby ciy stale. 

Lastly, the sulphide of carbon may be easily detected by a method which likeisise 
serves tbr its removahij For this method we are indebted to the Eev. W, E. Bov* 
ditch (loo. cit.) It consists in decomposing the sulphide of carbon with hydrogen, 
thereby converting it into sulphide of hydrogen, which is easily detected and removed 
by the usual methods. When a mixture of hydrogen and vapour of sulphide of carbon 
is passed through a tube filled with slaked lime or clay, which has been dried between 
400® and 500® Fahr., and is kept between 400® and 600® during the passage of the 
gaseous mixture, the sulphide of carbon is completely decomposed, the lime or clay is 
blackencd'by a deposit of carbon, and sulphur sublimes in the exit-tube, while sulpliido 
of hydrogen passes through, and may be detected by acetate of lea^^/ The same effect 
is produced when coal-gas containing sulphide of carbon is passed’pyw, heated lime or 
clay, the free hydrogen in the gas then decomposing the sulphide of carbon in the 
manner just described. This method may be applied on the large scale to the puri- 
fication of coal-^ from sulphide of carbon, thfe sulphuretted hydrogen resulting from 
^e decomposition being afterwards removed by slaked lime in the ordinaiy way. 
“ ‘ ‘ lothervola 


Passing the gas over clay likewise decomposes other volatile sulphur-compounds which 
are not removed by the ordinary mode of purification with lime. These componmls, 
including sulphide of carbon, have long been regarded as the most troublesome im- 
purities of coal-gas. The sulphur which is evolved from the coal as sulphuretted hy- 
drogen, is easily removed by slaked lime ; indeed, the London coal-gas rarely, if ever, 
exhibits the slightest trace of this compound. But it always contains sulphide of 
carbon or some of the other volatile sulphur-compounds just mentioned, the proportion 
of sulphur contained in it varying, according to Hofmann {foe. cit.\ from 6*68 to 10*311 
grains in 100 cubic feet. Now the sulphur in burning produces sulphurous acid, which, 
besides being offensive to the senses, is very destructive to art-deconitions, bindings of 
books, &c. The removal of these sulphur-compounds will, therefore, do away with 
the greatest existing objection to the use of gas in dwelling houses. 

The use of clay as a purifier of coal-gas is likewise attended with other advantages, 
as it absorbs ammonia and other nitrogen-compounds which diminish the light-giving 
power of the gas. This effect is especially conspicuous when the gas given off to- 
wards the end of the distillation (p. 1036), is submitted to the action of the clay. 

Clay which has become chaigea with the impurities from coal-gas, may afterwards 
be used as a manure. 


Secondary Products obtained in the manufacture of CoaUgas, 

After a charge of coal has been worked off to the extent considered most desirable, 
the man-lids are removed from the retorts, and the residual coke raked out into barrows, 
wheeled awa^ and quenched with a jet of water. Its appearance and uses, as fiiel for 
locomotives, in the blast furnace, and in a vast number of technical operations, are too 
well known to need description, nor does space allow us to go into details of tlio 
numerous proces.ses which have^ been employed, with more or less success, for the 
economical preparation and purificalion of coke. 

The liquids condensed during passage of the gas through the hydraulic mains 
and condensera, are of a very 4|mplex character. They consist essentially of two 
portions, the one wat^ and the^pBier tarry, crude coal-tar varying in density between 
1120 and 1160, the lightest portions containing the largest proportion of liquid oils. 

The bMio substances contained in coal-tar include ammonia, aniline, ptcoHue, 
chinolinei pyridine, toluidine, and others of less importance. 

The aci^ include acetic in minute quantities, rosolie, brunolic, &c., but principally 
phenic or carbolic acid. The neutral nortions contain benzene, toluene, cumene, cynnena 
(Uquids) ; naphthalene, paranaphthaSene or anthracene, chrysene, and pyrene (solids). 

The commercial distillation of coal-tar is performed in large retorts, holding from 
200 to 600 gallonsL Tlie first products are gaseous ; next passes water charged with 
ammoniaeal salts, and contaminated with black oily matter. 

The proportion of oil continues to increase, while that of watery products diminishes. 
Fitially, after from 6 to 10 per cent, of the whole has passed in the form of light oiV* 
the product becomes heavier than water, and is collected apart as ^'kreasote oil,’' or 
“dead oil” used extensively for the pickling or antiseptic preparation of timber, and 
for burning into Ump^blaek. Naphthalene and other solid productMiow become abun- 
' dant and tVoil becomes pasty. Finally, the reaidue in the retort is urn off while hot, 
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Aod on celling becomes faa^ and brittle, constitntmg asphalt^ a product used in the 
manufacture of coarse varnishes, an^on a vastly larger wnde in laying down milwHy 
and oilier bridges, as a means of protMting their masonrydkoin.tlie of water. 

The heavy oil contains a variety of hydrocarbons of j^inV together 

with carbolic acid, to which latter it probably owes its antuseptio quaSi^. 

The light oils obtained in the above process are rectified, whereby alh^er portion of 
heavy ^ is separated and crude naphtha obtained. This is agitatSFwith snlphurio 
acid, and the supernatant liquid, upon careful rectification, yields the ‘‘highly rectified 
naphtha*' or “l^nzole** of commerce, consisting of a coqi^lox mixture of at least 
five oUa boiling at from 149*^ to 392® F., and of specific gravity '860 to '890. 

The watery Hquids deposited in tlio condenser during the manufacture of gas, are 
devoted to the production of sulphate and chloride of ammonium. They ore usually 
removed from the gas-works in flats or canal boats of known capacity, under contracts 
commonly taken at so much per 10,000 gallons. 

The manufacture of chloride of ammonium direct from the liquors, is conducted on 
a large scale itt, I<iyerpool, and consists essentially in saturating witli hydi*ochlorio 
add, cODCentratubl^ liquors, crystallising and subsequently siihliming the ciystals. 
A Abut lai^er^pt^^TO, however, of the crude gas-liquor is consuniod in the .manufitoture 
of sulphate of ammonium, by processes which consist essentially of distillation, with 
addition of lime, to decompose ammoniacal salts, and comlonsation of the vapour in 
sulphuric acid, concentration and ^stallisation of the solution after saturation has 
been effected. Sulphate of ammonium is employed in largo quantities in the muiiu- 
facture of artificial manur^. 

The above ore the chief products of distillat ion of coal at high temperatures, while 
those at regulated low temperatures are fur different. Under the latter conditions, 
the gaseous products ar4 reduced to their minimum, while the quantity of liquid and 
solid hydrocarbons is propctttionately increased. 

The Boghead Cannel of Bathgate, nehr Edinburgh, is extensively submitted to the 
process of slow destructive distillation, under the patent of Young, while successful 
efforts have lately been made by Mr. Blackwell, of Dudley, to turn to account the vast 
heups of somewhat bituminiferous shales or “ butts ** ejected from the cool mines of 
Staferdshire. 

To this subject we cannot further refer than td remark that for practical purposes 
the products may be separated into three portions. 

1 . Remains liquid at all ordinaiy temperatures and forms, after proper purification, 
a valuable burning oil, known as “photogen.** — D<*posits cry stills of solid hydro- 
carbons at very low temperatures ; used extensively for lubricating iniichineTy and 
known as “paraffin oil” — 3. Solid or semi-solid products, which when freed from the 
oils which contaminate them by pressure, &c. consist chiefly of paraffin {g. ».) and may 
bo emnlovod alone or mixed with tallow, stearin, &c. in the manufacture of candles. 

. A.W. W. 

OOBA&T. Kohale, Cobaftum,^S;/mbol, Co. Atomic Weighty 68*8.— The use of 
cobalt for imparting a blue colour to glass, appears to have been known to the Greeks 
and Romans, though most of their blue glasses were coloured with copper. Some of 
the pigments used ny the ancient Orec’ks likewise contaimtl cobalt. The use of cobalt 
for we preparation of smalt was introduced about the middle of the sixteenth century. 
The metal, in an impure state, was first extracted by Brandt in 1733, 

Cobalt is not a very abundant metal. It occurs os an arsenide, culled tin-white cobalt 
or cmaltine; as sulpharsenate, or cabal t-glmxce ; as arsenate, or cobalt-ldoom as sul- 
phate and 9B black earthy cobalt^ which is a compound of protoxide of cobalt with per- 
oxide of manganese. It also occurs in small quantity in other minerals — <08 in selenide 
of lead, eerite, and Flemish coal. In the metallic state, it occurs only in meteorites, 
many of which contain from O’l to 1 per cent, of it, associated with iron and nickel. 

l^repwroMon , — Cobalt is extracted chiefly from smaltine and cobalt-glance, or from 
the impure arsenate obtained by. roasting these ores. The roasting bu the effi*ct of 
driving off a considerable portion of the arsenic, which escapes as arsentous oxide, and 
is condensed in the manner described under Aesbnic (i. 366). The roasted prodi^ 
consists essentially of basic arsenite, arsenate and sulphate of cobalt, together with 
iron, niek el, and in smaller quantity bismuth, tin, copper, and manganese. When 
prepared on the l^e scale, it is mixed with twice its wciglit of siliceous sand, and 
sent into the market under the name of zaffre^ which is used for giving a blue colour 
to jglaaa, enamels, and pottery glaze. 

file preparation of a pure oxide of cobalt from the native minerals or the roasted 
owi, is effected hy one of the following processes: , , . , , 

t« Cobalt or smsltine is dissolved in nitric acid, or in dilute sulphuric or hydro- 
ehlorie acid, to which a little nitric acid is added — or the roasted ore or ^rthy 
eobilt is dissolved in snlphurie or hydrochloric acid ^one ; tlie filtered solution is 




evaporated to a laige quantity of aroenioua acid then flcparatimr ont' 

and the liquid ^ lugely diluted, separated ftim the arsenious acid, and Seated wi»h* 
a^phuietted as Jpng as the sulphides of arsenic, copper, and bismuth ( to- 

gether with tm)£0iltinu^ ^ precipitated. The solution is then filtered, and heaVd 
till the excess (#^k>hilk^ted hydrogen is expelled and the protoxide of iron con- 
verted into ses^wde ; c^onate of sodium is then add^d in excess, while the liquor 
is hoti to predmiate the ni^el |ind cobalt in the form of carbonates, and the iron as 
sesquioxide. The predpitat^ is then weU washed and digested with excess of aqutong 
owic acid ; the smuble ferric oxalate is separated by filtration from the oxalates of 
nickel and cobalt, which are insoluble even in excess of oxalic acid ; and the latter 
salts are triturated with dilute ammonia (it should be strong ammonia accordinfr to 
Stromeyer) and dissolved in excess of the ammonia, by agitation and gentle heatinir 
in a close vessel. The filtered solution, after exposure to the air for several days 
deposits the oxide of nickel in combination with oxalic acid and a small quantity of 
ammonia, while pure oxalate of cobalt remjiins in solution. (The oxalate of nickel 
separated as above may be freed from the small quantity of cobgdt-salt wliich falls 
down with it, by washing with water, rC-dissolving in ammonia, exposing the liquid 
to air, and separating the solution which contains the cobalt from the nickel pro- 
cipltat^, the purity of which increases at each repetition of the process.) The rosidno 
obtained by evaporating the ammoniacal solution of the oxalate, yields sesquioxide of 
cobalt when ignited in the air, and metallic cobalt if ignited out of contact of ah, 

(Lauffigr.)^ 

2. To ayoM the tediotm passing of sulphuretted hydrogen through the liquid,' the 
arsenic acid may be precipitated by first mixing the dilute solution with a ferric salt, 
and then adding carbonate of potassium in smali successive portions and with constant 
agitation, as long as the precipitate continues to exhibit a white or brownish colour 
(arsenate of ferric oxide) ; till, in short, a filtered sample of the liquid gives a reddish 
precipitate with a small quantity of carbonate of potassium. If tlie quantity of fcrri<! 
oxide be sufiicient, and the proportion of carbonate of tx)tassium rightly adjusted, tlio 
whole of the arsenic acid and ferric oxide may be precipitated. If the copper and 
bismuth be then removed hy sulphuretted hydrogen, it only remains to separate the 
nickel from the cobalt, (llerthier.) 

3. Finely powdered cobalt-ore is carefully roalited, and 1 pt. of it added in suc- 
cessive small portions to 3 pts. of acid sulphate of potassium . heated to the melting 
point in an earthen or cast-iron crucible. The mass, which is thereby ren<lorod pasty, 
18 then more strongly heated till it fuses quietly and no longer gives off fumes of 
sulphuric acid, as it is necessary* to drive away the excess of that acid. The mass, 
while yet liquid, is then taken out of the crucible with an iron spoon — broken fo 
pieces after cooling^ — dissolved in boiling water, and filtered from the arsenates of 
iron and cobalt, which are not soluble in a neutral liquid. Sulphuretted hydrogen is 
then passed through the filtrate to throw down any antimony, bismuth, or copper that 
inay be present — the liquid again filtered, and puw carbonate of cobalt precipitated hy 
carbonate of potassium. To prevent the formation of arsenate of cobalt, the roasted 
cobalt-ore, before fusion with sulphate of potassium, may be mixed with a small 
quantity of ferrous sulphate, so that the arsenic acid may combine with the oxide of 
iron contained in that salt in preference to the oxide of cobalt. No nickel is taken 
up by the liquid, because the sulphate of nickel is decomposed at u red heat [not so, 
however, the sulphate of nickel and potassium, unless the heat applied is rety strong]. 
The solution retains but a trace of irorfat the utmost. (Liebig, Pogg. Ann. xviii, 164.) 

4. One part of pulverised smalj^ or cobalt-glance is fused in a covered eartlien 
crucible with. 3 pta. of carbonatwv potassium and 3 pts. of sulphur, whereby the 
whole of the met^s present are c^K^rted into sulphides, and sulphide of potassium is 
formed, which unites with the sfilphide of arsenic, forming a soluble sulpharsenate. 
The heat must be^ so regulated that the sulphide of cobalt may not fiise, but remain in the 
form of a crystalline powder, because, if fusion takes place, portions of the sulpharsenate 
of pot^ium will be enclosed in the fused mass, and will be difficult to wash out. The 
miass is then freed from sulpharsenate of potassium hy repeated exhaustion with water 
and decantation ; ogfw treated with carbonate of potassium and sulphur, and then with 
water to remove the rest of the arsenic; afterwards dissolved in nitric acid or in 
dilute Bulphunc acid mixed with nitric; the solution is treated with sulphuretted 
hydrt^en to remove any remaining arsenic, together with bismuth and copper ; and the 
filtered liquid is treats as in method b, to separate the cobalt fr^m nickel and iron. 
(Wd'hler, Fogg; Ann. vi 277.) 

5. To obtain cobalt from black earthy cobalt ore, the mineral is dissolved in hydro- 
chloric acid ; the arsenic, antimony, lead, and copper are precipitated by sulphuretted 
hydrogen ; the filtrate is boiled with nitric acid to promote the further cnadatioii of 
the ifon ; the iron is precipitated by boiling with acetate of sodium; and the cobalt 
■eparated from the filtrate by sulphuretted hydrogen, which leaves acetate of manga- 
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nem vndecompoaed. The {nreeipitate it free from nickel, bat eontaine n trace of tine. 
Therlijpiid freed aieenic and copper by sulphuretted hydrogen *liiay likewise bo 
pieoipitated by sulphide of pota^um or barium, and the washed pr^pitate treited 
with cold dilute hydrochloric acid^ which dissolres the sulphides of jinr 

and iron, and leaves all the sulphide of cobalt undissolre^ (Wj^e^oder, N, Br! 
jLich. xvi. 13S.) ^ ^ ^ ^ j 

The greatest dilfic^ty in the preparation of pure oobalt-oompounds is the soparstion 
of the nickel Laugier s me^od {vitL awp.), affords tlielneans of obtaining a cobalt so- 
lution free from nickel; but it leaves a certain portion of tlio cobalt in the nickel pie- 
cipitate. For more complete modes of separation, adapted to quantitative analysis, see 
COnsxT, Dbtbotion and Estimation op (p. 1046). 

Hfeiallic Cohalt, — Cobalt is reduced from its oxides by ignition with charcoal 
more easUy than iron, or the difficultly fusible brittle metals; when thus reduced, 
however, it contains carbon. The purest metal is obtained by igniting the oxalate in 
a covered crucible, the salt, Co'C*0\ being then resolved into 2 at cobalt and 2 at. 
Carbonic anhydride. If the oxalate or the mixture of oxido and clnircoal bo covepe<l 
with pounded' glass free from reducible metals, and heated in a bliist-furimce, the co- 
balt is obtaiiM^ in the form of a iVisod regulus. Cobalt may also be r<Hluce<l frtfm ita 
oxides by hydro^n ; and if the heat applied be not very great, the reduced metal is 
pyrophoric, like iron reduced imder similar circiiin stances, and takes fire on coming 
in contact with the air, producing cobaltoso-cobaltic oxide. 

Cobalt rendered compact by fusion is rather hard, has a granular fraetdrs^ and is 
Somewhat malleablo at a red heat. The presence of arsenic, manganese, 6cc., renders 
it brittle. It has a steel-grey colour, inclining to red ; in tlie polished stato, however, 
rather to white. The statements respecting its specific gravity vary from 8-613, 
(Berzelius), to 8*7 (Lampad iu a). That of the metal reducedby hydrogen was found 
by Rammelsberg, in five experiments, to vary from 8*132 to 0-496; mean 8*967. 
ifqiociflc heat an 0*10696 (Begnault), 01172 (Do la Rive anti Marcot). It fuses 
more easily than iron, less easily than gold. It is attracted by the magnet, and is 
capable of receiving a slight magnetic power when rubbed with a magnet, this power, 
according to Pouillet, not being destroyed by the strongest red heat A minute 
quantity of arsenic destroys the magnetic power. 

Cobalt is not altered by the action of air and water at ortlinnry temperatures, but 
when very strongly heated, it takes lire, and is converted into cobsiltoso-cobaltic oxide, 
Co•0^ It decomposes aqueous vapour at n red hoat. It is dissolvwl by hydrucids and 
by dilute oxygen acids, with evolution of hydrogen, slowly however, and only wIkmi 
heated. The solutions have a fine red colour, and contain salts corroH)x>nding in com- 
position to the protoxide. It is easily dissolved by nitric acid, likewise forming a 
proto-salt. 

Cobalt forms several classes of compounds, the most numerous, and generally speak- 
ing the best defined being the di-compounds or cobiiltons compounds, c, g, Co(U^ 
CoO, CoS, CoSO^, &c. ; there are* likewise cobaltic- or tri -com pounds, <?. g, Co*(>\ 
Co'^'S* ; three oxides intermediate between the two preceding ; a dioxide, CoO*, a disul- 
phide, CoS®, a tricobaltic phosphide, Co*P®, and several chussos of salts containing bases 
in which cobalt is united with the elements of ammonia. 

OOBAXiT, A&XiOT8 OF* Cobalt unites readily by fusion with antimony and 
arsenic, the combination being attended with incandescence ; the resulting alloys are 
brittle, and have an iron-grey colour, 

Hiaraenids of Cobalt^ CJoAs*, is found native as smaltino or tin-white 
cobalt, being in fact the most abundant of cobalt ores. It occurs in crystals belong- 
ing to the regular system, viz. cubes, octahedrons, dodecahedrons, and intermediate 
forms. Cleavage octahedral, distinct; cuhic. in traces. It occurs al|io massive and in 
reticulated and other imitative shapes. Specific gravity 6*3 to 6'6. Hardness 6-6. 
Lustre metallic. Colour tin-white, inclining sometimes to steel-grey, sometimes to 
silver-white. It tarnishes by exposure. Streak greyish-black. Brittle. Emits a 
smell of arsenic whiln broken. It yields no sublimate when heated in a test-tube; 
but in a tnbe open at both ends a sublimate of arsenious acid is formed. It dissolves 
in nitric acid, living a residue of arsenious acid. 

Arsenide of cobalt is never found quite pure, t he cobalt being always more or less 
replaced by nickel or iron ; those varieties which contain more nickel than cobalt are 
called Cloanihite (see Niokbi.). The following are analyses of smaltine containing 
little or no nickel; n, from Biechelsdorf in Hesse, by Stromeyer (Odtt. gelehrte 
Anzeige, 1817, p. 72) ; 6, from Tunaberg in Sweden, by Varrentrapp (Pogg. Ann. 
nlviil606); c, ^hneeberg in Saxony, by E. Hofmann {ihia, xxv. 4864; d, 
ftnm the some locality, by v. Kobell; c. from. BiMhcIsdorfi^ by JAckel {Bafnvultherf ji 
Mineralchmie, p. 23) : — 

VoL.!, 'ax 
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Tli€|/armu!a CoAs’ requires 71^ As and 28*2 Co. When the p^^Sbrtion of iron ia 
Considerable, as in c, e, the mineral ia also called Safflorite, ^e compointion of e 
a^ees more nearly with the formula (Co ; Fe)^As*. Chatkamit^, from Chatham in 
Connecticut, is chiefly an arsenide of nickel and iron containing 1*3 per cent, cobalt. 

Smaltine occurs altered to cobalt-bloom by oxidation. 

Triarsenide of Cohalt, Co*As®. — This compound also occurs natiye as 
Skutterudite or Modumito {Tesstrafkies^ Hartkobaltkies^ JIartkohcUi\^ at Skut- 
terud, near Modum in Norway. It ciystalliscs in the regular i^stem, ediubitm^ faces 
of the cube, octahedron, dodecahedron, and trapezohedron. Clearage cubic, distinct; 
dodecahedi^ in traces. Also massive, granular. Specific gravity 6*74 — 6*84. Hard- 
ness a 6. Lustre bright metallic. Colour between tin- white and pale grey, some- 
times iridescent. A crystallised specimen analysed by Wohler (Pogg. Ann. xliii. 
69l)» gav® 79*2 As, 18*6 Co, 1*3 Fo « 99*0, the formula requiring 78*2 per cent. As 
and 20*8 Co. This mineral heated in a (dosed tube yields a sublimate of metallic 
arsenic. 


When smaltine ia ignited in a retort, part of tho arsenic is expelled, and there re- 
mains a lower arsenide of cobalt, which is non-niagnetic, and fuses before the blow- 
pipe to a brittle metallic globule. In cobalt-blue works, crystallised alloys of cobalt 
and arsenic are often, formed, containing also copper and iron. (Scheerer and 
Francis, Fogg. Ann. 1. 613.) 

With A of its weight of gold, cobalt forms, according to Hatchett, a dark yellow 
very brittle compound ; even pt. of cobalt is sufficient to render gold brittle. 

The alloy of cobalt with iron is very hard and difficult to pulverise. 

With mercury, cobalt forms a silver- white amalgam, which is attracted by the 
m agn et. 

With platinum, it forms a fusible compound. 

When cobalt is fused with silver, two layers are formed, the lower^ consisting of 
cobaltiferons silver, the upper of argentiferous cobalt; a small quantity of cobalt 
renders silver brittle. 

With tin, cobalt forms a somewhat ductile alloy of light violet colour. 

With zinc, it unites only with great difficulty, also with lead and bismuth, which 
exhibit with cobalt the same deportment as silver. 

COSAKXf BROSKraB CoHr^. — Cobalt takes up bromine-vapour at a dull 

red heat, forming a green compound which melts, and at a higher temperature suffers 
partial decomposition. The compound deliquesces rapidly in the air, foiming a ^ 
liquid. The same solution is obtained by heating finely divided cobalt with bromino 
and water. It turns violet-red on evaporation, and leaves a green mass when evapo- 
rated to diyness. By evaporating the solution over oil of vitriol, crystals of the 
hydrated bromide acid are obtained, which soon effloresce in the dry air of the receiver, 
but deliquesce when exposed to the air in its ordinary state. (Bammelsberg.) 

A solution of the bromide forinv, with excess of ammonia^ a blue precipitate, which 
turns green on exposure to the air^^afid a red solution which tarns brown in the air, 
and then sometimes depoeite red jm^ratio tables, perhaps consistiDg of a compound 
of Co®Bx® with bromide of ammoi^n (Bammelsberg.) 

Bromide of cobalt absorbs forming am monio -bromide of cobalt, 

6NH*.CoBi^, a red powder which gradually turns brown, and is resolved by water into a 
brown solutioD, and an insoluble green residue containing bromine* (Bammela berg.) 

COBABTt CBBOBXBBS OB. The dichloride, CoCl^ is fo^ed, with vivid 
incandescence, when pulverulent cobalt is heated in a stream of cfilorine-gas; it then 
sublimes in blue crystalline scales. It is also produc(Mi in the. wet way by dissolving 
cobalt or the protoxide in hydrochloric acid, hydrogen being evolved in the former 
cose, or by heating the sssquioxide, or coboltoso-cobaltic oxide (Co*0^), with hydro- 
chlorio acid, its formation being then attended with evolution of chlorine. The solu- 
tion is pink, and ^elds by evaporation non-dcliqnescent crystals of the same colour, 
consirting ii hyojwted chferide of cobalt. But if tiie pink solution be mixed with 
strong hydrochloric or snlnhuric add, it turns blue the more readily as it is more con- 
centrated and more stron^y heated. The effect appears to be due to the abstraction 
of the erystaUisaticm-water by the strong acid. According to Proust, aodi a solution 
sometimes deposits the bine crystals of the anhydrous chloride. The red colour is re* 
stoted by dilutioii with water. By evaporating the solution to dryness, or by headfig 
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^ lijwtals, byaToaUiN^ acid is eroJwd, and a CKeniHh bJoa maaa ia obtainad. 

eoiuiatiiig «r atto^cU(aid0-(B«k>elias), which ia decomposed at « higbei'taiuwn^ 
titrei yieidxi^ t^ sublimBte of anhydrous i^oride, and leaving an oxidised 

Tha anblimed ehloride forms soft loose crystalline spangles, unctuous to l£e^clu 
and of li|^t blna colour. On exposure to the air, it taSces up wa^ and becomes zose^ 
red, and is then easily dissolved by water, forming a red solution ; but if not preTiODslv 
hydrated in this manner, it is veiy slowly dissolved by water. ' 

The red solution forms a sympathetic ink. Characters written with it on r^per are 
colourless and mnsible or nearly so ; but when the paper is wormed by holding it neana 
Are, the writing becomes visible and'appeara of a beautifhl blue. After a while, as the 
salt absorbs moisture, the colour disappears, but may be rcproduc^ by the action of 
heat. If the paper be exposed to too liigh a temperature, the writing becomes black, 
and does not ^rflerwards disappear. The addition of a nickel-suit to the solution gives 
a green instead of a blue colour. 

Ammonio-ckhride of Cobalt, 4NH*.CoCl*, obtained by passing anirannia-gos over 
the heatod chloride, is a bulky powder of a pale roddish-whito colour. With water it 
forms a red-brown solution, and leaves a green powder. (H. Kose.) 


Trichloride of Cobalt, Co*Cl*, fs a very unstable compound, formed by dis- 
solving hydrated cobaitic oxide in cold liydrochloric acid. A bro\i*n sohitioTi is thus 
obtained, which begins to evolve chlorine, and pass into the protochloride, this 
effect taking place instantly on heating the liquid. The scsquichlorido is also formed 
in small miantity when chlorine is passeti through a solution of the protochlorida 
mixed with hydrochloric acid, the liquid then assuming a darker colour. 


COBAliT, SBTBGTZOir £LVn B8TZllCA.TZOir OB. 1. Blowpipe Re- 
aetion8,—Al\ compounds of cobalt fused with borax or pliospborus-salt before tho 
blowpipe, either in the inner or tho outer Aaino, import a splondid blue colour to tho 
bead, affording an extremely delicate test of the presence of the motnl. The produc- 
tion of the blue colour in both flames distinguishes cobalt from all other metals. If 
tho substance under examination contains a large cj[uantity of mangancso or iron, as 
well as cobalt, the bead formed in the outer flumo is violet in tho former case, green 
in the latter. If the gliuw be then heated in tho reducing flame, the manganese colour 
disappears, and that of iron changes to bottle green, tlie glass then exhibiting either 
the pure blue due to cobalt, or the greenish blue of a mixture of cobalt and iron. 

Cobalt-salts mixed with carbonate of sodium, are reduced on cliarcoal to a grey 
magnetic powder of metallic cobalt. 

2, Reactions in Solution. — Solutions of proto-salts of cobalt or co- 
baltous salts have a rose-red colour, excepting when they arc very concentrated and 
contain a free acid, in which case they are blue; dilution witli w-ater changes tho blue 
colour to red (p. 1042 )«• The neutral solutions faintly redden litmus. Sufj^it/drio acid 
produces no jprccipitate in cobalt solutions containing an excess of either of the stronger 
acids; but in a solution of the* acetate, or of any cobalt-suit mixiul with acetate of 

S otassium it forms a black precipitefe of sulphid«i of cobalt. Alkaline sulphides throw 
own the same precipitate, insoluble in excess of the rcttg(>nt. 

Potash OT Soda forms ki cobaltous solutions a blue precipitate of a basic salt, which 
ia insoluble in excess of the reagent, assumes a green or dirty bluish -grey colour on 
exposure to the air, from formation of sesquioxide, but if protected from the air, is con- 
verted into the hydrated protoxide of a ding^ rod colour. Tliis last change takes place 
quickly on heating the liquid, even if the air be not excluded. A solution of proto- 
chloride of cobalt containing a little scsquJchloride, yiclrls with potash a precipitata 
which does not change to dingy red, even on boiling, but merely acquires a darker 
colour. I 

Ammonia added in small quantity to a cobaltous solution forms a blue precipitate 
consisting of a basic salt, which, by continued digestion with ammonia out of contact 
of air, is converted into rose-red hydrated cobaltous oxide, the change being, however, 
much elower than when a fixed alkali is used as the precipitant. In contact with the 
air, the precipitate becomes green. If moro ammonia be added, it dissolves and forms 
A biownish-r^ liquid, which, if exposed to the air, absorbs oxygen, becomes red-brown, 
and then contains salts of various bases, consisting of the elements of ammonia 
united with the higher oxides of cobalt (ace Oobalt-Basss, AjocontacaiA If the 
solution contains but a small quantity of ammoniacal salts, which will be the case il 
the original cobalt solution was neutral, potash produces in it a precipitate of by- 
crated sesquioxide of eobadt; but if chloride of ammonium be oMed, or if the original 
solution contained an excess of acid which has been neutralised by the ammonia, 
potash produces no precipitate. 

Kenttol carbonats ofpotassitm op sodium, forms a rose-coloured precipitate of h^dro- 
enbemate of obbslt, wludi, when boiled, gives^ carbonic scad, and smmes a violet, 

3xS 
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OF, if tho alkalino carbonate ie in ezea^ a bine eidow. Jf %( preeit^fe be beikd 
for some time in contact with the air, its ^lonr changes to green. A s^ntion ef aeut 
carbonate of potaeeium formB^ in neutral cobaltous solutions, a xxise-colliaed precipi*. 
tate, ivith eyolution of carbonic acid, the liquid retaining a reddish colour which 'it 
does not lose for a yeiy long time. The precipitate ultimately changes t<> a mass ^ 
small rose-coloured crystals, consisting of a compound of neutral carboniHO cobalt 
with acid carlwnate of potassium. Frequently, also, there is form^ a qon^ preci- 
pitate, destitute of <^stalline structure, and consisting of a compdmia Of neutral car- 
bonate of cobalt with a very small quantity of cobaltous hydrate. of 

ammonium produces a red precipitate of carbonate of cobalt, soluble easp^ of the 
precipitant and in chloride of ammonium; the solution does not turn brom in contact, 
^;with the air. 

- ' Carbonate of .barium does not in general precipitate cobaltous salts at ordmaiy 
i* temperatures; 'ftom a solution of the sulphate, however, the greater pait'of thp cobalt 
is precipitated after a very long time, so that the remaining Hquid is nearly colourless. 
From a#olution of the chloride, no precipitation takes place in the cold, but by pro- 
longed boiling, the whole of the cobalt is precipitated. 

Oxalic add produces, after some time, a faintly reddish white precipitate, which 
gradually increases, the whole of the cobidt being ultimately thrown down as oxalate. 
I^e precipitate is soluble in ammonia, less easily in carbonate of ammonium. The rose- 
coloured ammoniacal solution, when exposed to the air, very slowly deposits the oxalate. 

Phosphate of sodium produces in neutral cobaltous solutions, a blue precipitate of 
cobaltous phosphate, soluble with red colour in excess of the cobalt-solutioi^ deposited 
again on boiling, and redissolving as the liquid cools. 

Cyanide of potassium produces a red-brown precipitate completely soluble in excess. 
The solution has a grass-green colour, changing, after a while, to pale brown, and 
yields, with hydrochloric acid, a reddish-white precipitate, soluble in potash. Sulphide 
of ammonium does not precipitate the cobalt from this solution, even after a long time. 

Ferrocyanide of potassium produces a green precipitate of ferrocyanide of cobalt, 
changing after a while to grey ; insoluble in hydrochloric acid.^ Ferrihycmi^ of potas- 
sium produces a reddish-brown precipitate, likewise insoluble in hydrochloric acid. 

‘ Brown peroxide of lead mixed with the solution of a cobaltous salt, precipitate 
nearly all the cobalt, after some time, in the form of sesquioxide ; the reaction is 
accelerated by heat. ^ , -a 

The non-precipitation by sulphydric acid in presence of free mineral acids, and the 
reactions with alkalis,— especially the formation of a brownish-red solution with excess 
of ammonia, from which sulphide of ammonium throws down a black precipitate, — aro 
together sufficient to distinguish cobaltous solutions from all others. The blovrpii>e 
reaction will of courso be resorted to as a confirmatory test. 

Many non-volatile oiganic substances, such as tartaric acid, prevent the precipitation 
of cobalt by alkalis, but not by sulphide of ammonium. 


Tri-aalts of cobalt, or cobaltic salts.— The liquid formed by passing 
chlorine into a solution of a cobaltous salt, or by treating it with chlorate of potassium 
end hydrochloric acid, till it assumes a brown-red colour and smells strongly of 
chlorine, exhibits the following reactions : — . . - 

Sulphydrio add produces no precipitate, but only a milkiness arising from separation 
of sulphur, the solution at the same ^me acquiring the rose-red colour cha^tenstic 
of cobaltous salts; Sulphide of anj^umium, after saturation of the free acid by am- 
monium, produces a block precip Ai e of sulphide of cobalt. Potash^ a ^k black- 
brown precipitate of hydrated dWtic oxide. Ammonia, a browniah-red solution, 
which ^ not change by contactmth the air. Carbonates of potassium and s^tum: 
ffceen solution which deposits a small quantity of sesquioxide. Ferrocyanide of / 

Mum, a green; and ferric^anide of potasdum, a brownish-red precipitate. Oxaltc 
add slowly produces a preapitate of cobaltous oxalate. 

3, Quantitative Cobalt is generally precipitated from its solutions 

by eauatio potash. The basic salt at first thrown down is converted into hytote ^ 
(P 37) by boiling in the liquid, and then well washed with hot water to free it from 
which adheres very obstinately to it. It is then dried and ignited in an dtao- 
sphere of hydrogen, by which it is reduced to the metallic, state. The reduction is 
most easily performed by placing the dried precipitate in a platinum or porcelain 
crucible through the ^d of which passes a tube connected with a hydrogen apparat^ 
The cruisible must be heated to full redness over a lamp ; if a lower degree ^ hwt be 
anplied. the reduced 'cbbalt will be pyrophoric, and is sure to oxi^ partly durmg 
iromhing. The stream of hydrogen must be kept up till the enable is qute colA 
is the precipitate thrown down by potash almost always retams a sm^ quantity of 
hlkali, cv^ after prolonged weighinj^ he well 
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n ia^Jtie liquid which tulb away no longer exhibits any alMin^ 
t laetal ^ ^ be dried, again ignited in hydrogen gas, and weighed. 

liefiwfen the two weighings seldom exceeds 0'2 per cent If the ooball 

SliM ^ solution of the sulphate, the precipitate may retain a 

of enlphurie acid : in that case, the reduced metal will contam sulphur, 
thim a mere trace, unless the precipitate has been boiled with the 
r long time. 

___ lie caiebonatee do not precipitate cobalt so comoletely as the euuBtic 
If £he oobidl-solation contains amnion iucal salts, the precipitation is not complete 
'wheii^ a fustic alkali is used, and the liquid well boiled. In that case it is 
l^jioeeBSaiy ttf precipitate by sulphide of ammonium, w'ltsli the precipitate, dry it on the 
flteer, bum the filter to ashes, then dissolre the sulpliide in nitric or uitromuriatic acid^ : 
and mecipitate with potash as above. 

If wlu^on contains none but easily volatile acids, such as nitric of hydrochlorio ^ 
aci^ and no fixed base but cobalt, thepneipitation may bo dispensed with altogether, 
the liquid being merely evaporated to dryness in the crucible, and the residue('i^it^ 
in an atmosphere of hydrogen, in the manner already described. ' 

^ Lastly, cobalt may be completely precipitated from its neutral solutions hj mtriie of 
potassium, in the form of potassio-cobaltic nitrite, or cobalt-yellow (p. 1068). The solu* 
tion is evaporated to a small bulk, and neutralised by potash if it contains excess of 
acid. A solution of nitrite of potassium is then added, together with sufficient acetie 
acid to neutralise any free potash in the nitrite : the whole is left at rest for two 
days, and'^he yellow compound which has separated is collected on a filter. The 
filtei^ liquid should also be treated with nitrite of potassium and acetic acid, and 
left at rest for some time, in order to see whether any further precipitate forms. The 
pv^ipitate is washed with solution of chloride or sulpliate of potassium, then dissolved 
hydrochloric acid, the liquid being heated till it is quite free from nitrous aci(^ 

^ Exhibits the rose-red colour of a cobaltous salt, and the cobalt is finally preci- 
pitoted ^ potash. This mode of precipitation serves to separate cobalt from nickel, 
rnne, manganese, and many other metals. (A Stro m ey er, Ann. Ch, Pharm. xevi. 218.) 

* i. Separation from other elements. — The metals of the first group (i. 217), 
arc separated from cobalt by precipitating them with sulphydric acid, fi*om solutions 
acidulated with one of the stronger minenii acids. Prom the metals of the third group 
and from the non-metallic elements, cobalt is separated by precipitating it ns a 
snlphide with sulphide of ammonium from neutral or alkaline solutions. In applying 
this method to the separation of cobalt from magnesium, it is necessaiy to add chloride 
of ammonium to retain the magnesia in solution, and even then the sulphide of cobalt 
sometimes eSmes down with it a small quantity of magnesia. This may, however, be 
prevented by boiling the whole till tlio free ummonin present is volatillaod, then 
adding a few drops of sulphide of ammonium, and liltering. 

Aluminium is best separated from cobalt by precipitation as insoluble diacetato 
(i. 13). . Tljp solution, if acid, is neutralised with carbonate of sodium, acetate of 
. sodium is added, and the liquid boiled for some time. 1 ho alumina is then precipi* 

' tatod in a form in which it may be eswily filtered and washed. The washing must bc 
performed with a warm weak solution of acetate of 80 <lium, as tho precipitate is slowly 
dissolved by pure water. The whole of the cobalt remains in solution, and the 
alumina, which may contain soda, is dissolved by hydrochloric acid, and precipitated 
sulphide of ammonium (i. 165). (II. Hose.) . . * . 

Aluminium cannot be separated from cobalt hysolutioTi of potash, tho precipitated 
oxide of cobalt always carrying some of the alumina with it. A better method is to 
fhse the mixture of the two bases with solid potash in a silver crucible, and extract 
r the friaed mass with water. The oxide of cobalt which then remtims may contain a 

little potash, but it is free from alumina. ^ ^ ^ a t •tx. 

Another very good mode of separation is to mix the solution of the two naSM wita 
tartaric acid and excess of ammonia,— which will not tJien precipitate either of them,^ 

. and add sulphide of ammonium, which will thraw down the cobalt and leave the 
- aluminiam in Bolution. The precipitated aulpbide of cohalt U then to be ^tod 
with nitric acid, &c, aa already explained; the filtrate containing the alumiiw 
omporated to diyneaa, and the reaidue ignited to burn away the orptnic matter. M 
no other baae ia preaenl, the ignited reaidue will coneistof pure alumina, which may ^ 
wwBhed: in the oontraiy cue, the reaidue muet he duaolred m hydnwhlorw aci^ 
and the alnmina predpiUtad by one of tho method* given on page 1«6. 
buraing away of the oigaaie matter take* a long tune, it i» perhap* better to 
it bjr telling the liquid with chlorate of potamium and hydroehlono amd, and then 
precipitato aluminae . , , • t 

Comt may also bo oepaittted from alumiiufim by precipitation with of 

potassium. 
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From glncinnm, cobidt may be separated either of the two methods last-mea- 
tioned; also from yttrium, zirconium, thorium, cerium, lanthanum and 
didymium. The fast three metals may also be separated from cobalt by preeipita* 
tion with svlfhaU ofpotimium (L 833), or with oxalic acid from a solution containing 
excess of ammonia. ” 

From iron, cobalt js most easily separated by precipitating the two Iketals with 
stUphide of ammonittm^ and digesting the washed precipitate in dilute hydrochloric 
acx^ which dissolves the iron and leaves the cobalt As, however, very small quantities 
of sulphide of cobalt may likewise be dissolved, it is best to reprecipitate the iron by 
sulphide of ammonium, and treat the precipitate with very dilute hydrochloric acid : any 
slight traces of cobalt that may "be mixed with the iron will then be left undissolvod 

Cobalt may also be separated from iron (in the state of ses^uioxide) in the same 
manne^^ as alumininm, viz. by boiling the neutralised solution with acetate of sodium. 
The iron is then precipitated, while the cobalt remains in solution^ The iron preei* 
pitate is washed with warm dilute acetate of sodium, dissolved in hydrochloric acid, 
and the iron reprecipitated by ammonia; and the cobalt is precipitated by sulphide of 
ammonium. If the iron in the origin^ solution is in the state of protoxide, it must 
first be converted into sesquioxide by heating with nitric acid. This method yields veiy 
exact results, 

A third method of separating iron (as sesquioxide) from cobalt, is to mix the solu- 
tion, if neutral, with a considerable quantity of chloride of ammonium, then cautiously 
add ammonia till a permanent precipitate of ferric oxide just begins to form, and preci- 
pitate the rest of the iron with succinate of ammonium. The cobalt remains in solu- 
tion, and the ferric succinate, after being washed and dried, is ignited with good access 
of a.ir, to prevent reduction of iron by the organic matter (see Iron). This metliod is 
not, however, so good as the two preceding, as the oxide of iron, when examined by 
the blowpipe, always exhibits the presence of a small quantity of cobalt. 

Lastly, cobalt may be separated from iron by precipitation with nitrite of potassiwn. 

From manganese (existing in solution as a manganous salt) cobalt may be easily 
separated by pr^piteting the two metals as sulphides, and dissolving out the sulphide 
of manmnese with dilate hydrochloric acid, in the samo way as for iron. 

Another method, proposed by Liebig, is to precipitate tne two metals as cyanides 
with cyanide of potassium, then add a sufiicient excess of that reagent to remssolvo 
the cyanide of cobalt and part of the cyanide of manganese. The Tatter is collected 
on a filter and washed ; the filtered liquid is heated, and hydrochloric acid is slowly 
added by drops, care being taken not to add enough to render the liquid acid; and 
the separation of the cobalt and manganese is effected exactly in the manner which 
will presently described for the separation of cobalt and nickel. The cyanide of 
manganese previously separated by filtration is dissolved iu hydrochloric acid ; the 
solution is boiled till the hydrocyanic acid is completely volatilised, the manganese is 
precipitated by carbonate of sodium, and the quantity thus obtained is add^ to that 
determined the other way. 

If the cobalt and manganese exist in solution as chlorides, the liquid may be evapo- 
rated to dryness ([being transferred to a porcelain crucible when reduced to a small 
bulk), and the residual chlorides ignited in an atmosphere of hydrogen in the manner 
described at p, 1043, as long as vapours of hydrochloric acid continue to escape. The 
cobalt is then reduced to the metallic state, while the chloride of manganese remains 
undccomposed, and may be dissolved ^ut by water. The metallic cobalt which re- 
mains is washed with hot water^^n digested with a small quantity of very dilute 
acetic acid, to dissolve out any quantity of chloride of manganese that may 

remain, afterwards ignited in a cnsRit of hydrogen, and weighed. The manganese is 
precipitated from the solution of iW chloride by carbonate of sodium. If the tempera- 
ture be raised too high during the redaction by hydrogen, a small quantity of chloride 
of manganese may be volatidi^d. 

Another mode of separating cobalt from manganese, is to digest the mixed protoxides 
(precipitated by an alkali) in a solution of i^tasulphiide of caUdum, which oonveris 
them both into sulphides, dissolving the solpnide of cobalt, and leaving the sulphide 
of manganese undiMolvecU 

From nickel, as from most other metals of the second group, cobalt is most easilT 
separated by precipitation with nitrite of potassium, the process being performed 
exaeUy as described at p, 1046. With due attention to the precautions there iudi- 
eate^ the whole of the cobalt is precipitat(^ without a trace of nickeL 

Another method is that oi H. &)se, dep^ding on the fact that protoxide of oobslt 
in solution is converted by chlorine sesquioxide, whereas with nicked tliis change 
does not take place. The metals or l&ir oxides being dissolved in excess of bydro- 
'"^hloric^Hpd, the soiation is diluted with a large quantify of water, about a pound of 
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water to » gramme of Ae metab or their oxides. Chlorine gas is then passed thioach 
the BotaUon for reveral hours, till, in faet, the space ahove the liquid becomes Mr- 
manently filled with the gas ; carbonate of barium is then added in excess; and the whole 
is left to atand for twelve or eighteen hours, and shaken up from time to time. The pro- 
cipitate, cmaapting of sescjuioxide of cobalt and carbonate of barium, is then eoUected 
on a flltc'T, a ffi i wsahed with cold water. The filtered liomd, which has a pure green 
colour, conteins all the nickel without a trace of cobalt The precipitate is boiled with 
hydrochloric acid to convert the sesquioxide of cobalt into protoxide, and dissolve it 
together with the baryta ; the latter is then precipitated by sulphurio acid, and the 
cobalt from the filtrate by potash. The nickel is also precipitated by potash, eiter the 
removal of any baryta that the solution may contain by sulphurio acid This method, 
if properly executed, gives very exact results. The chief precautions to be attended 
to. are to add a lar^e excess of chlorine, and not to filter too soon, because the preci- 
pitation of sesquioxide of cobalt by carbonate of barium takes a long time. 

According to Henry, bromine may be used in the preceding process instead of 
chlorine as the oxidising agent. 

Liebig has mven everal methods of separating these two metals, founded on the 
difference of their reactions with cyanide of potaasium. 1. The oxides of the two 
metals are treated with hydrocyanic acid and then with potash, and the liquid warmed 
till the whole is dissolved (pure cyanide of potassium, free from cyanate, may also bo 
nsnd «8 the solvent). The reddish-yellow solution is boiled to expel fjreo hydrocyanic 
acid, wherouphn the cobaltocyanide of potassium (K*Co"Cy<), formed in the cold, is 
converted into cobalticyanido (K«(Co»V'0y>2), while the nickel remains in the form’ of 
cyanide of nickel and potassium (K*Ni"Cy^). Pure and finely-divided rod oxido of 
nicrcuiy is then added to the solution while yet warm, whereby the whole of the 
nickel is pr^ipitated, partly as oxido, partly as cyanide, the mercury taking its place 
in the solution. The precipitate contains nil the nickel, together with excess of mer- 
curic oxide; after washing and ignition, it yields pure oxide of nickel. The filtered 
solution contains all the cobalt in the form ef cobalticyanido of potassium. It is 
supersaturated with acetic acid, boiled with sulphate of copper, which precipitates the 

cobalt in the form of cobalticyanido of copper (Cu*(Co»)^'Cy>M4ir'‘0), and the precipitate 
retained in the liquid at a boiling-heat till it has lost its glutinous character* It is 
then washed, dried, ignited, and dissolved in hydrochloric acid mixed with a littla 
nitric acid ; the copper is precipitated by sulpbydric acid ; and the filtrate, after boiling 
for a minute to expel the excess of that gas, is mixed with boiling caustic potusli to pre- 
cipitate the cobalt (Ann. Ch. Pliarm. Ixv. 244). — 2. Instead of adding the oxide of 
mepcuiy, the solution containing the mixed cyanides may, after cooling, be super- 
saturated with chlorine, the precipitate of cyanide of nickel thereby produced being 
continually rcdissolved by caustic potash or soda. The chlorine produces no change 
in the cobalticyanido of potassium, but decomposes the nickel-comjwund, the whole of 
the nickel being ultimately precipitated in the form of black sesquioxide. (Ann. Ch. 
Pharm. Ixxxvii. 128.) 

Liebig's first method (ibid, xli. 291), wliich consisted in treating the solution of 
the mixed cyanides with excess of hydrocliloric or sulphuric acid, whereby the nickel 
was precipiteted as cobalticyanide of nickel, Icaring ii tolufioii of cobalticyanido of 
potassium, has been found, both by himself and others, not to gi\'e perfectly satis-, 
loctory rcsults.1 The method by oxalic acid (p. 1040), and the nrecipitation of nickel 
from an ammoniacai solution of the two metals by iwlash (see KicJUiL) ore not sufll- 
ciently accuraje for quantitative analysis. 

P. Claudet jseparates cobalt from nickel and other metals in the form of tlie ammonio- 
compound desenbed on page 1052, that compound being very insoluble, while corre- 
sponding compounds of the other metals do not appear to be formed under the same 
circumstances. 

Prom uranium, in the state of sesquioxide, cobalt, as protoxide, may be separateil 
by means of carbonate of barium, which throws down the uranic oxido and leaves the 
uob^t in solution. (For other modes of separation, see UftANiuM.) 

Prom zinc, cobalt may also be easily separated by precipitation vnth ftHnte of 
potawium. Another mode of separation is : Convert the two metals into chlorides, 
and reduce the chloride of cobalt with hydrogen, as desmbed for the sej^tion of 
cobalt from manganese; the chloride of zinc then remains unaltered, and may m 
dissolved out. Thh^y, the metals may be precipitated by Ci^bonate sodium, the 
earbonales dissolved in a large excess of acetie acid, and sulphydnc attd 
through the solution. The zinc is thereby proe^tated bm sulphide, while cobalt 
remains dissolved. To ensure complete separaSon, it is necewary to add a 
excess of acetic acid. Fourthly, the separation may be effected by precipitating the 
cobalt as sesquioxide, by, means of peroxide of lead (p. 1044). 
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6, Valuation of Cobalt- ores. — The raZna of a cobalirore is estimated either 
by the amount of protoxide that it will yield, op by its power of imparting a blue 
eol€far to glass and enamel (For the latter mode of raluation we refer to the article 
SMAI.T.) 

To estimate the quantity of protoxide contained in a cobalt ore, the ore may be 
treated by eithpr of the methods already giTon (pp. 1039, 1040), to separate the arsenic, 
copper, iron, &c., the cobalt being afterwards separated from the nickel, and estimated 
by either of the processes described on pp. 1044, 1045. 

(For Plattner^s method of estimation in the dry way, see his Ireatiae on the Blowpipe, 
translated by Mnspratt, also Kerfs Huttenkunde^ iii. [1] 340, 842). 

6. Atomic Weight of^ Cohalt , — Dumas has determined the atomic weight of 
cobalt by the quantity of silver required to decompose a known weight of the chloride. 
Pure metallic cobalt was dissolved in nitro-muriatic acid, the solution evaporated to 
dryn^s, keeping the hydrochloric acid continually in excess ; the residue ignited in a 
stream of hydrochloric acid gas, or else heated in vacuo ; and the chloride of cobalt 
thus obtained was decomposed by nitrate of silver. Five experiments thus made gave 
for the atomic weight of cobalt, uumbers varying from 59 »> to 59*18. Dumas regards 
59 as the correct number (Ann. Ch. Pharm. cxiii. 24). This agrees with the original 
determination of Roth of (Pogg. Ann. viii. 185), which was made by converting a 
known weight of the protoxide into chloride, and tlien precipitating by nitrate of silver. 
Schneider (Pogg. Ann. ci. 317), from the analysis *of the oxalate, estimated the 
atomic weight of cobalt at 60 ; but the number 59 is generally regarded as correct. 


COBiLlLT, BilBTKY, or Asholan , — A variety of wad or earthy manganese, 
containing oxide of cobalt. (See Wad, and Manganese, Oxides of.) 

COBA.X1T, FXiTrOBZBB OF, Co"F*, may bo obtained by dissolving cobaltous oxide 
or carbonate in aqueous hydrofluoric acid. The solution yields by evaporation sniiill 
irregular rose-coloured crystals containing Co"F'*.2H®0. The compound dissolves 
without decomposition in water containing free hydrofluoric acid, or in a small quantity 
of pure water ; but with a larger quantity of water, it is resolved into an acid liquid 
containing cobalt, and an insoluble pale r^ basic salt consisting of 2Co®F*0,H*0. 

Fluoride of cobalt unites with the fluorides of ammonium and potassium, forming 
sparingly soluble double salts which ciystallise in pale granular crystals. (Ber- 
zelius.) 


OOBABF 4 ZOBXBB OF, Co"I*, is produced, by digesting finely divided metnllic 
cobalt with iodine and water, the mixture becoming heated to the boiling point. With 
a small quantity of water it forms a green, and with a larger quantity, a red solution, 
and remains, on evaTOmtion, as a dork green deliquescent mass soluble in alcohol. 
(Erdmann, J. pr. Chem. vii. 354.) 

AmmonioAodidcs of Cohalt , — Iodide of cobalt absorbs 3 at. ammonia-gas, forming the 
compound, Co' I*,4NH*, which is a reddish-yellow powder, A concentrated solution of 
iodide of cobalt forms with ammonia a reddish-white precipitate which dissolves on 
beating, leaving only a few green flocks. The solution deposits small rose-coloured 
crystals, which, as well as the reddish-white precipitate, consist of Co"I*.4NH*, hut 
appear also to. contain water. When dried, they give off ammonia, turn brown and 
afterwards green. Water decomposes them, liberating ammonia and depositing a green 
powder. A dilute solution of iodide of cobalt forms with ammonia a blue precipitato 
which turns green when exposed to the air, and a brown solution. (Rammelsberg, 
Pogg. Ann. xlviii. 166.) ^ 

COBAXiTf 03CZ1IB8 OF. Bn following oxides of cobalt are knoii^ ; 


Protoxide or cobalto«4 oxide 
Besquioxide or cobaltic oxide 

Intermediate oxides . 


. Co^O 
. Co*0» 
fCo»0* 
. JCo*0» 
ICJo'O* 


The protoxide is a strong, the sesqnioxide a weak base. According to Fr4my, the 
oxide Co’O^ is also a saliflable base, which unites directly with acetic acid and exists in 
some of the ammoniacal salts of cobalt. Fr4my has alro obtained salts of nature 
containing a dioxide of cobalt, Co*0^ 

Protoxide of Cobalt or Cobaltous Oxide^ CoK). — This oxide is obtained by 
igniting oobaltons hydrate or carbonate in dose ressds ; by igniting the protoehloride 
in a stream of aqueous vi^ur (Schwarz enberg) ; alro, mixed in rations propoitioiis 
^tli SiEssmioxid^ when finely divided cobalt burns in the air, or when the compset 
U neated to redness in the air. The pare protoxide is a Ught greeni^-giey or 
oliye-gree |||^|||||^^ powder. It is reduced to the metallic state at a red h^ by 
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hydrogen, chaMXwl, csrlxmio oxide, potaesium, and eodinm. When heated with anl- 
pbur, it i« converted into sulphide of cobalt and salphuroua anhydride; and with 
sulphydric add, it yields water and sulphide of cobalt. 

Hydrated cobaltous oxide, or CSobaltous hydrate, CoH*0*, or CoO.H*0, is produced 
when a cobaltous ealt is decomposed by potash out of contact of air. A blue basic salt 
is first produced which changes gradually at ordinary temperatures, quickly, on filing, 
into the rose-colonred hydrate. If the cobalt-solution be dropped into stroiw boiling 
potash-l^, the change firom blue to red is almost too rapid to be traced, ^baltous 
hydrate is a ^wder of a din^ rose-red colour, which gives off water at 100® C., and 
is converted into the protoxide if tho air be excludtd, into a higher oxide if exposed 
to the air. It dissolves readily in acid^ forming the cobaltous salts. 

Stsguioxide of Cobalt^ Cobaltie Oxide, Co*0*, is formed when chlorine is 
transmitted throujgh water in which tho hydrated protoxide is suspended, or when a 
salt of tho protoxide is precipitated by a solution of chloride of lime. In tho former 
case, water is decomposed by the chlorine, and hydrochloric acid produced, while tho 
oxygen of the water peroxidises the cobalt : 

2CoO + H*0 + Cl* - Co*0* + 2IIC1. 

The sesquioxido of cobalt is precipitated as a bhick hydrate, which, when cautiously 
heated to 600® or 700® C,, yields the black anhydrous oxide. Wlioii sesqnioxide of 
cobalt is digested in hydrochloric Jicid,c}»lorino is evolved, and the p rot ochlorido formed. 
Exposed to a low red heat, tho sesquioxido loses oxygon, and the compound oxide, 
CoO.Co*0*, is produced (Hess). When protoxide of cobalt is calcined with a borax 
glass, at a moderate heat, it absorbs ox^^gen, and a black mass is obtained, which, 
mixed with manganic oxide, serves as a black colour in enamel paint iiig. 

Sosquioxide of cobalt acts as a weak base. Pliosphoric, sulphuric, nitric, and hydro- 
chloric acids dissolve its hydrate in tho cold, without decomposition at first, but the 
resulting salts are afterwards reduced to salts of tlu? pvot()xi<lo. A protosalt of cobalt 
containing a small quantity of a sesquisult is somewhat deepened in colour. * Tho 
most permanent of the sesquisalts is the acetate ; tho hydrated sesquioxido while yet 
moist dissolves in acetic acid, slowly but completely. Tho solution, which has an in- 
tense brown colour, forms a brown precipitate with alkalis and alkaline carbonates. 
With ferrocyauide of potassium, it forms a dark precipitate, which, if the precipitant 
is in excess, gives up cyanogep to it, converting it into forricyanido of potassium and 
being itself converted into green ferrocyanido of colialt. Alkaline oxalates colour tho 
solution yellow, forming an oxalate of tho oxide Co*0*. 

Cobaltoso ‘Cobaltie oxides. — a. The oxide, Co*0*=:CoO.Co*0*, is obtained in 
the free state by heating tho nitrate or oxalato of cobalt, or tho hydrated sesquioxido, 
to redness in contact with tho air (Hess, Ilammelsberg) ; but according to Reeta 
and Winkelblech, tho oxide thus obtained is Co®0’. When the residue obtained by 
gently igniting the oxalate in contact with tho air is digested in strong boiling hycirr)- 
chlonc acid, the oxide Co*0® remains in hanl, brittle, greyish -block microscopic 
ocUhedi^ns having a metallic lustro. The same crystalline compound is obtained by 
strongly igniting dry protochlorido of cobalt, alone or mixed with sal-ammoniac, in 
dry air or oxygen gas. (Schwarzenborg.) 

This oxide, according to Fr^ray, is also a salifiable base. The corresponding oxalato 
has already been mentioned. The acetate is obtained by digesting in dilute acetic acid 
tho hydrated oxide obtained by continued action of oxygen on the blue precipitate thrown 
down from ordinary cobalt-salts by potash not in excess. Fp6my also states that when 
chlorine is missed into the solution of ordinary acetate of cobalt, a brownish-yellow salt 
is formed obtaining the base Co»Cl*0*. or Co*0* in which 1 at. O is replaced by Cl*. 
This chlorine-base exists also in some of the ammonio-compounds of coV>alt (p. 4S), 
b. The oxide, Co®0»«4CoO.Co*0» is said by Winkelblech to be‘ formed by keeping 
the hydrated protoxide at a red heat in the air for a wnsiderablo time, or by first 
reducing it to the metallic state by heating it very gently in a stream of hydrogen, and 
then burning it again by passing air through the tube. Ac<Mirding to Rammolsbo^, 
however (Pogg. Ann. Ixxiii. 93), the oxide obtained by either of these prricesses is Co O . 

o. Another oxide, Co®0* « 6CoO.Co*0», is said to be obtained by precipitating 
cobaltie nitrate with ammonia, exposing the liquid to the air till the blue precipitate 
turns green, then suspending the precipitate in water, and exposing it to the eir for a 
month till it turns quite yellow. But riie yellow hydrate thus formed always retaiiui 
a trace of nitric acid, which cannot be removed even by long contact with wator, 

A eohaltie acid (or anhydride). Co»0», is obtained m combiuation with ^ 

■trcmgjy igniting the OKide, Oo*9*. or the protoxide or 

potassittnie AciystalUne salt is then formed which, when dried at 100. C., eontaillii 
k*0.30oK)» + 3 «q., and giree off I at. imter at 130®. (Sehirarxenherg.) 

l>ioxide of Cobalt, CoO*, has not been obtained m the flMf yp^j^tmt may oe 
eupposed to exist in the oxycobaltic sails (p 1066). 



im COBALT: OXTSIJLPHIDB ^ SULPHIDEkS, 

OOBA%T, OJtTSVXiVXXllB Ol>, (3o*SO, or CJoS.OoO, ^Produced bv im, *' 
the sulphate in hydrogen gas. Water and sulphurous acid escape, and theiK JT* 
a dsirk grey sintered mass which is not altered by the further action of the hvd 
Cold hjdrochlone acid decomposes dissolvi^ oxide of cohalt and leaving 
bat if heat be applied, the sulphide likewise dissolves. (Arfredson,) ° ^ 

COaMT, OXram-SMTM OV^The cohaltous saltB are produced bydis. 

solving metallic cobalt in the stronger acids ; by the action of adds on the protoxide 
hydrate, or carbonate ; by boiling the hydrate or carbonate in solutions of ammonia 
salts, ammonia being then evolved and a cobaltons solution formed ; and by precipita- 
tion. The carbonate, phosphate, borate, silicate, and those which contain metallic acids, 
arc insoluble in water; most of the others are soluble. The insoluble salts have a 
violet or pcach-blossom colour ; the dissolved salts a rose colour. The neutral solu- 
tions redden litmus slightly, Por their reactions and those of the cobaltic salts see 
pp. 1043, 1044. 

COBAZiT# BBOSPBZBEa OF. — The tTieohaltic phosphide^ or tricohalUphos- 
phincy Co*P*, was obtained by H. Bose as a grey powder, on passing hydrogen gas ovor 
basic phosphate of cobalt ignited in a porcelain tube. It is also produced by the 
action of phosphoretted hydrogen on chloride of cobalt. 

Another phosphide containing a very large excess of cobalt js produced when pieces 
of phosphorus are thrown on red-hot cobalt ; when 1 pt. of the metal is ignited with 
7 pts, glaciul phosphoric md and ^ charcoal powder; and when a mixture of 
70 pts. metallic cobalt or oxide of cobalt, 100 bone-ash, 50 pounded quartz, and 10 
charcoal is exposed for an hour to the heat of a blast-furnace. Tlio compound pre- 
pared by the first or second method is bluish-white, with metallic lustre, brittle, of 
acicular structure, more fusible than cobalt, contains 6 per cent, phosphorus, and hiirn.s 
to a dark blue glass when licated (Pelletier). The product obtained by the third 
process is of a shining white colour, very fusible, non-magnetic, and often has needle- 
shaped crystals in its cavities. 
coBAETf BED. Syn. with Cobalt-bloom (p. 1057). 

COBAXiTf SBDmsrXDB OF. Heated cobalt unites with selenium, forming h 
grey mass, which exhibits metallic lustre and ciystalline structure, and melts at a rt tl 
heat ; the combination is attended with igniticn. (Berzelius.) 

COBAXiTf SXTXiFHZDSB^ OF. The proiosulphide, Co"S, occurs native 
«s Syepoorite, a massive mineral of steol-groy colour inclining to yellow, found 
disseminated in grains or veins in ancient schists, associated with magnetic pyrites, 
at Syopoor, near Bnjpootanah, in North-west India. It is employed by the Indian 
jewellers to give a rose-colour to gold. According to Middleton’s analysis (Phil. 
Mag. [3] xxxviii. 352), it contains 36-36 S, and 64-64 Co, ngreeing closely with the 
formula Co'^S. 

The protosulphidc maybe prepared by throwing sulphur on red-hot cobalt contained 
in a retort, also by heating the protoxide with sulphur, and by igniting cob.iltous sul- 
phate to whiteness in a crucible lined with charcoal. As thus obtained, it is a grey 
laminar mass having the metallic lustre; according to Bcrtliier, it is magnetic. In 
the^wet way, it is produced by precipitating cobaltons acetate with sulphydric acid nr 
any neutral cobaltous solution with an alkaline sulphide. The precipitate is a black 
powder which gives off* water when lieated, and in the moist state slowl}" oxidises in the 
air, being converted into sulphate. It is insolnble in alkalis and alkaline sulphides, 
soluble in concentrated mineral arnds, insoluble or nearly so in dilute acids. It 
unites with acid sulphides, formi A^ ulphur-salts. which are all insoluble in water. 
According to Antlion, it dccompdfi| the solutions of other metals, c, g, iron, nickel, 
copper, and silver, a sulpliide of ^ other metal being precipitated and the cobait 
taking its place in the solution. 'This appears somewhat inconsistent with the action 
of dilute hydrochloric acid on a mixture of the sulphides of iron and cobalt, which, 
according to ll. Bose (p. 1044), afifords a method of completely separating cobalt from 
iron. It unites with peroxide of cobalt, forming an oxysulphide {vid, sup.). 

Sesquisulphide of Cohalt, or Cobaltic /Suiyi Aids, is obtained by precipitating 
cobaltic acetate with sulphydric acid, or by heating cobaltic hydrate, but not to redness, 
in an atmosphere of the same gas. It has a dark grey colour. According to Fallen- 
berg (Fogg. Ann. 1. 73), it is obtained in graphitic larainse by imiting the protoxide with 
sulphur .and on alkali. Linntgite or ccMt-pyriUs is commonly stated to be a sesqui- 
sulphide, blit its composition approaches more nearly to that of the following compound. 

Cd%altoso •cobaltic Sulphide, Co’S\ or CoS.Co^S*.— from Miisen, 
near ISfogBUi in Prussia, has nearly this composition, yielding, according to 
^iidysis, 43-25 S, 53-35 Co, 0'97 Cu, and 2*30 Fe »» 98*37, the formula 
reqnixfhg 58 Co (I) an a, ii. 66). In most varieties of this mineral, however, the 

cobalt is a gmtor extent by copper or nickel. (S^ LmKiBitE.) 
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Oxjsulpliida of tdbolt Heated in aulph^ric add gas yields a product which appaara 
to be a sulfide intemediate in composition between the proto- and sasqui-aulpudes, 
(A nth on.) 

Digulphide of Cohalit OoS^ may be supposed to exist in combination with 
ftraenide of cobalt in cobaltine {q, v.) 


COBA&T-SAaS8, AMMOVXAOAXi. (F. Glaudot [1857]. Phil. Mag. [4] iL 
2»53. — Go nth, Ann. Ch. Fharm.lxxz. 275. — ^FrOmy, Ann. Ch. Phys. [3] xxxy. 257«’— * 
Bogojski, ibid. xli. 445. — Gregory, Ann. Ch. Phami. Ixxxvii. 125. — Gibbs and 
Gen th. Smithsonian Contributions, 1856 ; Sill. Am. J. [2] xxxiii. 234, 319 ; xxxiv. 96 ; 
Ann. cL Pharm. civ. 160, 295; Jahresber, f. Chom. 1857, 227. — Kiinsol, J. pr, 
Chem. Ixxii. 209). — Cobaltous salts treated with ammonia in a vessel protected from 
the air unite with the ammonia, forming compounds which may bo called ammonio- 
cobaltous-salts. Most of them contain 6 at. ammonia to 1 nts of the cobalt-salt; 
thus the chloride contains CoCl*.6NJP + aq. ; the nitrate Co(NO*).6NH* + 2aq. They 
are generally crystallisable and of a rose-colour, soluble without decomposition in am- 
monia, but decomposed by water, with formation of a basic, salt (Fri^my). H. Koso, 
by treating dry chloride of cobalt with ammonia-gjis, obtained the compound CoCl*.4NH* ; 
and in likg manner an ammonio-sulphato has been formed containing CoS0^6NH■. 

When an ammoniocal solution of cobalt is exposed to the air, oxygon Is absorbed, the 
liquid turns brown (p, 1043), and new salts are formed containing a higher oxide of cobalt 
(Co*0*), and therefore designated generally as peroxidised am mon io -cobalt 
salts. Several of them containing difforent bases are often formed nt, the same time. 

Most of the peroxidised nmmonio-cobalt saltx are composed of trisalts of ctibalt 
(cobaltic salts), united with 2 or moro molecules of ammonia. Tlio composition of the 
neutral salts may be illustrated by the chlorides, as in the following table. 


Tetramraonio-cobaltic chloride . 
Hoxammonio-cobaltic chlorido . 
Octammonio-cobaltic chloride , 
Docammonio-cobaltic chloride . 
Bodocammonio-cobaltic chloride 


Co»Cl*. 4Nn> 
Co»Cl*. 6NH* 
IVC1« 8NH* 
CVCIMONH* 
CVC1M2NH* 


The formulae of the corresponding neutral nitrates are deduced from the preceding 
by substituting NO* for Cl ; those of the snlphatos, oxalates, and other bibasic salts, 
by substituting SO^, C*0^, &c., for Cl'^. Thus, decam?iwnW‘Co^Mic sulp/ui(€ *» Co*(SO')*, 
lONH*. There are also sorend acid and basic salts of the same ammonio-molocules, 
the formulae of which will bo given further on. Further, there is a class of salts 
containing the elements of nitric oxido in addition to ammonia, e.a. deeanuno- 
nitroso-cobaltic oxychloride — Co*CFO.10Nll*.2N0, Lastly, Freiiiy hag obtained 
ammoniocal compounds (oxycobaltic salts) containing salts of cobalt corresponding to 
the dioxide CoO*. 

Tbtbammonio-cohai.tic Salts.— The sulphite of this group is obtained by 
adding a^id sulphite of ammonium to an aqueous solution of dociimmonio-cobaltic 
chlorido containing a very small quantity of ammonia, till the odour of sulphurous 
acid bocomos distinctly perceptible ; on lc,aving the solution to stand for some time, the 
sulphite sepamtes in brown, nearly insoluble octahedrons, containing Co''‘(SO*)*.4NH* 
+ 6aq. (Kiinzel.) 

HKXAUMONio-conALTic Salts. — When a solution of decammonio-cobaltic 
chloride containing a little ammonia, is mixed with so much acid sulphite of ammonium 
that the liquid does not smell either of ammonia or of sulphurous acid, it changes colour 
from red to deep yellow, and deposits hexammoiw>~cohaltw ^IphitCf Co*(SO*)*.6NH* 
+ aq., as a yellow powder or in crystalline needles, according to Iho temperature and 
concentration of the liquid. It is insoluble in cold water, and is slowly docomposod 
by boiling with water. Its formation is expressed by the equation : 


CemMONH* + 2NH* -f H*0 + 6(NHMLSO') - 
[Co*(SO»)*.6NH» + H*0] + 6Nim + 3[(NH»)*SO*]. (Kbnzel.) 


OoTAKHOirio- COBALTIC Salts. Fr4my’s Fu»cO’Cohaltio aalta. These salta 
are formed when an ammoniocal solution of a cobaltous sjilt is exposed to the air, and 
hy the action of water on oxy-cobaltic salts. They are brown, and mMtly uncrystal- 
lisable, but maybe obtained in the solid state by precipitation with alcohol ^ ^ 

ammonia. They are slowly decomposed by boiling with water, but qui Aly on additioiA 
of an alkali, with evolution of ammonia ana precipitation of cobaltic hwtato. THqyofO 

hoeic salts, the nitrate containing C<^0*.2N*O*.8NH* + H*0 or 


•nd the J^poeulphaU 0()»0».2S*0*.8NH*. 
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COBALT-BASES, AMMONIACAL. 

I>xcAttHoirio-coBAi.Tto Salts. loc, eit,; Oibbs and G-enth, 

eU .) — These salts may be divided into two groups, the Soseo-eobaltio salts, which 
have a red colour, varying from brick to rose-red, andthePurpureo-cobaltio saltt^ 
which are purple, or violet-red. The salts of both groups contain 1 0 at. NH’ to 2 at! 
cobalt, but the roseo-cobaltic salts are, for the most part, neutral, while the purpureo. 
cobaltic salts are either basic or acid ; in some cases, however, as with the chlorides, 
the difference consists merely in the presence or absence of water, the purple salts 
being anhydrous, and the red hydrated- 

The decammonio-cobaltic salts are produced the direct oxidation of ammoniacal 
solutions of cohaltous salts, as when these solutions are exposed to the air, the red 
and pnrjde salts being often produced together, the latter especially when the tem- 
perature is rather high, and the solution contains a free ammoniacal salt. The pur- 
pureo-cobaltic salts are likewise formed by the action of acids on xantho-cobiiUic 
salts (p. 1054). 

Decammonio-cobaltic salts are nearly insoluble in cold water, but soluble in wnmi 
w: ter slightly acidulated; the purple salts are in general less soluble than the red. 
Their taste is purely saline, not metallic. When heated in the dry state, they decom- 
pose, giving on ammonia, and yielding an ammonium-salt and a cobaltous salt. TJti ir 
aqueous solutions, when not acidulated, are decomposed by boiling, giving off ammonia 
and depositing a hydrated cobaltoso-cobaltic oxide. The solutions of roseo-cobaltie 
salts boiled with strong acids, are converted iiito piirpureo-cohaltic salts. 

Chlorides. 1. Hydratsd Decammonio-cobaltic chloride, or Doseo-cobalitc chloride, 
Co^Cl“.10NH*+ 2aq, — This salt was discovered by Claudet and by Gentli, in 1851, bcin^; 
the first ammonio-cobaltic salt obtained ; the forniulie originally assigned to it, however, 
gave a somewhat different view of its constitution. It is the most frequent product 
the oxidation of an ammoniacal solution of protochloride of cobalt by ex^josure to tljo 
air, tho liquid assuming first a brown, and then a red colour, and often, especially if tli.- 
wnimonia and the chloride of cobalt are impure, depositing a small quantity of cobaltic 
Jiydrate. Tlie presence of sal-ammoniac in the solution does not facilitate its formation. 
Tlio reddened solution mixed with strong hydrochloric acid, and carefully guarded 
against rise of temperature, deposits roseo-cobaltic chloride as a brick-red precipitate, 
which, after washing with strong hydrochloric acid, then with ice-cold water, an«l 
drying at the lowest possible temperature, contains Ca®Cl*.10Nil® + 2K"0. It 
dissolves in water either cold or warm, with dark-red colour, which, however, changes 
alter a while, especially if the solution be acidulated with hydrochloric acid and 
heated, to violet-red. The pure aqueous solution when boiled gives off ammonia and 
deposits hydrated cohalt oso-cobaUic oxide Co*0^ + jrH'O. 

Koseo-cobaltic chloride forms double salts with the chlorides of tho more electro- 
negative metals. 

Purpureo-cobaltio chloridct Co*Cl*.10l'rH*. — It has already been mentioned that the 
red solution of roseo-cohaltic chloride changes to violet when heated with hydrocliloric 
acid. The same change takes place slowly in the dry salt. This purple modification 
is often formed, together with the red one-and sometimes alone, during tho oxidation 
of ammonio-cobaltous chloride, especially if the temperature is rather high, and tho 
solution contains sal-ammoniac. By boiling the oxidised liquid with excess of hydro- 
chloric acid, and ciystallising the precipitated carmine-coloured powder from water 
acidulatetl with the same acid, the purpiu*eo-cobaltic chloride is obtained pure. It may 
also be prepared by boiling a xantbo-cob^tic salt (p. 1054), — the nitrate being best 
adapted for the purpose — with h^rochloric acid; lastly, bv boiling any other pur- 
pureo-cobaltic salt with hydrochlcUi^acid. It forms small violet-red or puiple crystals, 
which, according to Di^ia, are dUQ^tric combinations, P . oo Poo . Poo . Length of 
principal axis = 1*9016. P : P in the lateral edges ** 114° 8' ; in the terminal edges, 
107° 12'. Specific gravity 1*802. The ciystals are anhydrous, nearly insoluble in cold 
water, soluble without decomposition in boiHng water slightly acidulated with hydro- 
chloric acid. ^ A laiger addition of hydrochloric add, or a solution of an alkaline 
chloride, precipitates it slowly in the cold, quickly on boiling. The solution yields with 
tetrachloHde of platinum a brown-red precipitate, composed of flat microscopic needles, 
containing Co*Cl*.10NH*.2PtCP. 

Cyanides. — Roseo-cobalUe cohalHcyanide, (Co*Cy*.10NH*),Co®Cy* + 3H*0, is 
prepi^itHteil by cobalticyanide of potassium from roseo-cobaltic solutions, in cheny- 
ooU^red <^ystals apparently having the form of rhombic prisms, insoluble in cold 
water, decomposed by hot water. The ferrieyanide, (Co*Qy^.l0NJ^.Fe*Cy* + 8H*0» 
ie an orange-coloured crystalline precipitate, possessing similar pifperties. . 

Oxides.^Boseo-coba/tie oxide is obtained in solution by decomposing the solution 
of thw chloride with oxide of silver, or better — since chloride of silver is somewhat 
soluble in roseo-wbaltie chloride — by decomposing the sulphate with baryta-water. 
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loliition has an alkaline taste and reaction, absorbs ciwbonic acid fW)m the air, 
and decomposes with facility. — Pur^reo-eohaitie oxide^ obtained in like manner, forms 
a Ttolet-rod alkaline solution, which absorbs carbonic acid from the air, and sufTers 
decomposition when concentrated. 

Nitrates , — ^The neutral or roseo’^olndtic nitrate obtained, as a shining yellow 
precipitate, when an ammoniacal solution of cobaltous nitrate is left to oxidise in the air, 
(crystals of Frimy’s oxycobaltic nitrate are frequently also formed at first, but subse- 
quently disappear). The deep wino-red liquid yields, by spontaneous eTaporation, rod 
crystals, containing Co*(N’O*)*.10NH*. ■«- 2H-0, easily soluble oven in cold water. Accord- 
ing to Dana, they are monoclinic combinations oo Poo . (oc Poo ) . + Poo . — Poo . oo P, 
Inclination of faces, ooP : ooP in the clinodiagonal principal soction 103®; 
00 Poo : + P« ■■ HO® 30' ; oo Poo : —Poo = 136®. From tlio solution of these crystals, 
or from the original oxidised ammoniacal solution, nitric acid added in the odd 
throws down a brick-red precipitate of the hydratod salt; but on boiling the liquid 
with nitric acid, the anhydrous nitrate^ Co*(NO*)*.10NH*, is thrown down as a violet- 
red crystalline precipitate. It dissolves in dilute ammonia and separates from the 
solution by spontaneous evaporation in dimetric crystals P . Poo . oo P . oo Poo . 3Pt3, 
Inclination of P : P in the lateral edges, « 82® 40'. This anhydrous salt is nearly 
insoluble in cold water, more soluble in hot water, but the solution is easily de- 
composed by heat ; addition of nitric acid prevents the decomposition. The anhy- 
drous salt explodes when heated, giving oft nitrons vapours, and leaving black 
sesquioxide of cobalt. — A basic nitrate^ probably Co*O*.2N^OM0NII*+ 71PO, or 

I + 6II*0, is obtained in purple scaly crystals, when a solution of the 

hydrat^ neutral nitrate, mixed with a largo quantity of nitmte of ammonium and a 
little free ammonia is loft to evaporate. These crystals are decomposed by solution 
in water, and when boiled ‘with hydrochloric nci<l, yield, with brisk offon’csconco, a 

K le-red solution and a deposit of purpureo-cobaltic chloride (Gibbs and Qeuth). 

this basic nitrate and the anhydrous noutnvl nitrate appear to b(*long yt the 
so-«»lle<i purpureo-cobaltic group. Kiinzol, by exposing an ammoniacal solution of 
cobaltous nitrate to the air till it had acquired a dark oVivo-brown colour, and then 
adding nitrate of ammonium, obtaino<l a yellow crystalline precipitate, to which ho 
fissigns the formula 2(Co*OM0NJl").riN‘‘O\ 

Oxalates. — HomO’-cobaltic oxalate is precipitated by oxalate of ammonium from 
a solution of the chloride immediately, from the nitrate very slowly; it may bo puri- 
fiefl by rccrystallisation from water containing ammonia. The cherry-coloured crys- 
bils, which are rhombic prisms of 101® 48', with a brachydomo of 108® 61 contain 

[po^T|o*. 10N1I»+ 6aq. ; they are nearly insoluble in pure water. The basic, or pur-^ 


pureo-cohaitic oxalate, |o*. 6N1I* + 3iiq., separates in violet-rod noodles on 

adding oxalate of ammonium to a solution of purpureo-cobaltic 

Oxalo^eulphatee . — An acid oxalo-sulphate, Co®O*.2C*O*.2SOM0Nli + Saq. or 
(C*0*)* ) , 

MONH* + 2H*0, is obtained in brick-red, ill-defined noodles by boiling 




(SO») 

roseo-cobaltie sulphate for several hours with excess of oxalic acid. The solution of 
this salt assumes a violet-red colour on addition of ammonia, and, if exiwtly 
neutralised, yields by evaporation prismatic crystals of the neutral oxalo'^sulphate, 

(SO*)''[OMONH* + 711*0, which is more soluble than the acid^salt and is easily 
.(Co*)»*J 

‘^Sufpkaul.^^^ colallic tidphaU is genoBiIly (but not iil.rays) p^uced in »n 
ammoniacal solution of cobaltous sulphate by atmospheric oxuUtion, the liquid 
coming first brown and then dark red. On carefully adding sulphuric acul W ^is rea , 
solution, the sulphate is deposited os a brick-red crystalline powder, which ^ 
purified by washing with cold water and rcciystallisation from a slightly acidulated 

solution. The cherry-coloured crystals, containing 1 1 O*. I ONH* + 6H*0, WUp 

according to Dans^imetrie combinations, P . 2P . Pco . OP . «P .<»P«o \ 

of P : P in the terminal edges =r 107® 20'. Length of pnnapal wis - 1 0866. ^e 

Mlt is nearly ineolnble in cold water, sparingly soluble in boiling water, a ^ 

Uses tram the solution on cooling. It dissolves in dilute 

^ttmltered from the jurplo-red solution. On boiling the poutral salt, a dark orow 
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powder separates, #hich, drying in the air, contains Co*0* + 6H*0, whii- K, 
Cobaltic sulphate remains in solution, being, however, partially decomposed 
■ An aeid (put^reo-eobaltia) tulphate, C0*O‘,4SO*.101lH* + Kmn 

or 


is obtained hymbdng the eubydxoue chloride (p, 

with oil of vitriol to a thick pulp, diluting the solution with twice its hulk of water 
80 soon as the evolution of hydrochloric acid has ceased, then washing the vjolet-red 
needles which separate with a little cold water, and pressing them ; also by adding oil 
of vitriol to roseo-cobaltic sulphate till an oily liquid is produced ; digesting this ^ an 
hour or two, taking care to avoid escape of oxygen, diluting the evolved purple solution 
with an equal bulk of water, and reciystalliBiDg. The crystals are red prisms ; accord- 
ing to I>ana, rhombic hemihedral combinations, ooP . ooj^oo . jtoo , , 00 P 2 . In- 

clination of, ooP : odP = 106°; jfco on the principal ajds 122° 42\ Tho 

salt has an acid taste and reaction, dissolves easily in water, but is quickly converted 
into the neutral (roseo-cobaltic) sulphate; especially by slow evaporation of a solution 
prepared with the aid of heat. (Gtibbs and Grenth.) 


JSulp hi t e, ^0^2 1 0«.6NII* + gH*0. — ^Black-brown, heavy, amorphous precipitate, 

formed when sulphurous acid gas is passed through a dilute ammoniacal solution of 
decammonio-cobaltic chloride ; also by iiassing tho gas thrrmgh water in which tri* 
ammonio-cobaltic sulphite (p. 45) is suspended. It is insoluble in cold water, and is 
decomposed by boiling water, (K u n z e 1.) 

Nitrobo-dbcammonio-cob A1.TIC, or Xantho-cobaltic Salts. (Gibbs 
&nd Genth, loc.cit ,) — These salts are produced bypassing the nitrous vapours evolved 
from a mixture of nitric acid and starch or sawdust, into ammoniacal soluti(3ns of 
cobaltous salts, or into neutral, acid, or ammoniacal solutions of rosoo- or purpureo- 
cobaltic salts. The gas is absorbed ; fumes of carbonate of ammonia make their appear- 
ance ; the liquid gradually assumes a dark reddish-brown colour, and then, on cooling, 
generally deposits a xantho-cobaltic salt. 

Xantho-cobaltic salts are brownish-yellow, more soluble in water than the roseo- 
or purpureo-cobaltic salts, the dilute solutions having a yellow, tho more concentmtc<l 
solutions a dark brown colour. They decompose, though not easily, when these solu- 
tions are boiled — sometimes also below the boiling temperature — giving off ammonia 
and depositing a dark-coloured heavy powder. The addition of a few drops of acetic 
acid prevents this decomposition ; but, on adding a small quantity of an inorganic acid, 
nitric oxide gas is evolved, and a purpureo-cobaltic salt is formed, which, however, is 
difficult to separate from tho undecompjscd xantho-cobaltic salt. 

The xantho-cobaltic salts appear to have the composition of trisalts of cobalt, 
associated with 10 at. NH*, 1 at, N^O* and 1 or 2 at. water. 

The chloride, or rather Co*0ClM0NH*.N*0* + H*0, is not pm- 

duced by either of tho reactions just mentioned, but may be prepared by decomposing 
the sulphate with chloricle of barium, and evaporating the filtrate at a gentle heat, 
after adding a few drops of acetic acid. It forms brownish -yellow, iridescent crystals. 
Its solution, mixed with trichloride of gold, yields a double salt, which, by recrystal- 
lisation from hot water, is obtained in brownish-yellow, iridescent prisms, containing 
Co*OCl«.10NH».NaO* 2AuCl»-i- 2H^f— Tho chloroplatinate, Co*OCKlONH*.N*0* 
2Pt01^ -f 2H*0, is nearly insolulft^n water, but may be crystallised from hot dilute 
•hydrochloric acid. The chlorom^r curate, Co*OClMONH* N*0*4B^C1* + 2H®0, 
is obtained by precipitation in pa^^rownish-yellow laminas; by reciyet^lisation from 
hot slightly acidulated water, in brownish-yellow needles. 

Xantho-cohalHc ferrocyanide, Co*OCyM0NH*.N»O!.FoCy» + 7H*0, is 
obtained bv precipitating the nitrate with ferrocynnide of potassium (the solutions of 
the chloride and sulphate are merely clouded by that reagent) in orange-yellow 
prismatic crystals, which give up ,their water easily and wit&)ut decomposition, are 
Insoluble in cold water, decomposed by hot water. 

The re which is a basic salt, containing Co*O*.2N*O*.10NH*.N*O* + H*0, 

or forms light brownish-yellow, quadratic prisms, having 

P : P in the lateral edges between 100° 46' and 101° 16'. 


The cjpalate. 


CoH)* 2C*OM0NH*.N*O* + 6H*0 


I 

* (Co»)-»H*{ 


O*.10NH»JC»O» + 


4H*0, In obtained bj precipitation in yellow acuminated crystals, insolnbla in cold, 
eparingly soluble in boiling water, decomposed by boiling. 



C$0BALT-3ASES, AHMOmACAL. 


loss 


The O(«)».2SO».10NH*.lI*O*+H*O. or ays*. 

talliseo in ihin plates, apparently rhombic. It dissolves in strong snlphuric acid, giving 
off but little nitric oxide, and forming a red oily li<^uid which gives off nitric oxide 
abundantly on addition of water, while the remaining liquid consists chiefly of 
ammonio-cobaltous sulphate, usually mixed with a small quantity of acid purpuroo* 
cobaltic sulphate. 

Dodbcammonio-cobaxtic. or Lutho-cobaltic Salts. FrAmy; Gibbs 
and Genth, loc. cit ,) — ^These salts, discovered by Fr4my, are often produced by the* 
direct oxidation of ammonio-cobnltoiis solutions ; frequently also by the decomposition 
of pentammonio-cobaltic salts, although their molecule contains an additional atom of 
ammonia. They are of yellow or brownish-yellow colour, more soluble in water than 
the roseo-cobaltic salts, and yield brownish-yellow solutions. They are very ponnnnent 
in presence of acids, bub are decomposed by continued heating with sulphuric acid ; in 
neutral or alkaline solutions they are easily decomposed by boiling. 

Luteo^eobaltie ekloridst Co*ClM2NII*, is often formed during the oxidation, by 
exposure to the air, of an ammoniacal solution of dichli»rido of cobalt mixed with a 
laige quantity of coarsely- pounded sal-ammoniac (in other cases, the pnxhicts are 
Toseo and purpureo-cobaltic chloride) ; almost always, if the ammoniacal solution con- 
tains sulphate of cobalt as well as chloride : in the luttor case, a salt is formed contain- 
ing sulphuric and hydrochloric acids, and this, when boilecl with hydrochloric acid 
and chloride of barium, yields a solution of luteo-cobaltic chloride. This salt, puriflod 
by repeated crysttillisation, forms brownish orange-coloured crj'Ktals of specific gravity 
1*7016. They belong to the trimotric system, and, according to Dana, exhibit the 
faces oeP . OP . f oo . 3poo , two faces, ooPs, on one side only of the inacrodiagf^nal, 
and four faces, |P, lying in one zone. Inclination of ooP : ooP » 113° 16'. It dis- 
solves easily in ooiling water, and separates for the most part as the solution cools. 
It is precipitated unaltered by hydrochloric acid and the chlorides of the alkali -metals. 
Boiling aqueous ammonia decomposes it slowly, witli formation of chloride of ammonium 
and a dark brown oxide of cobalt. 

Concentrated solutions of luteo-cobaltic clilorido and tctrachloruU of platinum yield 
orango-coloured needles of a chlorophitinato containing Co*OP.3PlCIM 2NIJ* + 6aq. ; 
dilute solutions deposit yellow needles of the same compound with 21 iit. water; 
these, according to Dana, are monoclinic combinations oor . ooPoo . OP. Inclination 
of QoP ; 00 P, in the clinodiagonal section, = 10'; oP : oopoo « 114° lf}\ The 

crystals are often twins united by the face OP . — Trichiortde of (fold forms with luteo- 
cobaltic chloride a yellow precipitjitc, consisting of small granular crystals, CoCP, 
2AuCP.12NH*. 

Luteo-cobaltic iodide, Co*IM2NII*, is thrown down byiodidoof potiissium fpf»m 
luteo-cobaltic solutions, as a yellow precipitate, nearly insoluble in e/»ld water, Tiir>du- 
rately soluble in hot water, and sopaniting in brownish-yellow crysbils on evaporation. 
The bronUde is obtained in like maunor as a deep yellow precipitate, in other respects 
resembling the iodide. 

Luteo-cobaltic Co6a^^i<?y<znerf«,(Co’CyM2NII“).Co*Cy* + 11*0, is procipitatod 
by cobalticyanide of potassium as a yellowish flesh-coloured precipitate composed of 
microscopic, oblique rhombic crystals. Ferricyanide of potaseium forms an orange- 
yellow precipitate, exhibiting the sjimo forms under the microscope. 

Luteo-cobaltic Oxfrfc.— By decomposing the sulphate with baryta-wat^r, a 
brownish-yellow alkaline solution is formed, which absorbs carbonic acid from the 
air, and is decomposed by evaporation, with evolution of ammonia and deposition of a 
black powder. i 

Luteo-cobaltic Nitrate, Co*(NO*)M2Nir* separates from an oxidised solution 
of ammonio-cobaltous nitrate in omnge-coloured crystalline laminae, the snpormitant 
liquor being usually red and containing roseo-cobaltic nitrate. The salt, purified 
by recrystallisation, forms crysbils behiiiging to the dimetric system, with t^ faces 
P . 3P . OP. Angle of P : P in the lateral edges - 1 10° 20' ; of 3P : 3P in the samo 
« 153° 62'. Length of principal axis for P « 10161. 

Carbon ate «. — Tbeneutral carbonate, probably Co®(CO*)*. 1 2NH* + 7 H®0, is obtained 
by decomposing a solution of the chloride with ^rb^ato of silver,^ and leaving the 
liquid to evaopfate in rhombic crystals, »P . oopoo , Poe , Inclination of odP ; ooP 
- 116° ; Poo : Poo on the principal axis » 1 14° 16'. If the air has had access to 

the solution, the crystals are generally mixed with those of the acid salt. The acid 
carbonate, (Oo^’*H*C^O*M2NH* + 6aq., separates, on passing carbonic ^id gas into the 
solution of the nohtral salt, in large brown-red crystals, which, according to Dana, are 
monoclinic combinations, oeP iooPoe, [ooFoo j . OP . — P . -f- 2P«o. Inclination of 
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*ooP : »P, in the cb'nodiagonal section, •Sfi® 54'; OP ; ooP ss 102® 20': OP • 
-71®44';0jP: -.P = 139®50'; ooP : + 2P oo « 110® 46'. ^ 

Ox ala if ss.— The neutral oxalate is thrown down by oxalate of ammonia, as a reddish- 
yellow precipitate composed of slender needles, insoluble in water, easily soluble in 
oxalic acid, and separating thereirom in wine-yellow, efflorescent, prismatic crystals 
containing Co*(C*0^)*.12NH* + 4II*0. The acid oxalate was not obtained. ' 

Luteo-cobaltic sulphate is obtained, mixed with the chloride, when an ammo- 
niacal solution of cobaltous sulphate and chloride mixed with a laige excess of coarsely 
pulrerised sal-ammoniac, is left exposed to the air. The crystalline mass depositedat the 
bottom of the vessel is dissolved in hot water; the filtrate is acidulated with a few drops 
of sulphuric acid and treated with sulphate of silver ; and the liquid, after filtration and 
concentration, is left to crystallise. The salt is also (though not constantly) produced by 
the action of strong ammonia on roseo-cobaltic sulphate, the change consisting simply 
in the assumption of 2 at. NH* : also as a product of the decomposition of roseo-cobaltic 
sulphate (a salt of another base, not yet further examined, called by Genth and Gibls 
praveo-cdalt^ being sometimes formed simultaneously). The wine-yellow crystals of 
luteo-cobaltic sulphate contain Co*(SO*)M2NH* + 5H*0, and give off 4 at. water in dry 
air, or in vacuo. According to Dana, they are trimetric combinations, ooP . OP . JP . 
fP . SPoo . Pco ; also with 3? oo or oofs . poo . 3f oo ; also with OP and f oo . In- 
clination of ooP : ooP = 113° 38' and 66® 22'; ooPj : oofs -- gg® 44' and 91° 16'; 
f 00 ; f 00, on the principal axis « 112® 8' ; Poo ; f oo , also on the same = 88° 22' ; 
Lnteo-cobaltic sulphate is isoraorphous with the chloride, apd the two salts are capable 
of crystallising together in all^roportions. 

Lut eo-cohaltic chroma te, obtained by precipitation (pure only from the nitrate), 
.8 yellow, soluble in hot water, and separates therefrom in yellow crystals. This salt 
also crystallises in all proportions with the chloride. (Gibbs and Genth.) 

Ammonio-febcobaltic Salts, or Oxycobaltic Salts. Frdmy {loc, cH.). 
— These salts contain 5 at. ammonia associated with a basic salt of dioxide of cobalt. 
Thus, the nitrate is CoO*.NW.6NH*. + H*0, and the sulphate, CoO*.SO*.6NH* + 2H"0. 
They are produced by the action of the air on concentrated solutioiis of ammonio- 
cobaltous salts. They have generally an olive-brown colour ; crystallise well, are but 
slightly soluble in the ammonial liquid, and are decomposed by water, especially wlicn 
hot, with evolution of oxygen, liberation of ammonia, and separation of a green basic 
salt containing the oxide Oo*0^ The nitrate of this group was first prepared, tJiougli 
?iot analysed, by L. Gmelin. (Handbook, v. 342.) 

The oxycobaltic salts may be supposed to contain the diatomic base, CoO, thus ; 

The nitrati - 1 0*,8NH*. 

The sulphate = 0» SNH*. 

General formula of the Ammoniacal Cobalt-compounds. — These compounds may bo 
represented as ammonium -salts, in which part of the hydrogen in one or more molecules 
of NH* is replaced by ammonium itself, and another portion, in the ammonio-cobaltous 
salts, by the diatomic radicle Co" = 59; in the ammonio-cobaltic salts by the hex- 
atomic radicle Co*=>118 ; and in the ammonio-percobaltic salts by the diatomic radicle 
(CoO)" = 76. Such formulae have been proposed by Weltzien (Ann. Ch. Pharm. 
xcvii. 19), and H. Schiff (Compt. rend. liii. 411). t 

In the following formulae, which are nearly the same as those of Schiff, the symbol 
Am stands for NH^ and X for a j|^natomic acid radicle, such as nitryl, NO* 

a. Tetrammonio-cobaltous sal^ll^ N*(Co Am*H*\Q, 

i8, Hexammonio-cobaltons salts N*(CoAmWlQ4 

7. Pentammonio-percobaltic (oxycobaltic) salts . N [CoO) Am q 4 

3, Octammonio-coboltic (fiiso-cobaltic) salts . . ^ 

«. Decammonio-cobaltic salts : 


Tetracid, or Purpureo-co^Itic 
Hexacid, or Boseo^oobaltio . 
C Xantho-cobaltic salts . 



9* Dodecammonio-oobaltic (lnteo-cobaltic} salts 


N«[(Co*)’*Am-H*M ^ 
N«[(Co*)*iAm<H»M Q. 
N»[(Co*)-«An^P'»(NO)*]1 
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thMie vie. Ui(»e of the fused-, purpureo-, and xantho-eobaltio aalti 

differ by 2 at. H from those previously given ; but in compounds of such complezitv 
the^queetion of a molecule of hydrt^n more or less can scarcely be deckled by analysii 

The formulae of the chlondos and oxychlorides are deduced from those in the table 
by substituting 1 or more at Cl for a corresponding number of atoms of XO. 

The salts we tansfoimed, by the joint action of ammonia and oxygen into y, 
and these, by nirther oxidation, are resolved into ammonia and the salts whicli 
again, by addition of 2 at. NH* are transformwl into e ; and these last by thoVurther 
action of ammonia, yield i?. The salt C aro formed by the action of nitrous acid on 
€, and are reconverted into the tetracid salts ♦, with evolution of nitric oxide, by the 
action of strong acids. 

For Weltxien's foimulm, see Graham's MemmU of Chemisirv, 2nd edition, ii. 721. 
Gibbs and Genth object to the representation of these compounds as ammonium- salts*, 
and express their composition by means of formube involving so-called comugate 
radicles, such as 6NH*.Co* in the luteo-cobaltic salts, and N0.6NH* Co*, in the 
xanth^baltic salts. It is not easy to say what is gained by such a mode of repre- 
sentation. 

COBAXiT-B&OOMC. Erythrine, Prismatic Bed Cobalt, Bed Cobalt^ Ochre, Cobalt^ 
mica, Eobalt~b/uthe,^A hydrated arsenate of cobalt, Co*A8*0* + 4H*0, or SCoO.As^O* 
-f 8H*0, occurring in monoclinic crystals, in which the orthodiagoiial, cli nodiagonal, and 
principal axis areas 1*3818 : 1 ; 0*9747. Inclination of clinodiagonal to principtU axis*! 
70® 64'; ooP ; ooP«*lll® 16'. Observed faces -f B oo, -h P . [ooPoe] . [ ooPJ] , 
ooP| , oopoo sometimes with + SPoo and -i* JPoo between oopoo and + Poo . The 
fiices odPoo and -f Poo are vertically striated. It is likewise found in glo- 
bular and vermiform masses ; also pulverulent, incrusting. Specific gravity «« 2*948. 
Hardness, 1'6 — 2*5, least on [ ooPoo ]. Lustre on [ ooPco ] pearly j on the other 
faces, adamantine inclining to vitreous. Colour, red of various sl^es, grey and green, 
the r^ tints incline to blue when viewed at right angles to cleavage. Streak, peach- 
blossom red. . Sectile. Flexible in thin plates. 

ilnalyses of cobalt-bloom from Schneeberg by Karsten (Fogg. Ann. lx. 251), gave 


As*0» 

CoO 

FeO 

CaO 

H*0 

88*48 

86*52 

1*01 


24*10 • 100*08 

88*30 

33*42 

4*01 

— 

24*08 - 09*81 

88*10 

29*19 

— 

8*00 

23*90 « 99*10 


The formula requires 38*43 As^O*, 37’53 CoO, and 24*02 water. 

The mineral, when heated in a tube, yields water and turns blue if pure, green if it 
contains nickel or iron. Before the blowpipe, on charcoal, it gives an arsenical odour 
and melts in the inner fiame to a dark grey bead of arsenical cobalt; gives with fluxes 
the usual cobalt reaction. Dissolves easily in acids. 

Earthy cobalt-bloom {Kohali-btschlag), of peach-blossom colour, is srsenate of 
cobalt with free arsenious acid. A specimen from Schneeberg analysed by Karsten 
gave 61'0b per cent. As*0*, 19*10 As*0*, ld’60 CoO, 2*10 FoO, and 11*90 water 
(» 100*70), with traces of nickel, lime, and sulphuric acid. 

Cobalt-bloom occurs in minute crystals at Schneeberg in Saxony, Snalfold in Thu- 
ringia, Biechelsdorf in Hessia, Wolfiicb and Wittichen in Baden, and Modum in Nor- 
way. The ea|thy varieties are found in Dauphiny, in Cornwall, and near Alston,' 
Cumberland* A green variety occurs at Flatten in Bohemia. The mineral is also 
found at Prince's mine, Lake Superior, in calcite. Wheu abundant, it is used for 
the manufacture of smalt. (Dana, ii. 407.) 

COBJUT-B&UB. A pigment of a fine blue colour, like that; of ultramarine, 
obtained by mixing the solution of a cobalt-salt, perfectly free from iron and nickel, 
with a solution of pure alum, precipitating with an alkaline carbonate, carefully wash- 
ing the precipitate, then drying and igniting it strongly. It is a compound of protoxide 
of cobalt and alumina, and is used both as oi and water colour. 

OOBABT-OBAVOB. See Cobxltikb. 

COBABT-aBBBW. Rinman's Green,^A permanent green pigment prepared 
by precipitating a mixture of the sulphates of xinc and cobalt with carbonate of 
sodium, and igniting the precipitate aft|gcythorough sAshing ; — or by mixing a solutioa 
of nitrate of cobalt with oxide or nitrate of zinc, thdb evaporating and igniting. 

OOBAUflWB#’ Cobalt-ylance, Glance-cobalt, Silver-white cobalt, Cobalt gris,— 
A native snlpbprMftide of cobalt, Co*Ae*8* or CoAs’.CoS*, occurring in forms of the 
•Aguiar systeni^ "the cube, octahedron, pentagonal dodecahedron, and several com- 
binations of the^ fonqs. Cleavage parallel to the cubic faces. Also massive, granular 
or compact. Specific gravity •> 6 — 8*3. Bardness •• 5*6. Fracture imperfect, oon- 
Voi.. I. 3 y 
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clioidal^ un^Tcn. Opaque, with metallic lu^e. Colour silver-white, inclining to coppe^ 
red, occasionally tarnished. . Streak, greyish-black. Brittle. 

Before the blowpipe, it gives off £mes of arsenic, and yields, after roasting, a dull 
black feebly magnetic globule, which colours borax blue. It dissolves in warm nitric 
acid, leaving a residue of arsenious acid. 

Analyzes , — o, from Skutterud by Stromeyer ; from Siegen by Schnabel ; c, from 
Orowitza in the Banat by Huberdt ; rf, from the same by Patera; s, from Skutterud by 
Ebbinghaus ; from Siegen by l^lmabeL (Rammelaber^s Mineralchevm^ p. 60.) 



Co 

Be 

As Sb 

S 


a . 

. 33*10 

3*23 

43*46 

20*08 «. 

99*88 

h , 

. 29-77 

6*38 

44*75 

19*10 - 

100*00 

0 . 

. 30*37 

6*76 

44*13 . 

19*76 « 

100*00 

d . 

. 32*03 

4*56 

43*63 

19*78 « 

100*00 

e . 

. 32*60 

3*47 

43*68 

20*68 * 

100*34 

/ . 

. 8*67 

25*98 

42-63 2*84 

19*98 *= 

100*00 


The formula Oo^As^S’ requires 35*5 Co, 45*2 As, and 10*3 S. In analysis /, three- 
fourths of the cobalt is rdplaced by iron. 

Cobaltine occurs in large splendid crystals at Tunaberg, Biddarhyttan, and Hokunsbo 
in Sweden, and at Skutterud in Norway. It is also found at Querbach in Silesia, 
Siegen in Westphalia, and several localities in Cornwall. This species and snoaltine 
afford the greatest part of the smalt of commorce. The most productive mines am 
those of Vena in Sweden. (Dana, ii. 58.) 

OOBAXT-MZCA. Syn. with CoBAi.T-BLOOst. 

COBABT-PnXTSS* See Cobaxt, Sui.phidbs of (p. 1050). 

COBABT^VZTBZOXi* Bieberite^ Bed Cobalt^ Bhodalose , — Hydrated native sul- 
phate of cobalt, of somewhat variable constitution, found in stalactites, and cnints 
investing other minerals, in the rubbish of old mines at Bieber near Hanau, and at 
Leogang in Salzburg* It is translucent, with flesh-red or rose-red colour and vitreous 
lustre. A specimen analysed by Winkel blech (Ann. Ch. Pbarm. xiii. 265), aftor 
being freed by solution and flltration from admixed manganous arsenate, yieldoJ 
29*05 SO", 19*91 CoO, 3*87 MgO and 46*83 water, agreeing nearly with the formula 
(Co*Mg).(SO‘)< -f 28 aq. 

COBAXiT«7BXiXiOW« This compound, discovered by Saint-]^vre in. 1852 
^nn. Ch, Phys. [3] xxxviii. 177), and further examined by A. Stromeyer (Aim. 
Ch. Pharm. xevi. 218), is produced by the action of nitrite of potassium on cobaltoua 
salts. Saint-Evre regards it as a compound of peroxide of nitrogen with cobaltous 
oxide and potash, CoO.K*0.2N*0* or CoK*0*(NO*)‘ ; 

Co(NO»)* -► 4HNO* + 8KNO* « CoKW(NO*)« + 6KNO» + 2N*0* + 2H^0. 

Nitrate of Nitric Nitrite of Cobalt-yeUow. Nitrate of Nitric 

cobalt. acid. potanium. potassium. oxide. 

Stromeyer, on the other hand, regards it as a basic potassio-cobaltic nitrite, 

Co®0*.3K*0,6N*0* or which supposition its formation may bs 

represented by the equation : 



The compound is prepared : 1. By adding an alksline solution of nitrite of potas- 
sium (obtaused by passing the nitrous vapours evolved from a mixture of nitrate of 
potassium and st^h into caustic potash) to an acid solution of nitrate of cobalt — 
2. By adding potash, not in excess, to a solution of nitrate of cobalt, so as to throw down 
a blue basic salt (p. 1043), treating this with a slight excess of nitrite of potassium, 
adding nitric acid in a thin stream from a pipette. — 3. By treating nitrate of cobalt 
with a sli&t excess of potash, so as to throw down the rose-coloured hydrate, and 
passing n&ic oxide gas into the mixture. — It forms a bright yellow crystalline powder 
composed of microscopic foor-sid^ needles with pyramidal summits. It is insoluble 
in cold water, also in alcohol and ether, but when boiled with wSler, it gradual^ 
dfi^lves, wi A evolution of acid vapours, and the solutioi^ if suhseqjuently evapmte^ 
yiel^ a lemon-yellow salt of different oompositioii. Nitric add and hydrochloric acid 
do not act upon it in the cold, but decompose it at the boiling h«at» *with evolution of 
nitfouB vapoursL Sulphydric add decomposes it veiy-slowly; sqJphida of ammoniuia 
immediat^y forming blm sulphide of cobalt; when heato^ it assumes an orange* 



COCA— COCATnE. 1069 

yi^Uow eoloiir, ([itos off 'water and afterwards uitroos fames, and learos sesquioxido of 
cobalt mixed with nitrate of potassium. 

Cobal^yoliow forms an excellent pigment for artistic purposes, having a beautiftil 
colour, like that of sulphide of cadmium, great permanence, and mixing easily with 
other colours. Its formation affords also an excellojit method of separating cobalt 
from other metals, especially from nickel (p. 1046). 

Wlien a solution of lead is mixed with nitrite of potassium and acetic acid, the 
liquid assumes a yellow colour, but no precipitation tskes place ; but on adding a 
cobalt*salt, a yellowish-green precipitate (browmish-black and crystalliuc fr^m dilute 
solutious) is formed, whose composition is that of tho yellow cobalt-compound, having 
half the potassium replaced by lead. (S tromcy er.) 

OOCAa The leaves of Er^ihrox^/hm Coca^ a plant cultiTatod in the mnuntainons 
districts of Peru and Bolivi^ and in some parts of Hrimil, are extensivi'ly used by tbo 
inhabitants of those countries,* and of other parts of ^^oulh America, for chewing like 
tobacco, for which puft^oso they are mixed wdth burnt lime, or the ash of a {weuliar 
plant, the Chtiwpod'mm Quinua^ uccorling to Niemann. They possess powerful teiiio 
and sedative properties, and tbo practice of chewing them is said to give great ix)wer 
of enduring fatigue, even on a scanty supply of food; bnt like the use of opium, it is 
apt to become an indispensable necessity, and ultimately produces all tlio baneftd 
effects of a narcotic poison, such as hallucinations and premature decay Imth of body 
and of mind. The uso of coca is said to prevail among ten miJIioiis of ^nmplc in South 
America, tho annual consumption amounting to thiidy njillion ixmiulsof tho dry loaves. 
Coca leaves do not long retain their activity; indeed they are said to become useless 
after a year’s keeping. 

Coca loaves contain, according to Niemann (Arch. Pharm. [2] ciii. 120 and 201), 
a crystal lisablc basic substance called cocaine, a volatile odoriferous substance, a pecu- 
liar tannic acid, cocataniiic acid, and a waxy body, coca-w'ax. 

The volatile constituent of coca knaves lias a stmiig tarry, almost intoxicating odour. 
On distilling tho leaves with water a slightly turbid distillate is obtained, from which 
j>o oil separates ; but on saturating it with common salt and roilistilling, a very small 
quiuitity of a white non-ci^stallino substance is obtained, wliicli is volatile, fusible, 
lighter than water, and pos8es.ses in a very high degree tho Oiloiir of tlio Jeav(«. 

Cocataniiic acid remains in the aqueous decoction of tho leaves after tho coesYne 
has been precipitated by carbonate of sodium, and is left as a brown -r<*d ninorjihous 
substance when the liquid is evaporated. Its solution is coloured deep brownish-green 
by ferric chloride, and is precipitated by tartar emetic, or solution of white of egg, but 
not by gelatin ; it reduces chloride of gold even in the cold. 

(teca-wax is contained in the precipitate formed by limo in extract of coca leaves 
prepared with alcoholic sulphuric acid. It contains 80 2 per cent. carl)on and 13*4 
Jiydrogen, agreeing with the formula C**H**0*, and with the coinpositiou of tho wax 
fn>m grass, and of that from Syringa^ as determined by Muhler. If flip precipitate l>6 
exhausted with ether, the other evaporated, and tho rt^sidue repeatedly boiled with 
alcohol, the solution on cooling depo.sit8 a wax, which is wliite, amoq^hous, very friable, 
and becomes strongly electric by trituration. Jt is insoluble in water, dissolves slowly 
in boiling ulcoliol, easily in ether, sometimes, though rarely, roinaining in a somewhat 
crystalline form when tlie ethereal solution is evaporated. It melts at 76° C., and de- 
composes when heated. Aqueous alkalis do not act upon it, but melting hydrate of 
p<^)t.aKsium decomposes and diRsoIves it. 

Tlio substance mixed wdth coca leaves, to render them fit for chewing, is callwl 
UipteL, According to Niemann, it is the unhoi Ckf nopodium Quinoa, Gad eke found 
it in 40*0 K*0, 17*7 Na^O, 6 6 MgO, 0*2 Ite, 4-6 t«0^ 1-8 SO",, 2*6 Cl, 67 SiO*, 
3*0 CO*, 13*6 sand, 1*0 water, and a trace of oiganic matter. (Handw, d. ChenL ii« 
[2] 123.) 

OOCJkinL C»»H**NO* or (Niemann, ^n. Ch. Pham. cxiv. 213.) 

- — An alkaloid obtained from coca leaves, resembling atropine in many of its properties. 
Niemann assigns to it the formula but this is improbable, because the 

sum of the atoms of H and N is an odd number. ^ , 

Cocaine is prepared by digesting coca leaves with 86 per cent, alcohol containing a 
small quantity or^sulphiiric acid, mixing the expressed mass with milk of lime, neu- 
tralisiug the filtrate with sulphuric acid, evaporating off the alcohol, mixing tho re- 
sidue with water, precipitating the resulting yellow-brown solution with carbonate of 
aodium, treating (he brown precipitate of impure cocaine with ether, and eyaporalmg. 
Cocaine then remains, partly amorphous, partly crystalline, and may bo purified by i*- 
peated treatment with alcohol , i 

Cocaine czysliillises "iji smsdl, colourless, inodorous prisms ; it has a slightly tetter 
taste, and prodocea t^nuiorary inseuNlbility on the part of the tongue with which 
comes in contact. It is soluble in 704 pts. of water at 12° C., more soluble in alcohols 

3y2 
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«nd still more in ether. It melts at 98^ C., and solidifies to a tetisparent mass, wliioh 
gradually becomes white and crystalline. At a higher temp»ature, a very small yior- 
tion appears to volatilise undecomposed, but the greater is decomposed, yielding 
ammoniacal products. Cocaine dissolves without colour in strong nitric, hydrochloric, 
and sulphuric acid, the last solution only becoming black when heated. 

Cocaine is strongly alkaline ; it dissolves in dilute acids, and neutralises them com- 
pletely. Its salts do not crystallise readily, the hydrochlorate, however, more easily 
than tho others. Solutions of cocaine-salts yield with caustic alkalis^ a white precipi- 
tate soluble only in a large excess of fixed alkali, more soluble in ammonia. Carbo- 
nate of sodium forms a precipitate insoluble in excess. Carbonate of ammonium, a 
precipitate easily soluble in excess. Add carbonate of potassium and phosphate of 
sodium produce a red precipitate. Sulphoc^anide of potassium produces but a slight 
turbidity ; picric acid forms a sulphur-yellow precipitate, which gradually aggyegatea 
into resinous lumps; tannic acid^ on addition of hydrochloric acid, forms a white pre- 
cipitate, which aggregates in a similar manner ; mercuric chloride and potassio-imr- 
curio iodide produces white precipitates ; iodine-water a kermes-brown ; iodide of poias- 
Mum containing iodine, a d^k-brown precipitate; trichloride of gold and dichloride of 
platinum yield precipitates with the hydrochlorate ; protochloride of tin produces a 
white precipitate even in slightly acid and dilute solutions. 

In most of these reactions, cocaine closely resembles atropine (i. 474) ; the latter, 
however, is not precipitated by carbonate of ammonia, or in acid solutions by stannous 
chloride ; the two bases differ also in their reactions with gold and platinum -salts, and 
in their melting points, that of cocaine being 6° C. higher than that of atropine. 

Hydrochlorate of Cocaine crystallises in white slender needles, easily soluMo 
in water ; it has a bitter taste and produces on the tongue tho peculiar action of tfio 
base itself, but in a higher degree. The solution, even when very dilute, is precipi- 
tated by chloride of gold, yielding the comyxmntl C*'*H*®NO^.HCl.AuCl*, which crys- 
tallises firom alcohol in gold-yellow scales or lamiua>. This gold-salt melts when 
heated, and then yields a sublimate of benzoic.acid, affording a very characteristic 
reaction. The chloroplatinate is a yellow-brown fll Occident precipitate, which soon 
becomes crystalline, and is nearly insoluble in hj^drochloric acid. 

Acetate of Coca: crystallises readily ; the with difficulty. Tlie sw/- 

phate remains when its solution is evaporated, as a colourless varnish -like mass, which 
becomes crystalline after a while ; it is permanent in the air. 


COCAVAjrsrZC Acn>*-~COCiL-W.A.aK. See Coca (p. 1059). 

COCCZir. A peculiar nitrogenous substance exisling, according to Pelletier and 
Caventou, in cochineal, and forming, as it were, the flesh of the insect ; it resembles 
gelatin in some of its characters, albumin and fibrin in others. 

COCGZMXT8. Haidinger’s' name for the reddish-brown mineral, with adaman 
tine lustre, from Casas Viejas in Mexico, which Del Bio regards as mercuric iodide. 
It melts and sublimes with facility. 

COCCZVnNTZC AiCZS. A volatile fatty acid existing, ac^rding to Pelletier and 
Caventou, in cochineal. ' ^ 

OOCOnrOVZC ACXH. a derivative of euxanthic acid (p. 712). ^ 

COCOOX>Bik VZSZDXS. This plant contains a green colouring matter differing 
from chlorophyll. (Salm-Horstmar, Pogg. Ann. xciv. 466; cxv. 176.]t 

COCCOOmc JkCZl>. An^^ contained, according to Gob el (Buchn. Kepert 
viii. 203), in the seeds of Daph^S^idium, It is dissolved by water from the alco- 
holic exti^t; eiystellises in colgijKss, sdightly acid prisms ; does not precipitate lime- 
water, or the somtions of chloridh of barium, acetate of lead, or ferrous sulphate. 
OOCCOUTS. A name applied to certain granular varieties of augite. 
OOCOOUiaA UVZnUML. The plant which yields American kino. ^ 
COOOlTliljr* Syn. with Picbotoxxn. 

COOCmXUV ZmZOVS. Grains of Paradise . — The fruit of* the Coecuhts syU- 
rosus (Dec.), Menispermum cocctduh, (Dinn.), Anamirta cocculus (Wight and Ar- 
no tt). It posseesm strong narcotic and poisonous properties, due to the presence of a 
bitter substance, picrotoxin (C*H*0*), of which it contains about ^ cf its weight 
It is used to adulterate beer, and is ^imetimes thrown into water to intoxicate or kill 
fish ; it is occasionally employed in medicine. (See Urds Bictiongry of Arts, Manur 
Jartures and Mines, i. 786 ; also the article Bbeb in this Dictionary, i. 637.) f 

CNHOCWSZO 4LOll>i is the acid corresponding to nitrococcusic acid, 

a product of the action of nitric acid on carmine (i. 804^ it haa not ypt been obtained 
in the separate state. * * 

OOCBajrSA&. Cockcnille, CccdoneUa . — Several insects^Ilf i&e genus Cooeyp, es- 
♦'Ka 0 yu*±i ftp fH^Ahineal inseet. viald a snlendid colonriniE mattef, ezten* 



COCHINEAL. 1061 

iisdd for dyeing and^eprepaKtion of pigments. The cochineal inaect Htcs or 
various plants of the genus OpunUa^ especially on the nopal, Opuniia dccviairno, 
O. cactuSy and 0* tnonacanthat It is a native of Mexico, but its cultivation has been 
introduced into many other hot countries, iiamoly, the West Indies, Teneri^ Ma- 
deira, Algopa, J ara : in colder climates it docs n<4 tlirive. The female insects only are 
collected; they are killed either drying in the sun, on hot plates, or in stoves, or by 
immersing them for a short time in hot water. The lost metnod yields a cochineal of 
somewhat red-brown aspect^ whereas if the insects have been kiUod by drying, it has 
more of a blackish or ash-grey colour, with a silvery surface ; the latter is prefer!^ 
The dry cochineal is freed from dust and adhering impurity by shaking it in sacks ; 
the fine dust is then removed by sifting, and the larger and smaller lumps in the re- 
maining mass are separately sorted. 

Other species of coccus probably contain the same colouring matter^ but in smaller 
quantity and more contaminated with foreign substances. 

Cochineal occurs in commerce in nearly egg-shap^ grains 1 or 2 linos long, somewhat 
hollowed below and arched above, about 70,000 going to the pound. It is inodorous, 
very friable, and contains within it a dark red gniniilar mass, which yieli a powder of 
a fine deep red colour; it has a bitter, slightly astringent taste, and leaves but a small 
quantity of ash when burnt. In water, it swells up considerably, the shape of the 
insect and its three pairs of legs then becoming distinctly visible. 

The first investigation of cochineal wais made by John (ChemicQl TaUfa^ p. 127), 
w'ho found in it 60 per cent coccus-rod (cqrmine), 10 waxy fat, 1*6 inorgfinio salt* 
(chlorides of potassium and ammonium, and phospliates of ciilcium. iron, and magnesium), 
28*0 animal matter, and 10*6 wati^r. Aceortbng to Pelletier and Caveii ton (Ann. Ch. 
Phys. viL 90; viii. 255), it contains a peculiar nitrogenous matter, coccin ( p. 64), 
which forms, as it were, the flesh of the insect, and an acid, not examined, to which 
they give the name of coccinic acid. 

The colouring matter-of cochineal iscarminic acid (i. 804). 

The watery extract likewise contains a crystnlli sable nitrogenous substance, 
C^H"NO*, homologous with tyrosine, (C*H*NO*), nncl very similar to it in appearance 
and reactions. It remains in the aqueous decoetion of cochineal after the curminie 
acid has been precipitated by acidulated acetate of lead, and may bo separated by re- 
moving the excess of lead from the filtrate with sulphuretted liydrogen, and evapo- 
rating to a syrup ; it then separates in a crystalline mass, and an additional quantity 
may be obtained by further concentration. It is insoluble in alcohol and ether, soluble 
without decomposition in hydrochloric acid, decomposed I>y strong nitric acid, the 
liquid yielding ciystals of a new acid on evaporation ; hot nitric acid produces a more 
thorough decomposition, with separation of charcoal. The chalky substance dissolves 
in alkalis, and is separated therefrom by acids. It does not appear to form definite 
compounds eitlier with acids or with bases. 

Tnc mother-liquor from which the whoIe*of the chalky substance has been removed, 
dries up to a soft masa>iunounting to 10 or 12 per cent, of the cochineal ; part of this 
mass is soluble in alcolspl, tlie remainder in water. 

Cochineal boiled^wfth water yields a deep rod liquid, which assumes a reddish-yel- 
low colour ^en mixed with tincture of ^aUs or with strong aoid»y and a boautiftil 
violet with SuTie^watcr ; it is precipitated violet-blue by neutral acetate of lead^ bri||;ht 
red by ammomay dark black-brown by ferric chloride ; olive-green by a lari^er quantity, 
dwp rod by alum. After tho cochineal has been thoroughly boiled with water, a 
brownish animal substance remains. 

Th^rod colour of cochineal is likewise extracted by alcohol. 

^The chief use of cochineal is for tho preparation of carmine and carmine-lakes 
(i. 804). It is likewise employed for dyeing wool and silk scarlet (the fabric being 
■teeped first in annotto, then in a decoction of cochincDal containing cream of tartar and 
BtannoiRHstanme chloride), or crimson (cochineal with tartar and tin-salt). Coebi- 
ucal is likewise used for tlie preparation of rouge, of painters* colours, and of red ink, 
and for colouring tooth-powder, confection eiy, liqueurs, &c. 

Cocliineal vanes much in colouring power, iccording to its source and mode of 
preparotion. The relative quantities of colourmg matter in different samples may 
be estimated approximately by the depth of colour of^a solution obtained by heating 
1 gramme of cochineal in the water-bath for an hour, with 1000 grammes of water 
^d 20 drops of a li^urated solution of alum ; also by the depth of colour which the 
pame extract will mpait to wool Hobiquet estimatefl the amount of colouring 
matter 1^ means of a graduated solution of chlorine; Authon by a graduated solution 
of an alumiua-calt. " 

A better metHbd in Aat of^^enny, depending on the action of ferri cyanide of 
p^'tassium. 1 gra|i;&s of cochineal is extracted with 60 cub. cenb of dilute potasih- 
solutton: the extract is further diluted with 100 cc. of cold water; and the purple 



1062 


COCraNE AL-RED — COCHLE ARI A. 


solution thereby obtained ia mixedf when eold, with a graduated solution of femcyanide 
of potassium grm. of the salt to 200 cc. of solution), till its colour changes to dark 
brown. AU these methods yield only relative results for comparing different sorts of 
cochineal one with the other. (See Ur^s Dictionary of Arts^ Manufacturei and Mines, 

1 786 ; Handw. d. Chem. 2‘* Aufl. ii. [2] 127.) 

OOCKimBA]j«Klll> is properly carmine ; the same term is, however, applied to 
a splendid red artificial colour, which contains a considerable quantity of arsonate of 
aluminium, and is therefore highly poisonous. 

COCHXigAMA* A genus of cruciferous plants, including horse-radish and 
acurvy-grass, distinguished by their acridity, arising from the presence of volatile 
oils, similar to, or identical with, volatile oil of mustard (sulphocyanate of allyl). 

Cochlearia Armoracia. Horse-radish. — The volatile oil of this plant, wIumi 
purified, is identical with oil of mustard. It appears to exist in the root ready foniKHl, 
and may bo obtained by bruising the root to a pulp, and distilling it ywr se. Tito 
best mode of preparation, however, is to distil 3 pts. of the finely cliopped root with 

2 pts. water, in a glass vessel (if a copper still bo used, only a Hmall quantity of oil in 
obtained, in consequence of the formation of metallic sulphide). 100 pts. of the l 
thus treated yield about 0*05 pt. of crude oil, which may be purified by rectification 
with water and drying over chloride of calcium. . The purified oil is colourless or p;ilo 
yellow; has a density of 1*01 ; smells like oil of mustard, and contains 48*41 per. cent. (\ 
and 6*26 H (sulphocyanate of allyl, C*H*CNS, requires 48*49 C and 6*05 H i, 
The crude oil is light yellow, of the consistence of cinnamon-oil, heavier than wjiti r, 
evaporates quickly, ha'i an intolerable odour of horse-radish, tastes sweet at 
afterwards sharp and burning, and inflames the lips and tongue. When kept iimlt-f 
water for a year, it disappears, and silvery needles are formed, which smell like Iiorsc- 
radish, excite irritation in the throat, molt and volatilise wlien heated, and dissolve 
but slowly in alcohol. Oil of horse-radish is decomposed \yy nitric acid, sulphuric 
acid, and chlorine. It yields sinapoline with oxide of lead, and thiosinnamine with 
ammonia. It dissolves slightly in water, the solution forming a brown precipitiito 
with acetate of lead, black with nitrate of silver. It dissolves readily in alcohol. 
(Gm. X. 66). 


Cochlearia officinalis. Common scurvy grass . — The herb of this plant con- 
tains 92*2 per cent, water, and yields 1*6 per cent, ash, which, according to Goisoh-r, 
is veiy rich in potash, but, according to Braconnot, contains soda. The base is partly 
combined with nitric acid and, according to Braconnot, with an organic acid reseml ling 
malic acid. 

Oil of scurvy-grass, Oleum cochlearifs, obtained by distilling the herb witli 
Water, is yellow, pungent, of specific gravity 0*942 (Oeiseler), boils between luC° 
and 169° C. (Simon), It dissolves easily in alcohol, and the alcoholic solution, 
Spiritus cochleari^s, may be obtained by distilling the bruised herb with alcohol. 
According to Geiseler (Arch, Pharm. cxlvii. 136, 267), the oU is an ojysulpludi' of 
allyl, C^iDSO, and yields with ammonia a crystalline compound 
[These formula are doubtful.] The oil does not exist ready formed in the plant, but 
18 produced by the action of myrosin in presence of water, on a peculiar substance 
ing therein. According to W inckler ^Jahrb. pr, Pharm. xviii. 319), this substance is 
neutral, and is converted into the vplfitile oil by the joint action of myrosin and lime. 

Scurvy-grass camphor, orfflpchlesrln, C*II'*0*(?), is acrystallnie substance 
Bometimes deposited £com 8mri^koochlcaria, and from the water which has been 
distilled off the plant. It forms j^ll, nacreous, shining laminse or needles, having a 
faint odour, and sharp aromatic taste. Specific gravity = 1 *248. It melts at 46° 0., 
sublimes without alteration, dissolves lightly in pure water, easily in water containing 
carbonate 6f potassium, also in alcohol and ether. (Maurach, Report. Pharm. xeix. 128.) 

Cochlearia Draha, Whitlow Peppenvort, ^©Ids, by distillation with water, a 
volatile oil, similar to that obtained from radish-se^. (P 1 e s s, Ann. Oh. Phann. Iviii. 40.) 

Cochlearia anglica* English Ib^rvy-graes , — ^The fresh herb of this plant con- 
tains, according to T. J. Herapath^^em. Soc. Qu. J. ii. 4), 2*42 per cent ash ; the 
diT herb 21*1 per cent, ash ; of whi^ 78*1 per cent are soluble, and 21*9 per cent in- 
Boluble in water. 100 parts of the ash contain ; 


V isoiuotein ifoter. 

Potash. 0*1 

Soda 7*7 

. Carbonic anhydride .... 3*6 
Sulphuric anh^ride . . . . 3*1 
Chloride of so&um .... 63*6 


Insoluble is Water. 


Carbonate of calcium*. ... 7*2 
Carbonate of magnesium . . . 1*3 
Phosphate of calcium .... 30*3 
Ferric phosphate . , ' . . , 0*6 

Silica . . . 3'8 



COCHLEARIN— COCOA-NUT OIL. 106a 

^jl|0|QUBAJUar. 8^ OOOHLBIBU omONAIIB. 

COCmO AOn. CoooBUaric acid, CocyUo add. Cooonu»i<dgi&urt,^K flitty 

• j piobably a mixture of acids, obtained from cocoa-nut oil 

Bromeis (Ann. Ch. Pharm. xxxv, 277), by saponifyinpr cocoa-nut fat, decomposing 
the soap with an acid in the usual wav, pressing the resulting fatty acid between pa^ 
and recmtallising from alcohol, obtained a nearly inodorous fatty acid, which melted at 
360C solidifted to a porcelain-like mass translucent at* the edges, and distilled without 
decomposition, Saint-Evre (Ann. Ch. Phys. [3] xx, 05) decomposes the soda-soap 
of cocm-nut oil with acetate of lead ; exhausts the lead-soap with ether; decompetses 
the undisBolved soap with an acid ; and crystallises the fatty acid from alcohol. PVom 
a saturated solution in aqueous alcohol, it crystallises, on cooling, in needles; but 
from a solution in strong alcohol, by evai^ration, in amorphous maitBes. It melts at 
34*50 C. and volatilises without decomposition only in a stream of gas. 

Bromeis assigned to his cocinic acid the formula but his analysis, calculated 

acconliuK to the more recently determined atomic weight of carbon {0 ^ 6), gives 
rither or Heintz has since announced the separation of an acid 

of the same composition from spermaceti. FehUng obtained from cocoa-nut oil an acid 
the acid prepared by Bromoia in appearance and melting point, and corre- 

8pon<Ung, exactly to the formula _ -i VKl A th 

Saint-Evre on tlic other hand, assigned to the cocinic acid which he obtained, the 
formula though it agrees very dosely with that of Bromeis m the melting 

point. 



crystiiUinod from Iwiiling iilcuhol, in, ftcconlmg to Jtromoiii, 
.drfttined \)y precipitation ftom alcolioUc solutions, m wliito flocks nioltai.K at 65 0., 

„ Bufl rill fdv soluble in alcohol. ... - , » , 


fiolubie in or^C“ip'(C*H“)0’, obtained by passing hydro- 

a ^y Z^lodo«rofapple«.snaaswcctmaw^^^ 

’ ^ ^ The name of the neutral ftit corresponding to 

COOXVXW. Cocinate of for 

cocinic acid. The separate idratiyo ^ ^ ch. PImnn. xv. 116), by ex- 

the pr(«eiit ^ (wnsideccd ® it repeatedly from boilinR alcohol, 

pressing the fat from cocoa-nuts, and OT»t _ K siiecifie ttravity O’fl'i at 8'' C., les* 
obtained a laminar of s^^^ utobito slcohol at flO® C., 

soluble in pure than ui common * urmeous ulcohol of 0*75 in tlio cold, more 

cooxvoira. A ^ ^^““’^S’xxvf es:")* ofO='n'o“*ond^ tSlSforo 

fmm boiling alcohol, it forms thi^omcter. 

and boiling at a temperature imyond f fh.it of 

COOOA-WT OIXi. This od fat “ a, ul ih imoorted in large quantities 

certain oocoa-palms, Coeotnuei/era, C. ' ,,'i’,jgh of unctuous conaistoncc^ wiA 

into Europe for the manufacture of wap. and a mild taste ; it mils at 20® C., 

a pecuUa/disagreeaUe odour of ^ , L o^, both (Usd and volatile, 

dissolves with aid of heat in alcohol and ether, i^iy mo , 

Coco^nut <>ilq'"<*lyl’®®®“jJ*^f“i‘J,^'*^ByZ^^oatb)n ity^hls b^ 
veral glycnde^ e®"™ ilX wh4 Tay be ssp^.^t-d .Vy d»- 


several 


UUing the mixtiiM of free fetty acids ^ . i fotly acids of coeoa-nut 

with small quantities of wproic and \ Xho former haye not been 

oil are pray liquid at Liy be isolated by 

partieuuidy examined; of the Utw, se ,/u. obtained pure, with the melting 

klcAol, vi. lanrie-mnA (0«Sem.«s, J. pr. Chem, 

print 4S» C., by tacfional precipitation of the sooa soap i. 
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Ixxxi. 367) ; tto acid, C”IP®0*, wliicli waa obtained from the oil 1^ 8unf-]£Tre, ud 
C**H“0* bj Bromeis, (see Gocinio Acid, p. 67 ); myristic acid, C*^H*0*, like- 
wise exists in considerable quantity in cocoa-nut oil The acid actually obtained had 
very nearly the composition of myristic acid, and melted at 49® C., the melting point of 
the pure acid being 53'8® (Fehling, Ann. Ch* Fharm. liiL 899). Gdrgey {ibid. 
civ. 26) likewise found a fatly acid, C**H"0*, znelting at 66® C., which, from the ex- 
amination of the silver-salt, he regard^ as a mixture of ipyristic and palmitic acids. 
Pehling also found pure palmitic acid. Stearic aci d is probably present in small 
quantity. 

The solid fats of cocoa-nut oil are separated from the more liquid fats by preomiv, 
and used for the manufacture of candles. 

The solid fatty acids of cocoa-nut. oil are converted, by prolonged treatment with 
nitric acid, into a mixture of acids of the series viz. anchoic, suberic, 

pimelic, adipic^ sucoiidc acid, and an oily mass containing nitrocapric and nitroeaprvlic 
acids. 

COSDBZirS. 0'"H®'N0* + H*0 or + 2//0. — A non-volatile organic bane 

contained in opium. It was discovered by Ho biqu et in 1832 (Ann. Ch. Phys. [2] li. 
259), and has been further examined by Couerbe {rMd. lix. 168), Begnault {ibid 
Ixviii. 136), Gregory (Ann. Ch. Pharm. xxvi. 44), Will {ibid. 44), Gerhardt (Ke?. 
Scient. x. 203 ; Traitl, iv. 40), and especially by A n der s on (Ed. Phil. Trans, xx. [1] 67 ). 

Preparation. — 1. The aqueous infusion of opium, evaporated to a s^TTip, is niixeil 
with solution of chloride of calcium; the mass is diluted witli water; the result in 
mcconate of calcium is separated, washed several times with small quantities of watt r 
and pressed ; and the liquid thus obtained is evaporated, lumps of marble being thrown 
into it to neutralise the free acid. Fresh quantities of meconate of calcium tla^n 
separate, and the decanted liquid, if left at rest, deposits crystals of hydrochlortite of 
morphine and hydrochlorate of codeine. Theso crystals are dissolved in water, and 
the solution, after purification with animal charcosih is prmpitateii by ammonia, 
which separates the greater part of the morphine, leaving the codeine in solution. I’lio 
filtered liquid is evaporated over the water-bath to expel the excess of ammonia, tlio 
morphine salt remaining in solution being at the same time precipitated ; the saline 
solution is concentrated and precipitated by caustic potash ; and the precipitate (.»f 
codeine is washed, dried, and dissolved in etner, whence it is deposited in crystals. 
(Robiquet.) 

2. To obtain the whole of the codeine from the mother-liquor which remains after 
the morphine has been removed by precipitation with ammonia, as just described, it 
is necessary to get rid of the sal-ammoniac with which it is mix^. This may bo 
effected by repeatedly concentrating the liquid — the greater part of the hydrochlorate 
of codeine then separating out, while the sal-ammoniac remains dissolved — and decom- 
posing the remaining sal-ammoniac with caustic potash. By repeating the crystallisa- 
tion a certain number of times, the hydrochlorate of codeine might be obtained quits 
fr?ee frrom sal-ammoniac; this, however, would occasion the loss of a considerable 
quantity of codeine, inasmuch as the two hydrochlorates do not difier greatly in soIq- 
bility ; but if the ciystallisation be ^scontinued at an earlier stoge^ the greater part 
of the sal-ammoniac may be removed without loss of codeine. The crystals of hydro- 
chlorate of codeine are then to be dissolved in boiling water, and a strong solution of 
caustic potash added in excess, which will precipitate the codeine, partly as an oil which 
gradually solidifies, partly in the cr/stalline state as the liquid cools. The mother- 
Lquor yields by evaporation a fre^^jrop of crystals of codeine, and lastly, after reduc- 
tion to a very small bulk, it b^fees filled, on cooling, with long sifley needles of 
morphine, wluch had been retain^lrni solution by the excess of potash. (Anderson.) 

3. Opium is exhausted with cold water, the morphine precipitated by ammonia, the 
meconic acid by chloride of calcium, and the colouring matter by subacetate of lead. 
The liquid ^tered from the lead-precipitate is freed lead by sulphuric acid aiul 
filtered again ; the filtrate is mixed with excess of potash ; the mixture left to stand 
in the air till carbonate of potassium has formed ; and the whole agitated with ether, 
which extracts the codeine. (Winqkler, Expert. Pharm. xliv. 459.) 

4. Merck f Ann. Ch. Pharm. xi. 279) precipitates the mixture of the hydrochlorates 
of codeine and moipbine with pure ; treats the precipitate with cold alcohol ; 
■atuzates the alcoholic solution with sulphuric acid ; removes the alcohol by distillation, 
wd .adds cold water to the remaining liquid as long as it produces turbidity; th^n 
filters, evaporates to«a syrup, and agitates the residue with excess ofr potash and with 
ether. Tbe codeine dissolves in the ether and is deposited by spontaneous evapora- 
tion ; it is finally treated with alcohol, to free it from an oily substance which prevents 
crystallisation. 

Purification . — Impure crystals of codeine are purified by dissolving them in liydr^ 
eUorio acid, boiling with animal charcoal, reprecipitating with caustic poti«Mh. and 
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ftnully dissolving tho pre<npitet« in ether containing ■water, in order to flpee the eodeins 
fWnn the last trace of moiphino ; the ether nsed must, however, be free fh>m slcohfd, 
otherwise a syrupy liquid remains, on evaporation, which cannot be made to crystallise. 
If anhydrous other be used, the codeine dissolves much more slowly (Handw. d. Chem. 
iL [3] 136). 100 pounds of opium yield from 6 to 8 oz. of codeine^fRobiquet). The 
pr(^rtionof codeine in opium is from ^ to of that of the morphine. (Anderson.) 

ProperHes . — Codeine ciystallises from anhydrous ether in small anhydrous rect- 
angular octahedrons, truncated and modified in various waya From hydrated ether 
or alcohol, and from water, it scpanites in hydrated ctystals of the trimetric system. 
Those deposited from alcohol exhibit the combination ooP . OP . F* .too ; those 
from water, the combination ooP , Poo . JPoo. Inclination of ooP : »P 87° 40'; 
poo : OP « 141° 37'; Poo : OP - 140° 23'; Jpoo : OP - 167*^ 26'. Cleavage pa- 
rallel to OP. (Kopp, Krj/aiaflographie, 266.) 

Codeine dissolves in water much more readily than morphine, ^specially in boiling 
water. 100 pts. of water at 16° C. dissolve 1*26 pts. codeine. When heated with a 
quantity of water less than sufficient to dissolve it, it melts to an oily mass, which 
remains at the bottom of the liquid. It dissohvs easily in alcohol and hydrated other, 
less easily in anhydrous ether. The alcoholic solution dcfl€*cts the plane of polarisation 
of a luminous ray strdngly to the left; [a] « — 118*2° ; acids have scarcely any effect 
on the rotatory power. 

Codeine is quite insoluble in potash ; it dissolves in ammonia, but not to a greater 
extent than in pure water. 

Anhydrous codeine contains : 

Robiquet. Couerbe. RegnauU. Gregory. Will. Anderson. 
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The hydrated crystals contain, according to Gerhardt’a analysis, 67*82 per cent. 0, 
and 7*46 H, agreeing nearly with the formula C*"JP'NO* + 11*0, which requires 
68*13 C, 7-26 H, 4*41 N, and 20 21 O. 

Codeine is a strong base, quickly restoring the bine colour of reddened litmus, and 
precipitating the salts of lead, iron, copper, cobalt, nickel. See. 

In its action on the animal ecfmomy, eodoino resembles morphine in many respects. 
According to Robiquet, doses of 0*02 to 0*03 grm. produce in 24 hours, especially in 
excitable persons, a sensation of comfort and repose, and a refri'shing slec^p, whereas 
doses of 0*16 to 0*12 grm. produce heavy sleep, with a fooling of intoxication after 
waking— sometimes also nausea and vomiting; more tliaii 0*2 grm. cannot be taken 
in 24 hours without danger of serious consequences. ^ ^ * 

Codeine is said to be sometimes adulterated with sugar-candy ; this impurity may 
bo detected by its greater solubility in water, its smaller solubility in alcohol, and its 
very difl^rent action on polarise<l light. According to Robiquet, a solution of 0*600 
pure codeine in 100 cub. cent, alcohol of at least 66 per cent gives, for the transition 
tint, a deflection of 11° to the lefb. 

Decompositions^ — 1. When codeine is dissolved in excess of sulphuric (Kid of metlium 
strength, and the solution is digested in a sand-bath, it acfjuires a dark c^dour, and 
after a while yields a precipitate with carbonate of sodium, which is not the case with 
codeine-salts in their ordinary state. The precipitate thus formed consists of amoi^ 
phous codeine, which, after washing with water, solution in alcohol, and prtwipi- 
tation by water, forms a grey powder with more or less gri^en reflation, insoluble in 
water, easily soluble in alcohol, and precipitated therefrom by ether. It molts at 100^ C. 
to a black resinous mass. It dissolves easily in acids, forming amorphous salts, which 
dry up by evararation to brown resins. If the action of the sulphuric acid on the 
codeine be predonged, a dark gjreen substance is obtained. ^ • • l 

2. Nitric (Kid^ according to its deg^e of concentnition, forms with codeine either a 
basylous nitro-compound (p. 1067), or a yellow resin soluble in alkalis. 

3. Chlorine and hromine form substitution-product^ (n. 1066). ^ 

4. Iodide of ethyl heated with codeine forms hydriodate of ethyl-codeine. 

• ^ 6. Codeine gently heated with hydrate of potassium^ yields several volatile alkaline 
.viz. ammonia, methylamine and tritylaniine, in variable proportion, acconling to tiie 
manner in which the process is conduct</d. A volatile crystalline base is likewise 
produced in small quantity, and a brown or black sulwtance remains. 

Salts OF CoDBiMB. — Codeine is a mono-acid base, dissolving readily in aci4s, 
and yielding for the most part crystal! isable salts. They are very bitter, are not 
1‘eddencd by nitric acid, and do not impart a blue colour to ferric salts. Votmh pro- 
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cipitatoB oodeme from their solntione; ammonia does not precipitate them imme. 
diately, hut gives rise, after some time, to the separation of small transparent crystals 
of codeine, If^uion of gaU-nuts precipitates codeine-salts immediately. 

Chromate of Codeine is easily obtained in beantifhl y^ow nee^os. 

Hy drochlor ai^ of Codeine, C'*H**NO»HCI + 2H®0.— A somewhat coneentrat^Hl 
solution of codeine in hydrochloric acid, solidifies completely on cooling; a more dilute 
solution depos^ radiate groups of short needles, exhibiting under the microscope the 
form of prismfVith four fitces, terminated by dihedral summits. The crystals dissolvo 
in 20 pts. of water at and in less than their weight of boiling water. They 

give off J of their water at 100° C., the remainder at 121°, part of the acid, however 
going p|tlat the same time.^ ' 

CMoh-aurate of Codeine, obtained by mixing the solutions of the component salts, 
is a reddish or light-brown precipitate, moderately soluble in hydrochloric acid. 

The Chloromercurate is" obtained in like manner, as a precipitate, soluble in boiling 
water and in alcohol, and deposited in stellate groups on cooling. 

The Chloroplatinate, 2(C'*H*'NO*.HCl).PtCl* + 4H’*0, separates on adding tetra- 
chloride of platinum to a moderately concentrated solution of hydrochlorate of codeine 
as a light-yellow powder, which, if left in the liquid or kept moist on the fi]ter,gra<hi- 
ally becomes mystalline, and of an orange-red colour. From very dilute solutions, the 
double salt separates after some time in silky needles. It dissolves sparingly in 
water, and is decomposed by boiling water. It gives off f of its water at 1 C., the 

rest at 120^, with incipient decomposition. 

Hydriodate of Codeine. — Long thin needles, soluble in 

about 60 pts. of cold water, much more soluble in boiling water. They do not give otf 
any water at 100° C. 

Hydrocyanate of Codeine is uncrystallisable. — The hydrof rrocyanate, produml 
by mixing the alcoholic solutions of codeine and hydrofcrrocyanic acid, is a white 
precipitate which crystallises after a wliile in needles, and dissolves in excess of hydro- 
ferrocyanic acid. The hydrnfcrrwyanate produced by adding aqueous ferricyaiiide of 
potassium to hydrochlorate of codeine, is a very unstable crystalline compound. 

Nitrate of Codeine, C’®H*'NO*,HNO’, is produced by slowly adding nitric arid 
of specific grarity 1*06 to pulverised codeine, carefully avoiding an excess of the acid, 
which would produce decomposition. It dissolves easily in boiling water, and separates 
on cooling in small prismatic crystals. It melts at a moderate heat, and decomposes 
at a higher temperature, leaving a difficultly combustible charcoal. 

Oxalate of Codeine, 2C**H**NO®H*C®0* + is deposited on cooling, from 
a hot saturated solution in short prisms and sometimes in scales. It dissolves in 
30 pts. water at 16*6° C., and in about half its weight of boiling water. It give.s off its 
water at 100°, turns brown at about 121°, and decomposes completely at higher 
-temperatures. 

Ph oo§h ate of Codeine, C*®H**NO* H*PO* + §H*0 — A solution of ordinaiy phos- 
phoric acid saturated with pulverised codeine does not crystallise by concentration, but 
on addition of strong alcohol immediately deposits scales or short prisms. It is veiy 
soluble in water. 

Other phosphates of codeine appear also to exist. 

Sulphate of Codeine, 2C‘®H’'‘1^0*.H*Sa*t«H*0 (or (P*IP^NO^.HSO^ ^ 5I!0) 
crystallises in radiate groups of long needles, or bj^rontaneous evaporation, in flattened 
prisms. It dissolves in 30 pta^of cold water, 'ttod is very soluble in hot wafer. 
When pure, it is neutral to ; but it is apt to retain a small quantity of acid, 

which may be separated by repr jBP ciystallisation. The czystalB belong to the tri- 
metric systqii^ ce P . 1*00 , Indinatioli of o&P: ooP -• 161° 12'; ecPcc 

1*00 « 113^ 4^1|;^oq ;J^oo >■ 138° 3'; oo^ oo*: 104° 24. Cleavage parallel 

to ooPoo, . 

Sulphoeyanate of Codeine. C*®H®*NO®.HCyS + ^H®0. — Badiate needles melt- 
ing at 100° C., giving off 2*46 per cent, water ( » } at) at 100° 0. 

Tartrate of Codeine is unciystallisable. 

SubsHtutum’-producta of Codeine* 

. Bbobcocodbinb. 2C*®H®®BrNO*-i- 3H®0 (Anderson loo. cft}— Prepared by ad^ 
ing bromine-water in small successive portions to pulverised codeine. The oodeme d^ 
solves, and the solution loses the colour of bromine but acquires a characteristic reddish 
tint. On adding ammonia, the whole of the bromocodeine is precipitated as a silver- 

S ite powder, containing a small mumtity of unaltered codeine. It may be obtained 
re by repeated washing with cold water, solution in hydrochloric acid, precipitation 
irith ammonia and ciystallisation from alcohol 
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logy 

Broaiocodeliie Is nesriy insoluble in cold water, rather mare soluUs In hot waten w 
whence it sepmtes on coolii^ in small prisms with dihedral suininits. It is nearlw 
insoluble also in ether, but dissolves easily in alcohol, especially at the belling heat» 
Better ciystals are obtained from alcohol diluted with an equal volume of water. The 
crystals are always very small, but of daazling whiteness. They give off their 
water (6*66 per cent.) at 100® C. The anhydrous base gives by analysis 57*44 
per cent. C, 5*44 II, and 21*5 Br, the formula C‘*H*'J3rNO* requirinir 67*14 C, 5*29^ 

2116 Br, 3*70 N, and 12*71 0. i 

Bromocodeine molts when heated, forming a colourless liquid, which decomposes at 
a somewhat higher temperature. It dissolves in cold sulphuric acid, the solution be- 
coming dark coloured when heated. It is attacked by nitric acid, but mui^i loss 
quickly than codeine. 

H^drobromaU of Bromocodeine, C'"H=®BrNOMrBr -f H»0, fonns small prisms, 
sparingly soluble in cold water, very soluble in lioiling water. It gives off its water at 
100*^ C. The hydrochloratv forms radiate needles, n'sembling hydroelilorate of codeine. 

The chloropiatinatc, 2(C»*'H"BrNO>.HCl).PtCl« (at 100® C.), is precipitated as a pale- 
yellow powder, insoluble in water and in alcohol (platinum, by analysis, 16*08 per 
cent. ; by calculation 16*89). 

Tribromoeodeine, C"H*^r*NO* (Anderson, loc. cit ) — ^Wbon bromocodeine is 
subjected to the continued action of broniinc-water in excess, a light-yolluw precipitate 
of hydrobromate of tribromocodeinc is formed, wliich rwlissolvcs at first, but becomes 
permanent on further addition of bromine. On leaving the liciuid to itself for 24 
hours and then adding more bromine, a fresh precipitate is fornied, and this Lreiitmcut 
must be repeated day after day as long as any further preeipit.ate is thrown down by 
adding bromine. The yellow precipitate is then to be wtLshe<l witii cold water, and dis- 
solved in hydrochloric acid; and the base precipitated by aiuinonia, purified by solu- 
tion in alconol, and precipitated by water. 

Tribroinocodeine thus prepared is an iimorphons bulky powder, grey wben dry, 
insoluble in water and ether, easily soluble in aloolio). It dissolves sorncwlmt sparingly 
in cold, more easily in hot hydrochloric acid, a small jxirtion however remaining un- 
dissolved, apparently from partial deeomj^sition. It turns brown when lu*atcd on 
platinum-foil, and decomposes completely ut its melting point, leaving a very slowly 
combustible charcoal. 

Tribromocodcine is but a weak base; its salts are all solublo in water and amor- 
phous. The hydrohroniatc, 2C‘'’ll‘®JJr*N0^3HBr, obtained as above, is a light -yellow 
perfectly amorphous powder, sparingly soluhle in cold, more solulde in liot water. Tlio 
efUoropluimate, 2(C'**lI''*Bi**NO*.nCl).PtCl*, is obtaiiiod by prucipibition, as a brown- 
yellow powder, insoluble in water and in alcohol (platinum, by analysis, 13*07 por 
cent. ; by calculation, 13*29). 

CuLOROCODEiNB, 2C***H*®ClNO* + 3II*0. (Anderson, loc. cit.') — Dry codeine 
treated with chlorine gas, yields a number of complex produets, wliich have been 
examined. By passing chlorine into the aqueous solution of codeine, a nearly black liquid 
is produced, from which ammonia throws down an amorphous resinous base. A more 
defiuite reaction is obtained by treating codeine with clilorato of potassium and hy- 
drochloric acid. Finely pulverised chlorate of jx>tus8iuTn is gruel tiully added to a 
solution of codeine in hydrochloric ^id at 66® — 76 C. till the liquid yields a precipi- 
tate on addition of ammonia. of ammonia is then add(Ml, which throws down 

chlorocodeiue as a silver-white or gfenerally somewhat yellowish crystalline powder, 
while a reddish liquid tontains, oonUu|iing products of a further decom^sition. ^ In 
this process, the same precautions most bo oliserved as in the preparation of nitro- 
codeine (p. 1068). The cblorocodeinffisfreedfnima small quantity, of.imdecomposod 
codeine by solution in hydrochlciric Scid, boiling with animid chai^ |cecipjtatiou 
with ammonia, and crystallisation from a hot alcoholic solution. ^ » + 

Chlorocodeine resembles bromocodeine in most of its properties. It dissolves 
iqiaringly in boiling water, and ciystallises on cooling in small pnsms, which appear 
to he isomorphous with the .crystals of bromocodeine. It is very solublo in strong 
Alcohol, especially if hot; sparingly soluble in ether. The crystals thrir 

water (7*48 per cent.) at 100® C. The dried base gives by analysis 66*31 per cent C, 

41*11 «nd^‘32 ct the formula C'»H"ClKO» requiring 64*76 C, 6*99 H, 10*64 Cl, 

4*19 N, and 14*42 O. w 

Chloioeodeine dissolves without alteration in strong sulphuric acid ; but the solution 
is carbonised hv heat Nitric acid also dissolves it, and the solution decomposes on 
boding, thongli, much less easily than that of codeine, giving off nitrous gases and a 
tdir pungent vapour. « 

TIm *alt$ of chloroeodeint w«mUc those of bromoc^eine. The 
'tinatt is a pale yeUow precipitate, which sfter diying si 200® C. yields 18-29 per eeot 
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't- 8 IP 0 , ui d 0 pQ|fted from a hot solution in radiate groups of short pris&t, rerr 
soluble in .boiling wat& and in alcohol. 4 ^ 

Ctaitoooduinb, C**H*’NO*.Cy* (Anderson, loc, cit.) — This compound, which is 
hot a substitution-product like the prec^in^, but rather a cyanide of codeine, ig 
produced wJien'cyanogen gas is slowly passed into a concentrate alcoholic solution. The 
gas is abundanuy absorbed, the liquid first turning yellow, then brown ; the odour of 
cyanogen p^radually disappears, and is replaced by that of hydrocyanic acid; and crystals 
are deposited, continually increasing in quantity, as the passage of the gas is cod. 
tinned. The mother-liquor separated from the crystals yields an additional quantity 
if again treated with cyanogen gas. The crystals are washed with a small quantity of 
alcohol, and dissolved in a hot mixture of ether and alcohol, into which solution 
cyanogen is again passed to transform any codeine that may have remained unacted 
on. Cyanocodeine then separates in thin, shining, colourless or faintly yellow, sii- 
sided laminae. It dissolves easily in boiling absolute alcohol, or in a mixture of alcohol 
and ether, sparingly in water, more easily on addition of alcohol ; this solution how- 
ever does not deposit anything when left at rest, and decomposes by evaporation, 
leaving a residue of codeine. 

Cyanocodeine yields by analysis 68*13 per cent. C, 6*05 H, and 11*66 N, calculation 
requiring 68*37 per cent. C, 6*97 H, 11*68 N, and 15'97 O. 

[It is perhaps a hydrocyanate of cyanocodeine, C’*H^CyNO*.HCy.] 

With hydrochloric acid, it forms a crystallisable salt, which however quickly do- 
composes, giving off ammonia on addition of potash ; the hydrochloric acid solution, if 
left to stand for twenty-four hours, gives off hydrocyanic acid. With oxalic an4l sid- 
phuric acids, cyanocodeine forms sparingly soluble salts which likewise decompose 
quickly, giving off ammonia and hydrocyanic acid. (An derson.) 

ETHTI.OODEINB. C=*«H«NOs =* C*«H*^(C‘-H*)NO«. (H. How. Chera. Soc. Qn. J. vi. 

125.) — The hydriodate of this base is obtained by enclosing in a sealed tube pul- 
verised codeine with a small quantity of iodide of ethyl and sufficient absolute 
alcohol to dissolve the codeine, and heating the mixture in the water-bath for two 
hours. On cooling, a crystalline mass is obtained, very soluble in cold water, whence 
it is deposited, after concentration, in tufts of fine needles. Dried .at 100® C., it 
contains 52*59 per cent. C, 5 87 H, and 27*91 I, agreeing nearly with the formula ; 
which requires 52*73 C, 5*76 H, and 27*92 I. 

The solution is not precipitated either by potash or by ammonia. Treated with 
oxide of silver, it yields a strongly alkaline liquid which absorbs carbonic acid during 
eviiporation. The residue is again attacked by iodide of ethyl, but the reaction 
appears to be veiy complicated. 

loDoooDBiXB, C**H**NOM*. (Anderson, loc. cit,) — This compound — which 
should rather be called iodide of codeine, for it is not a substitution-product-^ is 
prepared by dissolving equal weights of iodine and codeine in the smallest possiUe 
quantities of alcohol, mixing the solutions, and leaving the mixture at rest ; ic^ocodoins 
is then deposited, after a longer or shorter time, according to the concentration of the 
solutions, in triangular plates belonging to the ixiclinic system ; they have a ruby 
colour by transmitted light, deep violet by refiected light, and if well illdfaitiatea, 
exhibit a beautiful adamantine, nearly metallic lustre. They are insoluble ^ witter 
and in ether, but dissolve in alqoholT with red-brown colour,^ ' After drying in vacuo, 
'they contain, ac^rding rfuM of Anderson's analyses, 82*07 per cent* C, 3'^^ 

H, and 55*32 formtua 31*75 C, 3*08 H, and ^ ‘ , 

lodocodeine gives off 0. It is dissojlved'l^liot sulphiiric acid, and 

slowly attacked by hot it^c acia Boiling potash dnRdolVfiil^ the iWne and leaves 
codeine. With snlphurej^d hydrogen, it yidds hydriodate of codeine, with deposition 
of sulphur. With nitrate of silver, it forms an immediate precipitate, which, however, 
contains only about Jlbf the iodine in the compound. (Anderson, loe, eit,) 

. Nitbooodbinb. C c= C'*H»(N0»)N0» (Andersoi]^fou.c«.)--To pre- 
pare this base, dilute nitric acid, of specific gravity 1*060, is heated in a fiask to a tem- 
perature short of ebullition, findy pm verised codeine is and the mixture is kept 

at a gentle heat for a few minutes, tiJl a sample bf it gives a precipitate with ammom^ 
and the quantify of this precipitate no longer increases after several trials. The whole 
of t]^e solution is then saturated with ammonia and briskly ^tated, whereby a thi» 
precipitate of nitrocodeine is formed. The action of the nitric acid is very ra^d, the 
trandbrmation being complete in a few minutes, so that dose watching is necessary to 
seize the exact point at which the liquid should be saturated with ammonia. 
tfbn of red vapours is a sign that the action has gone too far, and that a poftion m 
codeine has been converted into a peculiar red substance, not yet examined. In this 
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tojntem^itthis pro«^ iM^on the whole of Oe o^efae httecommiaodr 
Staottg aci<l acta on oodoine with violeneo, pixMlucing a tqJmw Tf^tiln. 

Nitj^EMe pwdpitated by ammonia, as abore, forma very4i^ silvw 
slightly with yeuow. It is punhed from colouring matter and a little unaltered 

codeine, by solutaon m hy^chloric acid, boiling with imimul charcoal, repreripitatioU 
by ammonia, recrystaUisation from dilute alcoliol or ethisr-alcohol. From alcohol 
it crya^lises in Ihin silky laminse of a jmle tawny colour, forming, when dw, an inter* 
laced silky ma^ From ether-alcohol it separates, by evaporation, in smail yellowish 
crystals, exhibiting under the microscope the form of qmiarilateral prisms with dihe- 
dral sumnuts. It is sparingly soluble in boiling water, and separates in small rrysliils 
on cooling. It dissolves readily in boiling alcohol, sparingly in otlicr. It gives by 
nualysis62’49—6310C, and 0-91 —6*04 H, the formula requiring 62-79 C, and 6-81 II, 

Nitrocodeine when cautiously heated molts to u yellow liquid, wliich soluUass to a 
highly crystalline mass. At a higher temj^cniturc, it decomposes quickly, without 
flame, leaving a bulky charcoal. When the alcoholic solution of uitiocodeino is trtailed 
with sulphide of ammonium at the heat of the wator-bath, it acquires a dark colour 
and de^sits sulphur. AiVhen the action is complete, the filloro<l liquid yields with 
ammonia a brown amorphous precipitate, w'hich, after solution in hyilroc-liloric aciil, 
boiling with animal charcoal, and rt'prcciiutafion, forms a pale yellow basic substance 
(urococfrtne), which has not been further examined. 

Nitrocodeine dissolves in acids, forming salts which arc neutral to test-papers, and 
from which the base is precipitated as a crystalline jiowiler by potash or ammonia. 

The hydrochtoTate is obtained by eva[K)riifion in the form of an uncxystallisable 
Tcsinons mass. The chloroplathhufe^ 2(C*''H‘^'’(NO*)NOMICl).PtCl< + 4sq., is a yellow 
precipitate, insoluble in water and in alcoliol. It gives olf its water at 100® ( 5 ., and 
then yields by analysis 17‘88 per cent. l*t (calc. 17*93). 

The oxalate crystallises in short yellow prisms, very soluble in water. The «*/- 
phatej 2C'"H*®(NO*)NO*.H‘‘*SO* + 2aq. (at 100® C.), is olilaincil in radiate groups of 
short pointed needles, neutral to test-paper, and very soluble in bulling water. 

GOA-XiXVUL OZ&» See Oins, Animai.. 



OfBmVUO AOXil* According to Vlaan<leren and Mulder (Jahresb. f, 
Chem. 1868, p^ 262),ca^ic or cafll tannic acid(i. 709), which they regard as 
yields by oxidation, caffcanic acid, C'*!!"*!)", and from this, by the action of air and 
umtnonia^ uro produced a^ccBrnlic acid, and ^cceriUic acid, C*^I1**0*, both of 

which form blue salts, and consequently resemble viridic acid (^. s.) 

A name sometimes applied to the body C"H»NO, suppoMd to exist 
in siilnMndfgotie acid, C*H**NO.SO*. 

Cmvn. CafL jrajTcc.— Coffee beans are the seed of Caffea arabica, a tree of the 
order, indigenous in southern Abyssinia. It is said to have been traosphiiited 
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into Arabia at the beginning of the fifteenth centniy, and the enltiration has 8inc« 
been extended to the Wes1> Indies, Brazil, Java, Ceylon, and other warm oountries. 
The se^ are separated from the soft pods by braising with a heavy roller, then wushp^ 
and dried, and l^tly freed from their parchment-like coating by passing them under a 
vciioden edgetwheel, and subsequently winnowing. In this state they are Bent to 
Europe. 

The most highly esteemed variety is the Mocha coffee, which is grown in the pronneo 
of Yemen in Arabia: it has a more agreeable taste and smell than any other kind, and 
is distinguished by its yellow colour and the comparative smallness and roundness of 
the bean. Next to it in European reputation, are the Martinique and Bourbon 
coffees ; the former is larger than the Arabian and more oblong ; it is rounded at the 
ends, of greenish colour, and almost always retains a silver-grey pellicle which coiner 
off in roasting. The Bourbon coffee approaches nearest to the Mocha, from which it 
originally sprung. The Saint Domingo coffee, which has its two extremities pointed, is 
much less esteemed than tlie preceding. 

The chemical properties and composition of coffee beans have been made the subject 
of numerous investigations. Schroeder in 1808 (Gehler’s J. Chera. Phys. vi. 6G4), 
showed that they contain fat, resiup mucus, extractive matter, &e., and that the aqueous 
extract is coloured green by ferrdso-fbrrie salts, and yields a green precipitate with 
copper-salts on addition of an alkali. — Runge in 1820 {Materalien ztir Ph^jsiologie, 
Lief i. p, 146) discovered caffeine: and Pfaff Materia Afcifica, iii*3)fouii(i 

in the beans, in addition to this substance, two acids, viz. caffeic and caffe tannic 
acids, which, however, were afterwards shown byRochleder to be identical. The 
examination of coffee-beans was further carried out by Bobiquet and Boutron 
(J. Pharm. xxiii. 101), who found, in addition to fat, extractive matter, and caffeine, a 
white crystallisable substance, and an acid precupitable by neutral acetate of lead 
by Bochleder (Ann. Ch. Pharm. 1. 224; lix, 300; Ixiii. 193; Ixvi. 35), who found 
legumin, and a very small quantity of citric acid (a few grains in a pound of 
coffee); — afterwards by Payen (Ann. Ch. Phys. [3] xxvi. 108), von Bibra {Knr- 
kotische QenUfSRmitUiy u. s. w. Niimberg, 1855), aud lastly by Graham, St en house, 
and Campbell (Chem. Soc. Qu. J. ix. 33). According to Payen, the caffeine exists 
partly in the free state, partly as caffetannate of caffeine and potassium (a view couhI- 
derea as doubtful by Graham, Stenhouse, and Campbell). Payen also found sugsr 
in the unrousted beans. According to Graham, Stenhouse, and Campbell, the unroasted 
beans contain, partly cane-sugar, partly another kind of sugar, probably in combi- 
nation as a glucosiae, the total amount of sugar in various kinds of coffee Tarj'ing 
from 6*0 to 7*5 per cent. The caffeine amounts to 1*0 percent, according to Payen; 
from 0 ’5 to 1*0 according to Graham, StenhoUse, and Campbell. The amount of 
fat appears to vaiy considerably. According to Bochleder, the beans contain olein 
and palmitin, perhaps also laurostearin. Bobiquet and Boutron found in 8 pts. of 
Martinique coffee, 1 pt. of fat. Payen found that Mocha coffee contains about 13 pt’r 
cent, of fat, which is rather greater than the <|>roportion in Martinique coffee. The 
fat of Mocha coffee also retains the odoriferous principle more tenaciously than that of 
other varieties ; it is yellowish, very fluid, ana separates only into two portions of 
different melting points, whereas that of Martinique coffee has a more brownish colour, 
is less fluid, and may be separated into at least four distinct fats, melting at about 
5®, 20®, 60®, and 90® 0. respectively, the last being a kind of vegetable wax. Ac- 
cording to Stenhouse, coffee beano, contain about 12 per cent, of fat. According to 
Vogel, benzene extracts from them 28 per cent, of soluble matter. 

The following is the averagQptmpositiou of raw coffee beans, as determined by 
Payen and von Bibra: — 

Cellulose . 

Water ... 

Fat . . ' . 

Glucose, dextrin, and or 

acid . • , 

Legumin and Casein . 

Other nitrogenous substances 
Caffeine (free) . 

Caffbtannate of caffeine and 
. potassium 

Viscid essential oil (insoluble 

in water) • 

Aromatic oils, some lighter, 

others heavier than water 
' Ash « . . . , 


Payen. 




Bibra. 

34 

Woody fibre • 

• 


36 to 59 

. 12 

Water • • 

• 


6 to 9 

10 to 13 

Fats • 

• 


3to 5 


Sugar 



6 to 7 

. 15-6 




. 10 
« 

Vegetable casein 


undetermined 

• o 

08 

Caffeine . . 

. 

. 

0-2 to 0*8 

3*6 to 6 0 

Essential oil . 


not weighable 


Substances precipitaUe 

7to 8 

. O'OOl 

neutral acetate of lead 

0 


Precipitable by basic ace- 

6to 6 

. 0 002 

tate of lead . 


, 

. 6-7 

Ash . 



6 to 7 
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3-2 per cent wh.— T. 3. Hcrnpath (Chenv 


OompotiHon cf tke Mh of Chffee-bean* in 100 part$^ 


FUUah . , . 
Soda ...» 
Lime , . • . 

MAgnetIa . • 

Ferric oxide . 
Sulphuric acid 
anhydrous . 
Carbonic acid 
anhydrous . 
Phosphoric 
acid anhydrous 
Cldorine . . . 
Silica .... 

Levi. 

HengMith. 

Graham, Stenhouse, and Campbell. | 




CosU 

Rica. 




W-9 

14S 

49 

10-9 

06 

trace. 

13*6 

1-9 

8-6 

16*5 

M 

27*7 

6‘9 

rs 

40-7 

0*4 

0*4 

M-l 

4*1 

8*2 

0*45 

3‘6 

17-8* 

10*3 

l‘I 

! 

527 

4-6 

«•« 

0*98 

4*6 

16*9 

11*6 
; 0*6 

54*0 

4*1 

0*7» 

6*5 

IS'l 

11*0^ 

08 

68*2 

4*6 

8*7 

0‘6S 

8*8 

16*9 

10*8 

1*0 

83*7 

6*1 

8*4 

0*44 

SI 

16*4 

11*1 

0*7 

51*6 

5*9 

8*9 

0*44 

6*2 

17*0 

10*1 

0*6 

56*8 

67 

8*5 

0*61 

8*1 

14 9 

10*8 

0*6 


From the analysis of the six varieties by Gralmm, Stonhouse, and Campbell, which 
exhibit a remarkably close agreement, it am^ears that coffeo-asli is especially distin* 
puished by the absence of soda and silica. The soda found by Ijcvi is doubtful, and 
llerapath’s results, which differ enormously from all the rest, may be rejocte<l as un- 
trustworthy. 

Roasting Coffee . — Coffee-beans, when heated or roasted, assume a light brown, chest- 
mit-brown, or even black colour, according to the dt^oo of liout nppUed. The air- 
dried beans diminish in weight during ro:isting by 15 or *25 per cent, but incrensi* 
considerably in volume, the increase amounting, according to v. liil)ra, to from 50 to 58 
per cent., if they have been previously washed, or if they are strongly h<'atiul. Ac- 
cortling to Payen, 100 grms. of raw coffee-boaiiB yield 50 grms. of roaste<l l>eans, and 
100 vols. of the beans incresise by roasting to 130 voIh. To roast t he b<‘aris with perfect 
regularity, it is best to steep them in water for ten or twelve ininuteH, then to dry 
them lightly, after draining, and roast them immediately. Tlie steeping removes im- 
purities, and perhaps also serves to impart to the beans a uiiiforni amount of water, so 
that tliey get more regularly heated. 

The vessels used for roasting coffee are generally of iron : r<*eontly silver and glass 
vessels have also been used for the purpose. The chief point to bo uttonded to in their 
construction and use, is to ensure that the heat ho gradual and not too strong. If the 
V>eans are heated above the temperatuto required to brown them, they swell iq) strongly, 
turn black, and ultimately become earbonis6<l. (See lire's Dictionary of Arts^ Ma7iu^ 
fa/^tures, and Mines, i. 794.) 

By heating coffee-beans in a retort with proper condensing apparatus, the following 
volatile products are successively obtained (v. Bibra) : 

1. A volatile oil, pre-existing in the raw beans, and little, or not at oU altered by 
heat. 

2. Volatile oil having the odour of roasted coffee. 

3. Empyreumatic oil, 

4. A &tty body. 

6. Acetic acid* , 

6. A small quantity of cafleino, together with an aromatic body, probably assamar 
(i. 428). 

7* Mumoid substanoes, and one or more compounds which easily reduce gold and 
silver-salts. 

The statement of Rochledcr that pyrocalechin is formed la. the distillation (from, 
the caffetannic acid), is not confirmed by the observations of Gh*aham, Stenhouse, and 
CampbelL 

The composition of roasted coffee has been investigated by Payen, by v. Bibra, and 
by Graham, Rtenbouse, and CampbelL Payen exhausted 100 grms. of ground coffee 
with a litre of boiUng water; heated the filtrate in a distillatoiy appmtus for two 
hours, whn^ time it had quite lost its odour ; and collected the distillate in four 
eoneected reoeiTers, the first of which gradually became heated to about 90® C., while 
the second was kept between 26® and 80®, and the third and fourth were cooled to 0®, 
or 'a 'little below, the vapours which escaped from the fourth being passed through 
etroMg sulphuric acid, or tmough a tube filled with red-hot oxide of copper. 
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In the first receiver, a yellowish water collected, and a fi^^firops of oil, amonntina 
to atx)ut ^ of the infusion, fioated 6n £he surface, cU j j i iifat e of fragrance. The 
liquid condensed in the second receiver amounted to abonty^ of the volume of the in. 
fhsion : a few drojps of an odourless fined oil floilM t(^ of the watery liquid 

which possessed the fragrant odour ctcoffee u & few drops of it 

sufficed to impart the odour to a cw ipf tffilk 'w»w <^tys second receiver coq. 

tained the principal part of the cooee-aroma, concentifitted about. lOfi' times. On agi- 
tating the water with about J of Its volume of ether, repeating tfhis treatment several 
times, and then evaporating ^ eth^ ther^.9eia^j||j^^ a yellowish oU ^about 0*1 grm. 
from 10 grms.), the vei4 Mrqi% od^d^<^^ rambled that of the acema common 
to the several varietiev of *coj9^ Anther oO, somewhat more volatile, and of more 
delicate aromatic odour, neiili|^^ a Uttle ether, in the water: this oil 

appears to be contained esp^^^U^ ljlim fends of coffee, as that of Mocha. 

To obtain the wholii^C#jtbf of coffee, lumps of chloride of 

calcium are introduced tW receivers during the distillation ; the third 

receiver is connected with a and cooled to + 20*^ C. A solu- 

tion of chloride of calcipm is theb obfsined,' Containing the whole of the volatile coffee- 
oil, which may be extfdcted^from it i)y station with ether. Payen obtained from 
10,000 pts. of coffee only 2 pta of this possessing, so strong an odour that a 

single drop sufficed to fill a whole room with dtC characteristic odour of coffee. 

If the third receiver be cooled to —2^ or —3^ C. durmg the distillation, a few drops 
of liquid collect in it having the odour of coffee, but likewise the less agreeable odour of 
empyreumatic hydrocarbons, which are j^esent in greater quantity in proportion as the 
coffee has been more strongly roaSted. 'The odour of these bq^es is perceptible also 
in the fourth receiver and in the vapouss'Vhiuh escape therefrom, these vapours like- 
wise imparting a brown colour to oil of vitrioL 

According to Zenncck, the aroma of coffee is obtained in larger quantity by adding 
sulphuric acid to the liquid in the retort 

Von Bibra, by exhausting roasted coffee-beans with ether, obtained from Mocha coff c 
8*8 to 9*3 per cent, fatty matter; from Java coffee 89 to 9*2 per cent He supposes 
that this fat is for the most part produced ddring the roasting, inasmuch as the raw 
beans yielded only from 4 to 6 per cent of fat ; and, if the beans thus exhausted were 
subsequently rosisted, they yielded an additional 4 to 6 per cent, fat on being again 
treated with ether. It is possible, however, that the fat in the raw bean is enclosed 
in cells, and does not become accessible to the ether till the envelopes are burst by the 
heat. 

The fat extracted by ether has the consistence of cacao-butter (i. 699), and exhales 
the peculiar aroma of coffee, which appears to be produced from the volatile oil of the 
raw beans by roasting ; by boiling the fat with water this aroma is driven off The 
fat is a mixture of several substances, some of which are likewise soluble in alcohol. 
It appears to contain olein and palmitin, together with’ a resin and a hydrocarl)on ; 
perhaps also other bodies. The ethereal extract likewise contains the whole of tlie 
caffeine, and a body which colours iron-salts greenish, precipitates lead-salts, and re- 
duces gold and silver-salts. 

When ground coffee which has been exhausted with ether, is twice heated with 
boiling water, after drying, a dark brown, strongly acid liquid is obtained, having a 
very bitter taste, but without the peculiar ugreeafee flavour of coffee. The aqueous 
extract likewise contains sugar, humoid substances, assamar, and tannic acid, nearly 
identical with caffetannic acid ; a^^a substance which reduces gold- and silver-salts, 
a small quantity of empyreumm^oil, salts, and indifferent substances insoluble iu 
alcohol. The brown bitter proKts in roasted coffee appear to be produced chiefly 
from the sugar, inasmuch as thi^Snbstance diminishes greatly in quantity, or disap- 
pears altogether, in the roasting proce8.s. Graham, Stenhouse and Campbell found 
that, whilst the raw beans contained 6’7 to 7*8 per cent, sugar, the roasted beans never 
contained more than 1*1 per cent., and in ‘many instances nona-at aU. 

The residue, after extraction with ether aud water, yielded by iKiiling with water 
containing carbonate of sodium, a solution coloured deep brown by humoid substances* 

Decoction of coffee does not contain albumin or logumin. 

Graham, Ptenhouae, and Campbell found in roasted coffee, a brown volatile oil (the 
eajffeoM of Boutron and Fremy), heavier than water, easily soluble in ether, sparingly 
in boiling water, but communicating to the water a strong aromatic odour. They 
also found from 2 '6 to 3*0 per cent, nitrogen and sometimes a little sugar. 

Von Bibra finds that when ground coffee is treated with boiling water in a French 
coffee-machine,— -in which the filing water is forced by the pressure of its own vapour 
from the lower vessel into the upper, which contains the coffee, — from 10,to 12 pta 
out of 100 of the coffee pass into the solution : by complete exhanstion,^ a 
proportion would of course be dissolved. The proportion of soluble matter is increased, 
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to ■ oortain poio^ MjlttOBg joaating. Aecoiding to Oad«t, coffee roaitcid to a lod* 
blown colour yields 13*8 M cent.; cheetnut-broWu coi&o 18*6 per cent ; end dark 
brown 28*7 per oenft of eoll^e coi^tuente. Pa^n obtained 37 per cent, and the 
reaidne, after thoroi^«gdM|ju^ with wat». yifeided only 1 *2 per cent, ash, | of which 
consisted of solul^le wti.. fj&huanit' foui^ % roo^ Java coffee, 21'd per cent, 
soluble matter,# *Vogpl fondd 88 per cent, (in toe raw beans only 26 per cent.). Soft 
water diseolvea oot mora than hard water; water CQntaiuing carbonate of soda most 
of all ‘ ■; ■ ' . 

The aoheilus eatrect of coffee yrnda p8r ^ntr4sii#totttaining 61 *6 per cent. 
K*0, 8-6^aO, 8 6 MgO, 0*2 PV0» l0 aPH)*^4ff0 20^8 00*. 2 0 KCl, 0 7 SiO*. 

with 0*6 sand and charcoal. ' " ' 

Physiological action, — Coffee acts physiologioS^^ two : ftrat, by stimulating 
the action of the nervous and vascular systom^ thereby|p^uein^ a feeling of cheerful- 
ness and mental activity ; secondly, by totaidingth#60Bttfeinnanon of tissue, and thus, 
to a certain extent, supplying the placif otDthei.aut^ent.< Ei^rienco has in fact 
shown that labourers who habitually take coffee os a berkregOt ^uire less nitrc^snous 
food to keep up their strength than thoee who do not take cofl^ The stimulatii^ and 
invigorating action of ooffee appears to, depend both upon the empyreumaiic oil and 
the caffeine ; the retardation of tissue-transformation, chiefly on the em^reumatio oil, 
the cHff*«^** acting in this manner only when it is present in considerable q^uantity. 
The unpleasant symptoms which sometimes attend an excessive use of coffee, such as 
headache, trembling, and a peculiar delirious sensation, are mainly due to the oaffbine 
(J. L eh m ann, Ann. dh. Pharm. lixxvil 207). The assaraar and tannic acid in roasted 
coffee doubtless also contribute in some way to its physiological action. 

Tea resembles coffee in containing theine (identical with caffeine) and tannic acid ; 
and, accordingly, its action resembles that of coffee to a certain extent; it differs ftoni 
coffee, however in not containing the peculiar empyroumatic oils just mentioned, and 
in being richer in theine and tannin. 

Adultaratton of Coffee. (Graham, Stenhouse, and Campbell, W cit.)^ 
Various substances, more or less resembling coffee, are used, either us substitutes for, 
or additions to it A great variety of seeds were tried in Franco during the con- 
tinuance of the continental blockade, including — in addition to maize, barley, oats, 
and the other cereals— the seeds of the yellow flag (Iris pseudo^aa^'ua), the grey or 
chick pea {Cicer arieiinum), the milk vetch or Andalusian ostriigalus {Aatragalus 
boeticua), the Hihiscua esouientua, the holly. Spanifch broom, aciu'ns, chestnuts, the small 
lupine (Lupinus atiguatifoUa), peas, haricots, horse-beans, sunflower, pips of the goose- 
berry and grape eglantine i^Koaa mlloaa)^ and the capsules of box {Ittixus aempervirena). 
Of these the yellow flag, a common marsh-plant in England, appears to offer ths 
greatest similarity to coffee ; but it is doubtful whether the n^emblance exteniU beyond 
rile aroma of the seed when roasted. Indeed no seed appears to bo known which, when 
roaste<l and pulverised, forms a true and eflicient substitute for coiFce, either in the phy- 
siological properties or in the chemical composition of the soluble extract. The poorer 
sorts of coffee-beans are sometimes tinted by dusting them with coloured powdcni, such 
as Prussiaublue, powder of lime-tree charcoal, raen earth, &c., mixed with a little gra- 
phite, to give them the silvery appearance of the flner sorts. j ^ • u 

The use of certain roots roasted and pulverised, to mix with ground coffee, is, how- 
ever, much more common. The roots most used for thU purpose are those of chicory 
(Cichorium intylma\ carrot, beet, rush -nut {Cypem ^cuiantus), earth-nut 
ht/poyaa\ BCTatch~weed (Cralium aparine), fern {Polypodium fUix 7n4is)t ana butcher s- 

broom (Euscus aotdeatua), .... t • * 

These roots are prepared by cutting them into thin shew, drymg them on a stove, 
and tiiMi pBMing them thpongh a coffee-roaater, generaUy with addition of about I per 
cent, of butter, and soinetitnes of a red powder, to, give them the colo^ of coffee, to 
this country and in France, the root most used as an "Edition to coffee is chicory, 
the aDnualeoneiimptioii of which in France amoanta to 6,000,000 kilywnim^^ ^ In 
Oomiany, beet and carrotare exteneively used for the ^e purpoae. Nrt om of ^ 
rooto eiUiw caffeine or the peculiar aromatic oil. of niaated coffee, and 

they ean never eerve aa efficient auliatitutea for coffee ; but they are valurf aa m add^ 
to i becauae they contain a largo quantity of .ugar - charoiy a. 

—and eonaeqneiily, when roaatod, acquire the pe^iar bitter 

the aioma^caramd or burnt ingar, which » well known to be one of the stjmig^ and 
mo^i^iSlT^^totoiy pSfcrence., being that which giTC. the peculiar flavonr 
to tho savenl vuriatifis of brown beer or porter (i. 629). ^ 

Th. naaination of a aampla of groimd coffee for the 
these adnixtiinM^ is a matter of aome didiculty. Aa none of »**• 

Uneu tlie quan^ira dotannination of that baae m the aample may giT* an appmi* 

Voul. 3 21 
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mation to ita degm of purity. For this purpose, the cofT^ be exbaustpd br 
repeated boiling with hot water; the solution concentrate k by eraporation; 
the caffetannic acid, and certain other substances, precipitated first by neutral and then 
by basic acetate of lead ; the, excess of lead removed from the filtrate by sulphuretted 
hydrogen ; the liquid then evaporated to diynesa; the dry matter exhansted with spirit 
of specific gravity 0*840 ; and the alcoholic solution concentrated to a nearly js^rupy 
state, and left to stand for ten days. The crystals of caffeine, which then sepaiute, 
are collected on a small filter, compressed powerfully to remove the mother-liquor, then 
redissolved in a small quantity of water, apd the solution is evaporated and crystallised 
anew. It yields almost pure caffeine, the quanti^ of which in the sample is thus 
determined. Samples of pure coffee of several varietiesyielded, by this treatment, from 
0*80 to 1*01 per cent, caffeine; if then the:phonnt obtained fr^ a given sample be 
less than 0*80, the admixtiu»‘of some other sqhatasice may be inwm^ (Graham, 
Stenhouse, and CainpbelL) f 

If it be desired merely to determine whether a giv^MM^ple.of ground vegetabls 
substance contains coffee or not, the search for caffeine may be made a simpler 
process, namely, by evaporating the igneous in&sion to dryness after addition of lime, 
treating the dry mass with ether, leaving the solaticm to crystallise ^ evaporation, and 
testing the crystals with nitric acid and ammonia, where%, if caffeuie be present, the 
purple colour of murexid is produced (i. 708). 

The formation of quin one by the oxidation of caffetannic acid (i 709), may also 
be used as a means of recognising the presence of coffee in a mixture. For this puipose 
the infusion of the powder is evaporated to syrup, and 1 pt. of the residue is distilled 
with 4 pts. peroxide of manganese, and 1 pt. oil of vitriol diluted with 1 vol. water; 
quinone is then given off, part subliming in crystals, while the rest passes over with 
the watery distillate. (Graham, Stenhouse, and Campbell.) 


The adulterations of coffee are most easily detected by their physical characters, 
by the proportion of sugar contained in the sample, and by the composition of the a.sh. 

1. Action of Water , — When hot water is applied to the powder of chicoiy and other 
rootfl, it softens immediately, firom the facility with which the water is imbibed; 
whereas the p;rains of coffee remain hard and gntty. Roasted grain, such as whest 
and barley, gives with hot water a thick mucilaginous infusion, while the infusion of 
coffee^ is remarkably thin and limpid. The grain-infusion generally contains starch, 
and gives a blue coloration with iodine, whereas the infiisions of both coffee and chicory 
appear to be quite destitute of starch. 

2. Colouring Power, — Chicory and the allied roots impart to water a much deeper 
colour than coffee, the coloration being also much more rapidly produced, By in- 
fusing equal quantities of the several substances with boiling water, and obsem'in^r the 
colour of the filtered infusions in glass tubes of equal diameter, it was found:— if the 
colouring power of caramel be represented by 1000, that of chicory is 450, of maize 
350, of dandelion-root 300*3, of red beet 300*3, of bread- raspings 274*72, of acorns 
200, of highly-roasted coffee 173*31, of medium-roasted coffee 143*88, of pt‘as 73*1«, 
and of brown malt 25. Hence it appears that chicory has more than three times tlie 
colouring power of highly-roasted coffee ; maize doable that of coffee ; whereas peas and 
beans have only about half the colonring power of coffee. 

In infusions prepared with cold water, chicory exhibits four times the colouring power 
of coffee. If a few grains of roasted chicoiy or any other sweet root be dropped into 
a glass of cold water, without being^rred, a yellowish-brown colour diffhses rapidly 
through the diquid, whereas pureteffee gives no senaibld colour to the water under 
similar circimstancos. IS 

3. Specific Gravity of the Infu^mk , — Coffee za sharply distinguished from the two 
most important classes of adulterit^ff subetances, the roots and cereals, by thb com- 
paratively low specific gravity of its mfiision. The com^rison may be made by dis- 
■olving I pt. of the substance in 10 pts. of cold water, raising the temperature to the 
boiling point, keeping it there for about half a minute, and then filtering. The legu- 
minous seeds give ii:%i8ionB of low specific gravity : peas 1007*3, beans 1008*4. The 
^ecifio gravity of coffee infusions varies from 1008*0, for Mocha, to 1009*5, that of 
Costa Rica co^e ; that of chicoiy mfiision is much higher, ranging in different samples 

1010*1 to 1028*2. Infusions of cereals stand equally high, or higher, in the 
•eale of gravity, rye-meal giving 1021*6, and maize 1021*5. 

4. Action of JEther.-^li!he following substances, agitated with ten times their weight 
of ether, give different proportions of matter soluble in that liquid, viz. : 

Roasted beans 1*81 per cent of oil and resin, 

„ maize . , ' , , , 5*15 „ „ , n 

H chicoiy (Torkshire) . . 6*83 „ „ 

^ coffee (Mocha) . . 15*93 „ . „ ir 
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the l«»t incladmg I per cent, of caffeine. _ Hence it appeanthat eoftayidda 

to eth€r much moniiflolabie matter than beans, maize, or chioo^, vhieh represent th« 
thi^ dassea of le^fuminous seeds, cereals, and sweet roots. The fat obtained fi^nn 
chicory was doubtless that which is added in the roasting process, to prevent bnming. 
The experiment with ether is easily made, and may sometimes prove valuable. 

jjhtanHty of fermentable Suaar^ — The quantity of fermentable sugar in sweet 
root8;i^l!li before and alter torremotion, is much greater than in coffee. By subjecting 
the diflfepent substances to fermentation with yeast, and determining the amount of 
alcohol in the distillate (see Sugar), the sugar in raw coffee is found to vary fbom 6*20 
to t*52 per cent ; that of roasted coffee &om 0‘0 to 1*14. The proportion in chicory 
and other sweet roots is given ih the following table: 

' RuZ»t poTcent. 


r*y 



IlnnstiHl. 

Foreign diicoqr , . 

• • • 

. 23*76 

11*98 

Guernsey „ -- . 

« a 4 

. 80*49 

16*96 

English „ 

• • 4 

. 36*23 

17*98 

„ „ (Yorkshire) 


. 32*06 

9*86 

Mangol^wurzel 

♦ a » 

. 23*68 

9*90 

Carrots (ordinary) . 

a • * 

. 31*98 

11*63 

Turnips .... 

a a • 

. 30*48 

9*66 

Beetroot (red) 

• a 4 

. 24*06 

17*24 

Dandelion root 

• a a 

. 2196 

9*08 

Parsnips 

a a 4 

. 21*70 

6*98 

Bonka (a coffee substitute) 

a a a 

. — 

6*82 


These numbers arc sufBcient to show that the fermentation- tost affords an easy 
method of distinguishing these roots from coffee. The leguminous seeds, cereals, and 
other seeds are not so easily distinguished by this method, the proportion of sugiuc* in 
the roasted material varying only from 0*74 in lupine s<^od to 2*70 in acorns. 

6. Composition of the Ash , — Coffee is remarkably distinguished from the roQts and 
cereals by the smdl quantity of silica in its ash, which never exceeds 0*6 per cent. ; 
and even this small quantity, which is not always present, probably aiisos nt)m acci- 
dental adhesion of sand to the beans. Chicoiy-ash, on the other hand, conbiins (after 
deducting sand) from 3*81 to 10*62 per cent, silica (i. 962), and roasted dandt^lion-root 
11*26 per cent. The proportion of silica may be determined, without making a formal 
analysis of the ash, by simply digesting it in strong hydrochloric acid and weighing 
the residue. In lupines, acorns, maize, and parsnips, the proportion of silica is not 
large enough to afford a good distinction from coffi^e; but lupine-ash contains 17*76 
per cent, of so^, which, according to Graham, Stenhouse, and Campbell, is not found 
in coffee-ash; the ashes of lupines and of acorns likewise contain twice os much 
chlorine as coffee-ash, and in the ash of maize the proportion of phosphoric acid is 
very high, viz. 44*5 per cent., whereas in coffee-ash it is only about ton per cent. 
Beetroot ash is distinguished from c<jffee-ash by its very largo amount of chlorine, 
which varies ftxim about 8 to 29 per cent. 

7. Proportion of Nitrogen. — The nitrogen in foreign raw chicory amounts to 1*61 per 
cent, in the roast^ root to 1*42 percent. English chicory gave, in the raw state 1*86, 
in the roasted state 1*74 per cent, nitrogen. In roasted coffee the proportion of ni- 
trogen is rather greater, viz. about 2*76 per cent.; but the difference is not great 
enough to afford a good mode of distinction. It may, however, be admittsd that loss 
than 2 per cent, of nitrogen in coffee is a strong presumption of adulteration with 
ehioory or some other root. 

On |iie whole, we may conclude that the best indication-tests 'of the presence of 
foreign substances in ground coffee are afforded by the colouring power, the speciHo 
gravity of the infusion, the fermentation-test, and the composition of the ash. 

OMnraa SaJLimi* The leaves of the coffee tree have been examined bj 
Stenhouse (PhiL Mag. [4] vii. 21), who received a sample of them, dried at mthep 
too high a temperature, from Sumatra. They were found to contain 1*2 per cent, caf- 
feine, and altogether 2*1 per cent, nitrogen ; as some of the eaffoine may have been 
decomposed in the drying of the leaves, the real proportion may perhaps^ amount to 
V6 per cent. They appear to contain a larger proportion of ca f feta i i ni e add than 
the beans ; the pfrqportion of matter extracted by wato was 38*8 per cent. An infh* 
sion of tile leaves m boiling water has a deep Imwn colour, and m taste mid ocUmr 
resemiles a mixture of tea and coffee. The leaves might therefore, perhaps, he used 
w a substitate for tea-leaves or coffee-beans. Thdr use for this purpose was flisi 
iQggested by Van den Corput in Brussels. (Ann. Ch* Phann. Ixx xix, 244.) 

' €M»nmmk Syn. with CAmnni (i. 707). 

3x2 



lore COGNAC — COHESION 

The finest kind of French brandy distilled fh>ni irine ; it takes it# 
name ftom the town of Cognac^ in the B4partement de la Charente. (See Bbandt 
i. 652.) 

■ COB08AT1OV. The continuous redistillation of the same liquid from the same 
materials. 

C0888Z0Sr and ABHBBZOST. Cohesion is the force by which particles of one 
and. the same body, or homogenous particles in genera^ are hdd together. Adhesion 
that which holds t^ether the particles of two dissimilar bodies when brought into 
close contact. 

These forces appear to act only at distances inappreciable to our senses. When a solid 
body, as a piece of wood or stone^ is broken, the pieces cannot be made to cohere again 
by merely pressing them together, because the surfaces, being nneTen, can only come 
into contact at a few points, and the cohesive force is imperceptible ,* but if the bodies 
touch each other by large flat surfaces, as when two well polished plates of glass or 
metal are pressed together, they cohere with ^at force. 

The adhesion between the particles of dissimilar bodies is determined by precisely 
similar conditions. Plates of lead and tin, or of copper and silver, may be almost in- 
separably united by strong pressure between rollers. Adhesion takes place with pecu- 
liar facility when one or both of the bodies is in the liquid state, because the particles, 
being free to move, can easily adapt themselves to each other. All liquids, like oil and 
water, which do not mix, adhere with more or less force by their sorfaces, and adhesion 
shows itself in most cases when a liquid comes in contaet with a solid body, the liquid 
being then said to wet the solid. A glass plate suspended from the arm of a balance 
and made to touch the surface of water requires considerable force to sepaj’ate it. If 
the liquid which adheres to the surface of the solid afterwards solidifies, the adhesion 
becomes still stronger : this is the principle of cem e n t i n g. When two glass plates are 
joined together with sealing wax, the adhesion is sometimes so strong that in attempt- 
ing to part them, particles of the glass separate from each other rather than from tliu 
wax. 

Notwithstanding the great difference which appears to exist between these mole- 
cular forces, and that of gravitation, the former acting only at insensible, while the 
latter acts at aU distances, it is not difficult to show that both kinds of attraction m»y 
be merely different modifications of the same power. Let it be assumed that nil ulti- 
mate atoms attract one another with forces varying directly as their masses and in- 
versely as the squares of the distances between them, and that the aggregates of atoms 
constituting the physical molecules are not spherical, at least not in all cases. The 
law of molecular attraction will then depend in great part on the forms and dimim- 
sions of tliese molecules. The attraction between spheres composed of particles whi< h 
attract one another according to the law of the inverse squares, is the same as if the 
whole matter of each sphere were concentrated in its centre, that is to say, the 
spheres attract one another inversely as the square of the distance between their 
centres. But in bodies of any other shape, the attraction may be regarded as consist- 
ing of two parts, one foUowing the law of the inverse squares, just as if the bodies were 
spherical, the other dependent on the shape of the bodies, and varying inversely hs the 
cube of the distance between th^ir centres of gravity. Such is the case with the attrac- 
tion of the earth and moon. The equatorial protuberance of the earth produces certain 
perturbations in the relative movemept of the two bodies, which vary in magnitude, 
according to the law last stated, would become much more perceptible if the earth 
and moon were nearer to each otho A^ t would vanish if the distance between them were 
much greater than it is : for examfXlf the distance were diminished to ^ of its present 
amount, the principal part of the^Sctractive force, which determines the elliptical mo- 
tion, would he increase 100 times, but the disturbing force depending on the figurft 
would be increased 1000 times. If then the law of attraction between the molecules of 
bodies be aifreted in like manner by their figures, it will follow that at the extremely 
aiUHll distances existing between the particles of a solid boqjaor of twb bodies pressed 
closely together, the molecular force, which determines the phenomena of cohesion and 
adhesion, may become almost immeasurably greater than when they are separated by 
any appreciable distance ; for the molecules are so minute that smallest di^n<^ 
appreciable to our senses may be regarded as infinitely great compared with their di* 
mensibns, so that it is only at insensible distances that the infineiMBe of their form 
mak^ itself felt. ^ 

The force of cohesion varies with the temperature and the nature of the body. 
gases, in which the dimensiouB of the actual material paitidiisniustbe supposed toM 
UD^tely small as compared with the intervals between them, the cohesive force is 
little, if at all perceptible ; in Ikct, the particles of gases have a cons^t tendenegr to fly 
asunder. (See Gaaw and HnaT.) 
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In Hqnldi^ the distance between the paiticlee is still sufflciently 
with their sise, to give great freedom of motion, but «not sufficient to the 

molecular attraction depending on the form of the particles imperceptible; hence 
liquids, though their particles yield with ease to any external force, nevertheless ex» 
h^it, when left to themselves, a tendency to assume the spherical form, that being 
the arrangement in which a given numl^r of particles occupy the smidlest space ; 
since, however, the liquid mass is subject to the influence of other forces, as gravita- 
tion and adhesion, the spherical form of a drop is never perfect ; this may be seen in 
the form which drops of mercury assume on gloss, or water on glass smeared with fat 
or lycopodium. As the tempemturo rises, the cohesive force becomes les^ in oonse- 
qaence of the greater separation of the particles ; consequently a heated liquid gene- 
rally forms smaller drops than a cold one. Dilferent liquids exhibit different degrees 
of cohesion, the cohesive power being very nearly proportional to the density. 

In solids, the cohesive power shows itself in the highest degree, the particles 
not being able to move freely over one another, so that an external force, if it 
docs not produce disruption, gives rise to an equal and parallel motion throughout the 
mass. 

The force of cohesion in a solid is measured by the resistance which the bo^ offiirs 
to any mechanical force tending to separate the particles. The resistance ofl^d to 
a force tending to pull the particles asiiuder is called the absolute cohesion or 
tenacity; tho lateral resistance to fracture is the relative tenacity; and the resist- 
ance which the body opposes to a crushing force is sometimes called tho retroacti ve 
tenacity (ruckwirlccnde FcHigkeit\ These three modifleations of tho cohesive 
strength have all been made the subject of direct experiment in numerous bodies ; 
they are connected witli each other by relations which are capable of exact 
mathematical analysis, but the investigation of which is foreign to the character of 
this work. 

Absolute tenacity — ^Muschenbroeck made numerous experiments on the absolute 
tenacity of bodies; his results are given in the following table, which shows the 
weights required to break rods or wires of various materials when suspended from 
them : 


Elm-wood • 

Pine {IHnv* silvestria) 
Fir {Pinus abiesi) . 
Oak . • • 

Beech . • 

Ebony . ^ 

Copper wire - • 

Brass 

Gold . • • 

Lead • . • 

Tin 

Silver . 

Iron 

Glass (white) 

Hempen cord • 


Absolute Tenacities of Solids 

Hortsontal section 
s=| square Ime. 

. , . 87 pounds 

s) • • . 97 „ 

. 67—88 ., 

. . 110—140 „ 

. . 130—148 „ 

. . . 89 „ 

. • . 266 „ 

. . . 340 „ 

, . . 442 „ 

. . • 26 ,, 

• . • 43 ,, 

. . . 326 „ 

• • > 308 ,, 

. . 14—22 „ 

, . 34—60 „ 


llorlsonUl seetioa 
■a I sq. centimetre, 

918 kiiogr, 
1021 „ 
600—020 „ 
1160—1466 „ 

1349—1686 „ 

934 „ 

2782 „ 

3660 „ 
4646 „ 

272 .. 
467 „ 

8411 
4182 ., 
142—283 II 
360—300 I, 


The great variation in the strength of hempen cord arises from the unequal quality 
of the fibre. Thin cords are comparatively strojiger than thick ones, because they are 

fc ”^ld lit the above table i« doubUeta too higb. . 

Sickingen, the tenacities of different metals are to one another in the following propor- 
tions: — 


Gold , 
Silver . 
Platinum ^ 


160666 

190771 

262361 


Copper . ^ • 

Soft iron (Swedish) 
Hard iron • 


304696 

862927 

669680 


The fenowing teblo oshibita th, abwluto of 

pentnte, of OV10<»“. •nd 200»O.. a* det^uiM by Baodrimont 
m vwr 804.) The upper number opposite each metal pves the highest tenaa^ oh:- 
served; the lower number the mean of each set of experiments; 
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Teuadt]^ In grammes for a tranevenie section of 1 mm. at j 




t 

0° 

100° 

200^ 

Gold . 

. 

. 

f 190*51 

1 18400 

15766 

15224 

13094 

12878 

Platinum 

• 


( 23026 
} 22625 

20421 

19284 

18118 

17277 

Copper . 

• 


( 25338 

1 25100 

22050 

21873 

19839 
« 18215 

Silver . 

• 


( 28620 

1 28324 

24526 

23266 

- 18705 

18577 

Palladium . 

• 


< 36983 
\ 36481 

32871 

32484 

29212 

27077 

Iron ... 

• 


(209813 

^205405 

201039 

191725 

213305 

210*270 


These atuabers show that the tenacity diminishes for the most part as the tempera- 
tare ristf ; hrdi^^howeyert exhibits an exceptioDi being more tenacious at 200° than 
at 1300° 


to ormhing . — ^The following table is the result of experiments by George 
^t^nie, juh., published in the first part of the JPkUoBophiccd Transactions for 1818. 

Ml*. | 9 und a cubic inch of the following ladies crushed by the following 

Wei^hi : — 


Cruihfng wdght 
in lb«. av. 


Elm . . . 1284 

American pine 1606 

White deal 1628 

English oalc 3860 

A prism of Portland stone, 2 inches long 805 

Ditto statuary marble 3216 

Crm^leith stone 8688 




Cubes of ll inch. 


Clialk . . . 

Brick of a pale red colour * 

!^e-stone, Gioaoestershire . 

Bed brick, mean of two trials 
Yellou^ftoe baked Hammersmifh paviors, thjwe ti: 
Burnt ^t^%ean of two trials . 

Stourbridge, or fire brick 
Derby grit, H red friable sandstone 
Derby grit from another quarry^ / 

Kill^^ white freestone, not 
Portland . .. . v 

Craighleith white freestone , 

Yorkshire parings with the str2^ 

Ditto, against tlM strata 
White statuary marble, not reined 
Bramley-Fall sandstone, near Leeds, 

Ditto, against strata . 

Cornish granite . * - 

Dundee sandstone, or breccia, two kinds 
A two inch cube of Portland 
Craighleith, irith strata. 

Derooshire r^d marble, rariegated 
Cbmpaet limestone . • 

Patarhead ganite, hard close-gi^ed 
, BlgriE compact limestone^ limeiiek 
Porberic • . . . • 

Black Brabant marble « • 


with strata 




Sp.gr. 

2*085 

2*168 


2316 
2-428 
2*423 
2*428 
2*452 
2*50r 
2*507 
1*760 
2*506 « 
2*506 
2*662 
2*650 
2*423 ■ 
2*452 

2*584 

2*598 

2*599 

2*697 


1127 

1265 

1449 

1817 

2254 

3243 

3864 

7070 

9776 

10264 

10284 

12346 

12856 

12856 

23632 

13632 

13632 

14302 

14918 

14918 

15560 

16712 

17354 

18636 

19924 

20610 

20742 
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Crtuhinff weight 

Venr hard firoestoDe 2*528 21*254 

White Itulian reined marble 2*726 21783 

' Aberdeen granite, blue kind 2*626 24660 

Cubes of different metals of J inch were crushed by the following weights : — 

lln. tkw„ 

Cast iron 9773 

Cast coE^ 7318 

Fine yellow brass 10304 

Wrought-copper 6440 

Cast tin 900 

Cast lead 483 


nippers, and broken by the following weights : — 

Ibi ar. 

Cast iron, horizontal 1166 

Ditto, vertical ^121$'> 

Cast steel, proviou.dy tilted , 6301 

Blistorcd steel, reduced by the hummer . • . * * * ' • 9326.i 

Shear steel, ditto .... 7677 

Swedish iron, ditto . . ^ 4606r^ 

English iron, ditto '^3492 - 

Hard gun-metal, inouii of two trials 3276. 

Wrought copper, reduetd by hanitncr ' 2112 

Cast copper , . 1192 

Fine yellow brass 1128 

Cast tin 296* 

Cast lend 114 


On the tenacity and other mechanical properties of cast iron, a I^e numbw of ex- 
periments were made by Stephenson, Fairbairn, and Hodgkinson, in connection with 
the construction of tubular bridges (77ie Britannia and Conmay Tubular' Bfid^ss, by 
Clarke, London, 1860 ; Ann. Min. [4] xx. 427). The experiments op the rtiwistauea 
to direct tension, gave for the absolute tenacity of cust-iron a mean Wue of 10 to II 
kilogrammes for a square millimetre. The retroactive tenacity was./ouDd to bo on 
the average 6*7 times greater than the absolute tenacity. 

The tenacity of yfass has been examined by Fairbuirn and Tate (Proc. Hoy. SoQ. 
X. 6 ). The absolute tenacity determined by direct stretching WW found to be for : 

. *]!ieet:Uy per Iht. 

Flint glass (best ; specific gravity 3*0782) . • . • ,2413 

Qreen glass (specific mvity 2*6284) . . . . . . 2896 

Crown glass (extra white ; specific gravity 2*4604) . • . 2346 

But from experiments on the resistance of glass globes to internal pressures, mu^ 
higher values were found for the absolute tonacitios, viz. for : 

Tsnacltj In Ibi. 

Flint glass . ' . . 4200 

Green glass • ' 4800 

Crown glass 8000 


These results ere regarded by the authonaimoro trustwortliy than the former, be- 
cause the globes were TOtter annealed than the rods used in the first exporimenhk 
Eiq;>eriments on the resistance of glass to crushing were made upon small cylinders 
and cubes crushed b^ween parallel steel surfaces by means of a lever. The cylinders 
were cut from rods drawn to the required diameter while hoi, and then annealecL 
^e cubes were cut from much larger portions, and were probably less thorouglily an- 
nealed. For this reason, experiments on cylinders, which gave nearijt^ce the 
sesisteiiee afihsded by the cubes, are regarded as the more trustworthy. The idSkfW* 
table givea the mesa resalis 
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Resistance of Qlass to Crushing^ 



Mean crushing weight In Ibt. per sq. Inch. 


tor cfllDdert. 

For cubes. 

Flint glass 

27682 

13130 

Green glass ...... 

S1876 

20206 

> Crown glass 

31003 

21762 


OOtFCaXCBZlTB, (Oberlin, Ann. Ch. Phys. p] 1. 108).— An alka- 

loijd pr^ared from colchicine by acidulating the aqueous solution of that body with 
sulphuric or hytfrochloric acid, concentrating the liquid to dryness orer the water- 
bath, then adding water, and crystallising from alcohol the yellow mass which 
sepa^tes. At the same time there is produced, by the action of the acid on the col- 
chicine (perhaps impure), a resin which dissolves in alcohol and in ether, and with 
deep red coloiv in ammdnia or nitric acid. According to Oberlin, colchiceine exists 
ready formed in the seeds of Colckicum auiumnale. 

Colcluceine crystallises in .colourless nacreous laminae or needles, sparingly soluble 
in cold^ore easily in^boiling water, easily soluble in alcohol, wood -spirit, and chloro- 
fbrtn# dt melts at 185'^ O. and becomes coloured at 200^. It dissolves with deep- 
yellow colour in strong nltrie acid; without colour in sulphurie, hydrochloric, and 
acetic acid, It is insombledn alkaUs, a|)pears to unite with baryta, is coloured green 
by ferric ^loride. The alcoholic solution is not precipitated by lead-salts, platinlc 
or xnercuric chloride, n^toita'of silver, or tincture of galls. 

Colchicein^ i^etiiiies at least, a poisonous action when injected into the 

^tomacl^. Oberlin states (Cpinpt. rend. liii. 1202), that 0*1 grm. killed rabbits in 
12h^^^d grm. in if few minutes; but according to another account (Ann. 

P] 1 ll4), even 0*d grm. produced only temporary symptoms. 

^This alkaloid, which is contained in all parts of the Cofchicum 
end probably also in other 8p6cie.s of colchicumy was discovered byPell et ier 
and thftjrentou (Anh^ w I'hjga fe] xiv. 69), who however regarded it as identical with 
jenati&ia It was examift^^ by Geiger and Hesse, who first, in 1833, 

Pharm. tii. 224) recognised its separate identity, and has been more 
recently inyesti^ted .by Hubs ch man n (Arch. Pharm. [31 xcii. 330), Aschoff. 
4)i Bl4(j|i^^<i.48), and others. 

* i*^e' brum of colchicum are macerated with alcohol 

Coniaini]^ ftdph'iil^ acid; the extract is treated with lime; the filtered liquid sa- 
sulphuric acid; and the alcohol expelled by distillation. The concen- 
t^tedv solution is then decomposed with carbonate of potassium; the pre- 
^d^od, and dissolved in absolute alcohol ; the solution is decolorised with 
filtered liquid is evaporated at a gentle heat; and the alkaloid 
thiu;9imned, is purified by repetition of the treatment with alcohol and animal char- 
*W*dHdsse).^ — 2. According to Htibschmann, a larger product is obtained 
bv eaiiiiiisl^R^ the seeds with 3 J pts. alcohol of 90 per cent, ; then distilling off the 
alcohol, pr^pltating the residual liquid with carbonate of potassium ; exhausting the 
dried preri|i»ltatp with ether, and finally with sulphuric acid, to separate resin ; and re- 
pKcipitatii^ with carbonate of potassium. — 3. Aschoff boUs the comminuted seeds 
with yratri*, neutralises the decoction with li ri^w ater ; filters after boilin/^ and evar 
porattf,^ the consistence of an extract; tOpTexliaasts the extract with alcohol, 
^ntimw^the process^ as long as the alcohd^wcquires thereby a bitter taste, 
^^nssidue Im aftw the distillation of the alcohoV is oissolved in water and precipitated 
with tjmnlo acid ; the precipitate is wwhed and pressed, then dissolved in alcohol, 
and digeirted with a sufficient quantity of recently, precipitated ferric hydrate at 
30° C. ; lastly, the filtrate is evaporated, and the residue treated with absolute alcohol, 
which dissolves out the pure col^hdne. — 4. Polex exhauste the bruised seeds with 
a mixtim of 4 pts. eth^ and Ir pt. alcohol, evaporates to dryness, dissolves the 
residue in Water, and purifies the dissolved alk^oi’d with animal warooaL 

Bley Md Asohoffi obtuned from the seeds, as stnaximum, 0*2 per cent, of colchiciiie. * 
Colchicme may likewise be prepared by rimilar processes fretm the flowers, leaves, 
and ^bsof the^ant - 

Colchicine crratallises from its slcoholid^iriiiiion, on addition of water, 
in colouilm prisms and neejles : the alcoholic or e ti jpii Sd solution leaves on ervapo* 
ration, in tiie term of a tranmarent varnish (Oeig;tf)i!>. Acoordmg to other chemists, 
colchicine is always obtainea as an amorphous y^iwi|b white powder. It has a 
persistently bitter taste, not burning like that of vexa^j^ ; it is iuodocmis^ and doesnot, 
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like Teratrine, exdte sneesing. According to Geiger, it hae a raiy fidnt alkalina 
reaction,' reddening rhubarlMumi, and bluing reddened litmue paper. Ajcoording' ta 
Blej, A^hoff, and Hnbechmann, on the contrary, it is perfectly neotrcl. It ia par* 
inanent in tlie air. 

The composition of colchicine has not been satisfactorilv determined. According 
to Bley, it contains 65*0 per cent. G, 7*4 H, and 13*0 N, which he represents by tha 
empirical formula C*'-ff**-^?*0**, althotmh his results agree better with C**/^Jr*0*% 
or C**H**N*0*. Aschoff found 66*2 C, 6*2 H, and 2*8 N, whence he deduces the « 
formula The great difference in the nitrogen determinations, and cer^h 

clifFeiH?nce8 in the properties of the base, as obsen^ed by these ta*o chemists, seaatw> 
show that they must nave been operating, either upon different bases, or on thlKsMi|iMi^ 
in very different degrees of purity. 

Colchicine dissolves with moderate facility in water, according to Hubschiwmni ;ia 
lees than 2 pts. at 22® C. ; this property distinguishes colchicine from vera trine, which is 
insoluble in water. It dbsolves easily in alcohol, less easily in pure ether ; at 20^ C., 
in 18 pta ether of spocife gravity 0*74. Chloroform dissolves it readily, and with- 
draws it for the most part from tho aqueous solution on agitation. 

Colchicine, when strongly heated, melts and decomposes with intumescence (according 
to Bley, it volatilises at 112® C.), Htrong nitric acid colours it deep violet or blue, 
quickly changing to olive-groen and yellow ; strong sulphuric acid colours it yellowish- 
brown, not Violet, thus affording a distinction from veratrii^ ; * Phosphoric aUld and 
hydrochloric acid colour even dilute solutions of colchicme iBifcinctly yellow ; ebromio 
acid colours the solution green. Chlorine-water renders th^ solution turbid, and on 
subsequently adding ammonia, it assumes a yellowish-red coTour. Colchicine is pre- 
cipitated of a kennes-brown colour from its lujucous solution by tincture of iodine; 
yellow by dichlorido of platinum, white by ttinnic acid, precipitate 

being soluble in alcoliol, acetic acid, and alkaline carbonatM. ‘ , 

The statements of different chemists regarding the behaviour oi^;oolchiciue witte 
bases and acids do not agree According to Aschoff^ col^ieine is oonvertSi|.*by,e iy tfe 
alkalis into a brown resinous mass, solulilein water and alcohol ; it unites imp A|i|E|m 
and lime, but docs not decomnose alkaline carljonates. According to Bley, a Mimoili ■ 
of colchicine mixed with carbonate of soda, yields by ^vaporoflon a nOn^ei^t|illiho 
mass, free from carbonic acid (?). ^ ^ V jteii 

According to Geiger, colchicine nouti^Iises acid^oompiSljjjl^MwrB^ 
salts, with rough irritating after-taste; some of tusin, tbo.uulphate for exampliV 
crystallisable and permanent in the air. They are very soluble in water aim in 
alcohol, the aqueous solutions yielding with iodine ami witlt.4fa]jctup0 df 
same reactions as tho pure base; caustic alkalis precipitate- the 'Ibblclllclne froin wda* 
c< 9 ntrated. but not from dilute solutions of the salts Bley and Aiehoff did |if 64 tu eeiyd 
in preparing erystallisable compounds of colchicine with acids.^ The saljli 
and soluble- in water and alcohol, excepting the tannato, which is iusol ubie . 

Physiftlogfical action-. — Colchicine is poisonous, oven small doses oauu^-yi^e&t 
vomiting and purging ; y^th of a grain killed a cat in twelve hours. Tantiii^ 
be a good antidote. In cases of poisoning by colchicine, the alkaloid may 
by treating the stomach and intestines with strong alcohol, evaporating tlwj , ^ , 
and again treating the residue with alcohol, or with alcohol and ctlicr, imd 
evaporating. Colchicine then remains as an amorphous yellowish mass, which ezflibits 
the above-mentioned reactions with raineraj acids, tincture of iodine, and timnie aead 
JLimnmV’AUB* The root and seeds of this plant bM US^ in 
pharmacy ; according to Coindot, however, the flowers are more active tb be 

recommended for preparation of a tincture. v *• 

The flowers, according to Reithner, contain colchicine in combination WltB t WjA , 
acid, also sugar, pectin, gum, flit, wax, and resin. The dried flowers, without 
yield 4*06 per cent, ash (a) ; the dried anthers alone yield 4*16 per cent, asll con- 
taining in 100 parts : 


Potash 
Soda • 


Hsgnesia 


Silicic apid (anhydrous) 
Carbosw ,, . • 

Sulphuric^ „ • 

Phosphoric „ • « 

Cbloraa . • 


a. 

22*3 
3*7 
10*3 4 
1*6 


6 . 

08 

22*6 

6'2 

14-4 

0-6 


fl, tf, 

37*4 40*0 

8*6 6*1 

4*3 2*3 

3-0 6*6 

0*3 trace 

Ferrin oxide . . 0^ 0^ 

The ripe sMda eoUeeted fai2&» eoBt«ii in 100 eccor^ng to Blejr: 0-2 coJ<*U 
CUM, A ^bsoee, and 0 fixed oaTtsiptber with wmb, extnetiTe metter, eeUtdoM. md 
tmeea of veratric acid and 9l0k smd. 

The fresh bulbs eontatii,^m3tlig to the same authonty, 0*2 per cant. omciilelAei 
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0*3 sugar, 0^^ <coIouriDg matter, 20*0 starch, to^th^ with ^llio acid, extractire 
matter, cellulose, &c. Oolman found also 21 per cent starch. The starch ma^ he ex- 
tracted ttom the bulbs by washing with water; after prolonged washing, it is perfectly 
pure and tasteless, (fiandw. d. Chem. iL [3] 153). 

COliCOTBAK VITRXO&lf also called Crocus Martis , — The brown-red oxide of 
iron which remains after the distillation of sulphuric acid from sulphate of iron ; it is 
used as a polishing powder. 

CO&XiBTZTB. A crystallisable hitter principle, obtained from Colletia spinosa 
(order Bhamnaccai)* It forms needles insoluble in cold water and ether, sparingly 
flolttble in boiling watmr, easily in alcohoL It is contained in the alcoholic tincture of 
the plant, which, according to y. Martins, is used in Brazil as a remedy for inter- 
mittent ferer. (Handw.) 

« COXiXiXl>XK'B. — ^An alkaloid found, together with many others, among 

the products of the dry distillation of animal substances and of coal. It was discovered 
by Anderson in 1856 (Phil. Mag. J, [4] ix. 146, 214), who obtained it from bone-oil, 
and was afterwards found by Greville Williams in the bituminous shale of Dor- 
setshire (Chem. Soc. du. J, vii. 97), in coal tar, and in the impure quinoline obtained 
by the d^ distillation of quinine and cinchonine (Chem. Gaz., 1866, p. 308). It is 
isomeric with ethyl-^en^lamine, ethyl-picoline, dimefhyl-phenylamine, and xylidine. 

Preparation, — 1. The portion boiling above 170® C. of the mixture of volatile bases 
obtained from bone - oil (L 626), is mixed with a considerable quantity of strong nitric 
acid, which acts very violently upon it, thereby acquiring a deep red colour, and on 
boiling evolves nitrous acid fumes and an odour of bitter almond. The part boiling 
at 182® C. must be well cooled while being mixed with the nitric acid, to prevent ex- 
plosion. The acid solution, when mixed with water, becomes turbid, from the separation 
of a reddish-yellow oil, which seems to bo impure nitro-benzeue ; the acid solution is 
filtered through moist paper, and the filta*ate is boiled for some time to expel the last 
traces of the neutral oils, then saturated with potash and distilled. The oil which 
passes over with the water is repeatedly rectified, and the portion boiling between 
178® and 180° is collected. The part of the mixture of bases boiling above 170° con- 
tains a considerable quantity of phenylamine, which cannot be removed, either by 
repeated rectification or by ree^s&Uisation of the oxalate ; by the action of nitric acid 
it is destroyed, whilst the alkalis homologous with collidine remain undecomposed. — 
The pfcrt boiling between 172® — 180®, when treated in this manner, yields, by distilla- 
tion with potash, an oil which begins to boil at 160°, and is composed for the most 
part of lutidine; while the portion boiling above 180° yields an oil, the greater part of 
which goes ovot at 179°, and when rectified yields pure collidine. (Anderson.) — 
2. When the mixtiure of chinoline with other bases, which is obtained by the dis- 
tillation of cinchonine with potash, is subjected to oft-repeated fractional distillation, 
the portion boiling between 177° and 182° C. yields, with solution of platinum, chloro- 
platinate of collidine.^ This salt may also be obtained from the fraction boiling be- 
tween 182° and 187°, if another base mixed with it has previously been destroyed by 
means of nitric acid. (Gr, Williams.) 

3. Gr. Williams mixes the naphtha obtained by the distillation of thebituminous 
shale of Dorsetshire with sulphuric acid; boils with water until all the tar is con- 
verted info resin, and all the pyrrol is removed; concentrates the liquid; neutralises 
with lime or potash, and distils ; supersaturates the distillate with hydrochloric acid ; 
removes the non-basic oil ; then snpersatMites the acid liquid with lime or potash, 
and distils. ^ The distillate is freed firoi ^^ mmoDia by washing; with strong potash, 
dried by solid hydrate of potash, and frsictionalJy distilled until liquids of constant 
boiling points are bbtoined. The small portion which passes over between 132° and 
138^ C. 18 lutidine mixed with a little picoline (from the mother-liquor of the chloro- 
platinate of lutidine, the double salt of picoline is obtained) ; the portion obtained 
between 149° and 165°, and between 177° and 182® is pure lutidine; and that which 
paM68 over between 227® and 268° is collidine. — 4, mixture of volatile bases ob- 

tain^ in like manner from coal-tar oil is treated, as in Anderson’s process, with 
nitric acid, and subjected to repeated fractional distillation. • The -portion which distils 
between 169® and 166° C. is lutidine, and afterwards a small quantity of collidine 
passei^rer. (Gn Williams.) . . 

iVoj^fiiisi^—CoIlidme is a eolonrleas, oily liquid, havitm a strongly aromatic, not 
unpleasant odour. Specific gravi^, 0-921 ; boiling point, 17^ C. It forms white fiunea 
when a glass rod moistened with hydrochlorie acid is hdd over it. It is insoluble in 
water ^ but takes up a small quantity of that liquid, whidt it gives up agaw to hydrate 
bf potasrium. It dissolves readily in aleokoi, othety and both fixed and vdatilei 
^ OoUidine dissolves readily in oenfr, hut does not neutralise them: It does not pre* 
vipitaterthe salts of barium, ddeium, magnesium, manganese, 61* nickel, biit throws down 
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alnmina. chromie oxido» oxide of xine, fezrio oxide, and mercurona oxide ftom their 



omn^^yellow flnkee. (Anderson.) 

Etkyl-ifollidine, C»*H«N = C»H«(C«H*)N.— The hydriodate of this base la 
obtained as an oily liquid by heating collidine to 100^ 0. with iodide of ethyl. On 
decomposing it with nitrate of silver, removing the excess of silver by hyilroohlorio 
acid, and mixing the filtered liquid with tetrachloride of platinum, the chloroplatinaU 
2(C**H’*N.HCl).PtCl* is obtained, as a finely-divided, crystalline, sparingly soluble 
precipitate (Anderson, Phil. Mag. [4] ix. 221), 

co&umo AOnt. C3*H‘0* - (Prohde [i860], X pr.Cliom.lxx*. 

344).— An acid belong to the aromatic scries found among tlie products of 

the oxidation of the albuminoidal substances, and of gelatin. To obtain it^ the mixtui^ 
of acids produced by oxidising gelatin with chi*omie acid is saturated with carlxmute 
of sodium, and evaporated to drive off the neutral volatile bodies ; the nearly dry salts 
are decomTOsed by sulphuric acid; and tlio solid acid thereby HLqianited is filtered and 
washed. If the residue be then treated with u small quantity of boiling water, tiio 
greater part of the colliuic acid remains in fused reddish masses (about 0’06 grni. 
collinic acid from 1 kUogrm. gelatin), while the otlier acids, especially the benzoic acid, 
dissolve completely, together with a small portion of the collinic acid. By recrystal- 
lisation from water, it may be obtained in small crystals haring a prismatic aspect. 

Collinic acid has a soar, pungent taste ; dissolves sparingly in boiling water, easily 
in ether. When heated with water, it melts at 97^ C, and then soliilifios at 93® or 
94*^ ; in the dry state, it does not melt till lieatod somewhat aliove 100®. On cooling, 
is solidifies to a waxy mass generally having a radiate t<^xtiure. At a higher teni- 

E srature, it eubliiuos. Wlien sot on fire, it bums with a bright but smoky flame. 

oiled with carbonate of sodium, it yields humo'id llukus. Heated with hydrate o| 
potassium, it decomposes, but does not appear to yield any volatile acids. 

Collinic acid is a strong acid, dissolving in caustic alkalis, and decomposing car- 
bonates. It forms both neutral and basic salts. The silver-salts decompose with 
facility. 

A solution of eoUmaie qf ammonium gives off ammonia and becomes acid on boiling; 
acid vapours, however, escape at the same time. The barium aaH, 4 aq., 

is crystalline, easily soluble in water, gives off water of crystal! isatioti when heated, 
melts and blackens at a higher temperature. The ftrric salt is a light, yoUowish-red 
precipitate, which dissolves with blood-red colour on addition of a small quantity of 
aci<L The neutral silver^^alt, C*H*AgO* is obtained in crystal Hue scales by precipi- 
tating the ammonium-salt with nitrate of silver, dissolving the jirecipitate in water, 
and evaporating over oil of vitriol. The mother liquor when evaporated gives off acid 
and yimds grey granules of a basic salt, Ag'^O. 2C**il*AgO'‘ ; by continued beating of 
the solution, the silver-salt is reduced* 

An acid isomeric, if not identical with collinic acid, is produi*»*d by oxidising cot- 
tar naphtha with dilute nitric acid (De La Hue and Miiller, Cliem. Soc. Qu. J, xir. 
64), or sulpho-benzolic acid with chromic acid, (Cli urch, ibid, 63.) 

OO&UOTXC JLlLlimsrsmMm Hydride of collyl . — This compound occurs, accord- 
ing to Frdhde (J. pr. Chcra. Ixxx. 326), among the neutral volatile products of the 
oudation of the albumoids, and of gelatin ; it appears to have btum previously noticed 
by 8chlieper and Guckelberger. It is probably C*II®0 (isomeric with phenic acid). It 
has not yet, however, been obtained pure, especially not free from hydride of benzoyL 
It is a colourless viscid oil, smelling somewhat like oil of cinnamon, and turning yellow 
from oxidation when exposed to toe air. By prolonged boiling^ potash-ley, it is 
oonvfurted into collinic acid. By continued contact with ammonia, it is converts into 
ja white dyat^Jine substance, probably the homolog^ue of hydrobenzamide. 

■ According to Schlieper (Ann. Ch. Pharm, lix. 22), this oil having the odour od 
cinnamon is convdted by the action of dry chlorine, with elimination of hydrochloric 
acid, into a white substance which is insoluble in ether, and when heated with potash- 
ley ibems a blood-zed volatile ; the potassium-salt, on addition of an acid, emits 
the odour of phenic acid. .. 

OOUbOnXOV (from asAAw^r, glutinous). A solution of pyroxylin (gan*l^n) 
in ether. The solubility Hf this substance in ether, varies considerably according to 
thn mode of. its preparation; the most ej^losive kinds are by no means the most 
eoldlile (see Ptuoxtmw). The best mode of obtaining pyroxylin for the preparation 
of eoBotUoii, u to mix 16 pts. of nitrate of potassium with 12 pts. of common and 
of Amiing oil of vitriol ; immerse in this niixtnre, as soon as it is made, 1 pt. of 
stir it a^mt Ibr five minutes, and then t«h it well with water. 
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To {.repare collodion, pyroi^lin obtained in the manner juat described is shaken up 
with 16 pts. ether, in a bottle which can be ^osed. 1 or 2 pts. of absolute alcohol are 
added after a while, and the vessel shaken at mtervals, till the solution is complete. 
Laasai^e pours 26 pts. of ether on 1 pt. of pyroxylin, and miists the resulting 
jelly with 18 pts. more of ether. According to other methods, 1 pt. of pyroxylin is 
treated with from 20 to 120 pts. of ether, and from 4 to 16 pts, of ^cohoL The solu- 
tion obtained by either of these methods is left to stand till the undissolved parts 
have settled down. 

Pyroxylin is said also to be rendered perfectly soluble in ether by moistening it 
with acetone. 

Collodion is 'a clear colourless gumm;^ liquid, insoluble in w&ter and alcohol, but 
soluble in ether; when exposed to the air, it soon dries up, leaving a transparent or 
translucent residue, which becomes strongly electric by friction, explodes less easily 
by heat, pressure, or percussion than fiocculent pyroxylin, and is soluble in ether con- 
taining alcohol and in strong acetic acid. 

When the etliereal solution is suffered to evaporate in a thin film, it dries up quickly 
to a thin transparent membrane, which possesses great adhesiveness, is tolerably im- 
pervious to air, and is not dissolved either by water or by alcohol. These properties 
render collodion very useful for a variety of purposes. It is employed with great 
advantage in surgery to foiin an air-tight covering for wounds and bums; when 
spread over an incis^ wound, it greatly promotes the healing by drawing the edges 
of the wound together; the film of collodion infracting strongly as the ether evapo- 
rates. As the collodion film is rather solid, and has but little elasticity, it has been 
recommended to melt 2 grms. of Venice turpentine with 2 grms. castor oil and 2 grms. 
of white wax, mix the fused mass with 6 grms. of ether, and add the whole to 
140 grms. of collodion. 

Collodion is also used as an envelope for caustic substances, in order to confine their 
action exactly to the desired spot. Pills may be coated with it, so as to render them 
tasteless, ana wood, paper, and other fabrics may be rendered water-proof by being 
covered with it. 

Collodion is also largely tised in photography. A thin layer of the solution, mixed 
with Iodide, bromide, or chloride of potassium, or ammonium, is spread uniformly over 
a glass plate, then treated with a solution of nitrate of silver to form the Bensitive 
film. It appears to be essential to use anhydro,i|^i ether and alcohol for the solvent, in 
order to insure uniform evaporation, ' ‘ ^ 

Another application of collodion is for nuddnfr balloons,. For this purpose, a 
solution of collodion, not too thick, is poured into a ftask of suitable dimensions, which 
is turned about to sproad the liquid nniformly over it, and then inverted to allow the 
excess to run out. The ether is now evaporated from the film of liquid which adheres 
to the glass, by blowing into the flask with a pair of bellows, whereby the collodion is 
left in the form of a thin membrane on the surface of the glass. To remove the 
edges of the film are loosened from the glass, a glass tube of snitable character is in- 
serted into the neck of the flask, so that the balloon may adhere to it, and the air is 
slowly drawn out with the mouth ; the balloon then detaches itself from the vessel, 
contracts, and is easily withdrawn through the neck. It must be immediately blown 
out and tied at the nock, so that it may in the distended state. Small and thin 
balloons do not diminish much in volume as they dry ; but larger ones contract strongly : 
this contraction may, however, be prevented by drying the balloon in warm air. Collo- 
dion balloons may be made much lighter those of gold-beater^s skin, so that mnch 
smaller ones will rise in the air when fiaH with detonating gas (2 voL H and 1 vol. 
O). They may be made so thin thaf^E^aUoon containing 100 cubic centimetres 
shall weigh only 0*03 grms. when empty, Itnd 0*04 when filled with hydrogen ; now the 
weight of an e^ual volume of air is 0*13 grms., consequently such a ball(»n will rise 
rapidly in the air. Hydrogen dififhses quickly through their pores. Collodion balloons 
heisome strongly electric by slight friction ; when very thin, they exhibit beautiiiil 
interference-colours. (Handw. d. Chem. ii [2] 168). 
ooun, wnmxnm OV. See Colldtic AussHms. 

OOXilinumk A hydrated inlieate of aluminium, 2Al*O*.Si0*'i- lOaq., fbund at 
Esquerra in the Pyrenees, near Sebenmits in Hungary, and near Wefsenfels inSaxoi^. 
It is white, very soft, earthy, unctuous to the tou<^ adheres strongly to the tongue. In 
water it beeomes^ transparent and enunbles tq pieces: it dissolves in acids and the 
solution yields a jdly by evaporation (Gm. iiL 411.) 

CO&OCnmmr* A bitter substance contained in the mth or fmlp of tba fruit 
of Citeumu ceioejfntJUs (bitte apple), aplaat growing wild in the Greoan Apah^j!jfla«\ 
also in Egypt, and other pMte of Nom-eaetem Africa. It haa been by 

VauqueUn (J. Phys, lx»v. 338), Braconnot (J. Pham. x. 416), nNurbsS^r 
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low 


368), Bastick (Phann. J. Twrna* x, 289), and kitly by 
Wala (iboh^PhaniL xeri, 241 ; xeix. 888), who regaids it as a glucoaide « 

It is prepared from the pulp of the fruit separated from the see^. Vavquolin ex- 
hausted the pulp with cold water, and evaporated the extract, the colocyiithin then 
separa ting in oiyr drops, which solidified on cooling. Lebourdais (dnn. Ch. Phys. 
^3] xxtT. 68) precipitates the aqueous extri^t with neutral acetate of lead, and treats 
the filtered liquid with animal charcoal, which takes up both the colouring matter and 
the^ bitter principle. ^ The charroal ia then washed wiui water. As long as the liquid 
which rnns through it squires a bitter taste, nothing but pure eolocynthiii ia dissolved ; 
and on again precipitating it with animal charcoal, boiling the clmrcoal with alcohol, 
and leaving the solution to evaporate, the coloeyntliin s«|iaratos in small warty 
groups. ^ Wals exhausts the fruit with alcohol of O'SiO ; evaporates ; dissolves the 
extract in water ; precipitates the filtrate with neutral and with l>aBio acetate of lead ; 
removes the lead from the filtered liquid by sulphuretted hydrogen ; and precipitates 
the colocynthin by tannic acid. The precipitate, which becouios nutinous on heating 
the liquid, is dissolved in alcohol ; tiie tannic ucid is precipitated with basic acetate of 
lead ; the filtrate, freed from lend, is heated with animal charcoal ; thst liquid is 
again filtered and evaporated ; and the dry residue exhausted with ether, which leaves 
the colocynthin undissolvod. 

Colocynthin is intensely bitter, and acts ns a drastic purgative. It is soluble in 
water, alcohol, and ether. The aqueous solution is precipitated by cliloriuo ; it also 
j^elda, with acids and with deliquescent ^alts, a viscous precipitate insoluble iu water. 
The solution is al^o precipitated by acqtate of loud and inany other metallic salts. 

Colocynthin boiled with acids is resolved, according to Walz, into sugar (7*7 per 
centb) and colocynthein, which remains as a resinous mass, and may be 

purifi^ed by washing with water, solution iu absolute ether, and evat)oration. 

ob&OCni T JUTXll’* A body contained, according to Wals (N. Jahrb. Pharm. 
ix. 226), in the alcoholic extract of bitter apple (see Cucumis). When this extract is 
treated with water, colocynthitin remains uudissolvcd ; and on treating this residus 
with ether, digesting the solution with animal charcoal, ovaporatiiig the filtrate*, 
exhausting with hot absolute alcohol, and leaving the filt«‘red liquid to cool, oolo- 
cynthitin sapmtes m white microscopic ciystaJs. It is soluble in ether. 

OOlM^MmSO JICI2XK An acid obtained by Bodeeker (Ann. Ch. Pharm. Ixix. 
47), from colombo-root, the rcK»t of MtmispLrhiumpalmalKm^ L., Vocculvspalmaiint Dec. 
To pri^aM it« the alcoholic extni^’^ the root is exhausted with water or lime-water, 
and, the Mention troated wi^ faycooehloric acid. Colombic acid is then nrecipitated in 
white amctphous flakes, which are strongly acid, nearly insoluble in cold water, vciy 
soluble in alcohol, sparingly soluble in colu ether. Ry the evaporation of its alcoholic 
solution, it is obtained in the form of a yellow varnish. 

The slc*>bolic solution of colombic acid is not precipitated by acetate of copper, but 
yields with neutral acetate of lead a rouious white precipitate, which, when dried at 
130^0. contains 30*63 per cent, lead oxide, agreeing nearly with the formula 
3Pb0.2C”H«0**. Dried at 1009C., it contains in addition 

The acid itself^ dried at 116® C., gavo by analysis 66 64 per cent. C, and 6*20 H, 
agreeing nearly with the formula C*‘5P®0** or 

‘ OOMKBZW. Oahm^fo BitUr. (Wittstock ll^^SO], Pogg. Ann. 

xix. 298. — Liebig, xxi. 30, — Bodeeker, Aon. Ch. Pharm. Ixix. 39,1 — A neutral 

substance which constitutes the active principle of Colombo root. BodccKcr prepares 
it by exhausting the root with alcohol of 76 per cent., drying the extract m eompictely 
as possible, dissolving it. in water, agitating the solution scvctuI times with an equm 
volume of ether, decanting the ethereal liquid with a siphon, filtcAng, and evaporating 
off the greater part of the ether. The eoiombin then crystallises out, and is purified 
by rinsing it wrth cold ether, pressing it between bibulous paper, dissolving it in boil- 
ing absolute ether, and ooneentmting the solution to one-fourth of ito bulk. The 



dissolve in aeetic acid without separation of oitr5frop** ^ 

Cidoml^ cpyitaliues in rolourless prisnu ^ I**® tnmetric system. Ob- 
served eombiiui&n, oo P , ®P os . os P oo . e». Uliclinstions o^he P J asP*- 

osP:ooP» w. l62«46'j ooP: or P<»-.117® 16'; P » - 176® IIT; 
PssrssPcp 39^6'; e»P:Fop =» 119® 31'. The faces idiS brilliant, but t^ 

do not rienm in any dtroction (O. Bose, Pogg. Ann. xix. 441). Colombia 
is IMillfirnwi, vny bitter, and p^ectiy neutral to vegetable colonn. ItnteUs at a- 

It disodves bat epsrinidX 

t bBter taste. Boilbig ideofaoJ of spedfie gravity 0*636 distolves from 


■ a 



11)86 CdLOMBO BOOT— COt^OPHILENE. 

to ^ of' i^B Weight of colombin. It dissolves to a small amount in woti^e oils, and 
^more fteely in potash, whence it is precipitated by acids in its oi^nal itato. Acetic 
acid dissolves it and deposits it in the crystalline state on evaporation. Strong sul- 
phuric acid dissolves it with orange colour, gradually changing to deep red, and on 
lidding water to the solution, browU flakes are deposited. Solutions of colombin are 
not precipitated by any metallic salts or by tincture of galls. 

Colombin yields, according to the mean of Bodecker^s analyses, 65*220 per cent. C and 
6*98 H, the above formula ^Hiring 65*3 C, 6*7 H, and 29'0 O. It does not form any 
definite compound, so that its atomic weight cannot be determined. 

CO&OMBO BOOT. The root of Coccvlus palmatus^ Dec., contains colombin, 
berberinel'Ccdombic acid (probably as colombate of berberine), besides starch, coloiar- 
iug matter, &c* The Colombic acid and berberine may perhaps Ke formed ^m co- 
lombin by addition of the elements of ammonia (Bo decker) : 

4C*>H“0» + 2NH» « 2C«H**NO» + C«H«0» + 5H»0. 

Colombia. Borberioe. Colombic 

ackd^ 

The root jfiCs with violence on the animal organism ; a grain of the diy extract pre- 
’pared with ether and fteed by water from fat and wax, killed a rabbit when inti^ 
duced iht<> A wound* This active proper^ appears to be due to the colombin. 
(Buchner.) 

COXM>PBAlfl^ A constituent of icica resin (?. t;.), containing, according to 
Scribe (Compt. rfttid. xix. 129), It is yellow, amorphous, easily soluble in 

alcohol, melts above 100^ C., is insoluble in aqikeous alkaiHs, and reahts neutral. 

CO&OPBBBTB. or Devi lie, Ann. Ch. Phys. [2] Ixxv. 66; 

[3] xxvii. 85.) — A hydrocarbon pc^pneriewith oil of turpentine, obtained by distilling 
that oil with atrrnig sulphuric aewa, or by distilling hydrate of turpentine-oil with 
phosphoric anhydride. In either cas<v tcrebene (C**fl‘*) passes overflkit; afterwards, 
when the heat rises above 210^ C. colophene distils; it is purified from sulphur and a 
substance resembling colophony by repeated rectification, at last over antimonide of 
potassium. It may also be obtained by the rapid distillation of colc^hony, the 
product being purified in like manner. --r • 

Colophene ' an aromatic oil, colouHm by transmitted light, and exhibiting by 
reflected Hghtiili dark indigo-blue iridescence. Specific gravity; 0*940 at 9®C., 0*9394 
at 25^. Boilnig point between 310° and 31 5°,^« Vapour-density 11*13 (probably 
only twice as great as that of oil of ^^uipeniiiie, fherefore « 9*526). Befracting 
power 3=; 1*517 (Becquerel and Cahours), 1*5212 (Deville). It has no action on 
polarised light. 

Colophene absorbs chlorine ^as without evolution of hydrochloric acid, becoming 
hot, and changing to a resin like colophony, which separates in yellow spherules from 
its solution in absolute alcohol If, when the absorption of chlorine has ceased, the 
product be heated to ftision in the stream of chlorine, a laigo quantify of hydro- 
chloric acid is evolved, and Deville^s eMorocolophene * C**H*^C1* is formed, which how- 
ever still contains a resin removable by alcohol and when distilled, givee offhydro- 
cliloric acid, yields a distillato of colophene and bydrochlorate of colophene, and leaves 
charcoal. 

Hydrochlorate, of Colophene , — Colophene absorbs hydrochloric acid gas, with rise of 
temperature, and acquives an indig<^coloar. The hvdrocblorate gives up nearly all 
its hydrochloric acid when treated w]|fi cludlc, and when distilled with baryta, yields 
DeviUc’s colophilene « C*»H**, which d^.not exhibit the dichroism of colophene, 
and has a refracting power for lights 1*54 b. (Devillf% Becquerel fuid Cahours^ 
Pogg. Ann. U. 427-433.) ^ - 

Colophene from Camphor, (Cla#B, J. pr.^hem. xxv. 266.— When camphor is 
distilled with an equal weight of Mine, hydriodie add is evolved, camphin passes over 
at 180° C., and charcoal, i<3ine, camp)l^reosote and colophene remain behind (i 728). 
On increasing the heat, the two lamjr: eubstances distil over as a bluish-green oO^ 
which is deprived of its creosote odnv* by agitation with potash, bnt^ ^ 

tained quite pure, even by distillatioiMsver lime and finally over potassinm. 

^ It is a thick, yeUowisb oU, iiideeoence, having a bigb boiling [^int, a 

mild taste, and an odour of wioletid|^BindDg with a bright fitligiiKM It is 

perhaps identical coloph«ie tu^ntine or from colophony. 

It is not solubiyllRiiafrr or in vrsw sbsAo/, but dissolves in efArr, oUo/itirpenHns, 
roek-oil, and'cvmpSwSa When 2 drops of H are dissolved in 2 drachms of dkiohol 
the sdution, afte^Mtation with aiumal duuseoa(|ii^^ a line dark bine edpnr 
*Vy reflected light ^ ^ ^ 

OOMMnUUiiiL Ihe faydroosxhm 4^0** Mainnd. from DevStA hsiim 
diloratadf oolflslieim 
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^ UnTerdorlMn ; y-retin of Colopkong of Bmelim Tli« 
■ wopnony which is least soluble in alcohol, and is produced by tli^ 
I of h«# on pinic acid. It is therefore present in ccdophony in Yariable quantity^ 
ing as that substance has been more or less heated during fhsiou; the darker 
les cout^ about one-tenth. Colopholic acid is said to be likewise produced 
. i fdnie add is distilled till a third of it has passed orer. 

Colopholic add is brown, sparingly soluble in alcohol of 67 per cent, more readily 
1 presence of pinic acid. It has a stronger affinity for bases than pinic acid; nere^ 
kdess the colopholates exactly resemble the piua^s. 

CO&OVSOWZO ikCXUBa The resinous acids, pinic, pimaric, aylvic Mid colo* 
^holic, which are present in colophony. 

OOX4>P®OJI'lTBU A Tnriety of garnet, so called from its brown colour, nesiuoiUi 
l^ustre, and eaay AisibUity. (See Gabnbt.) 

COlaOBSOWOlf & C**H**0,(Schiel, Ann. Ch.Pharra, cxv. 96). — ^An oil occurring 
[among the mojre Tolatile products of the diy distillation of colophony ; it is separated 
[by fractional diotillatiou. It is colourless, mobile, liighly refractive, of Bpeoy|tf gravity 
0*84, boils at 97® C.; vapour-density about 6*1. When heated aboVe its bofflBg point 
in a dose vessel, it turns brown, and emita an odour of peppermint. It mixM with 
sulphuric aciA and on addition of water, a green oil separates, Imviug aa '^k)ur of 
thyme and rosemary. Hydrochloric acid acts in like manner ; nitrle acid oonvertq 't 
into a rosin. With potassium, it gives off gas, and is converted a brown mass, 
eubsequently turning yellow. ^ 

COliOBHOSTY. ifosm, Colopkonium^ Arcnnson^ Brai see, Geigsnharr, 

— The resinous substance which remains wheii turpentine or pine-resin is heated till 
the water and volatile oil are expelled. It is for tne most part a mixture of sevend 
resinous acids, viz., pinic acid (the a-resin of Benelins), which forms the principal 
part, sylvie acid (^-resin), and colopholic acid (y-resin), sometimes also pimario amd. 
These acids, which are mixed in various proportions, are all isomeric, their common 
formula bei^ C*1I**0* or They are perhaps formed by oxidation of tur- 

pentine oil: 

2C*«H** + O* + H*0. 

Colophony is either pale yellow and transparent (Cl Mum) or browallk-yeUow and 
translucent (C. commune), accosAuB^o the degree of heat to which itl^ been ex- 
posed By distillation with steam under a pfscssuro of alwut ten atmospheres, it may 
be obtained very nearly colourless {Hunt and Packings PaUnt, 1868, No. 926). it 
has a vitreous lustre, is brittle in the cold, has a conchoidal fracture, and vieUls a 
yellowish powder. Its specific gravity varies from 1*07 to 1*08. It is insoluble in 
water, but dissolves easily in alcohol, ether, wood-spirib and oils both fixed ami 
volatile. Kock-oil dissolves only a portion of it; the undissolved part is said to bo 
identical with pinic acid altered by the action of the air. Nitricf acid dissolves and 
decomposes it at the same time. 

Colophony, being a mixture of acids, unites with buses. The compounds which it 
forms with the alkalis are soaps soluble in water. It is easily sa{)OuiUed either by 
eaustie alkalis or by their carbonates. 

Colophony softens at 69® or 70® C. and melts at 136^. At a higher iemperattpa 
it gives off volatile oils, acquiring a darker^ 4 !oIour, and '^yields colophouo mCA 
When quickly heated in a retorts. It distils partly undecomposed, partly resolved into 
gases, volatile oils, viz, Heville^s terebene and co]<mhene, and perhaps other l^dro- 
carbons, finely yielding viscid oils, with a small resiwe of carbonaceous matter. vHieu 
the distillation Ts performed on the lipe Male in east iron retorts, the gases evolved in 
the first half of the distillation oonfiin, besides the constituents bf the air, 16 ner 
cent, carbonic anhydride, 11 '6 carbonic oxide, 6 '9 etkpleno and tetiylene ; at a higher 
temperatnte, the oxygen disappears, the proportipn of carbonic anhydride increases, 
gad laa^ a sTiaaJl quantity of marsh-gas is The tot portion of the liquid 

distillate w a yellow, molw, strong-smeUiDg llqpvl, known in commerce as esstnes q/f 
ronn (wKAissnoSf H<»eeaicnz ) ; it yields by fia^iionsl distillation^ firrt colophonoae 
(f- v.l- and aflMwarda an optically ififiififer^^&apphenc (i 724), boiling at 
having other properties of otl^||^^^BMstiae, and pexhaps lucDtical will\ 

Dm^IrirtMeiKe. At a Utes atage of thi^HHIatillation^ a '^td fluoreacent oil 
.|smtoovM^SirosinH^, 0 r pa^ne^il, wlKS^ fieing quick-lime, 

oortespoada mcomppiittos^^ ^ fitmula C^H^. After rectificiiphjit nolon^ ex- 
hibits fliloiTefeBintfi, astd if igaii^||jipdeAwlth lime, gives the ibrmtiki^O**BP*0 (oehiel, 
AttiLxGhuPliaxime^^ 96). 'AtaUfihM "oobrfiony yicldsa mixture of gases burning 
jtMs a veiy bright flame, which it bHjjfea iftempt^ though without nmeU success, 
^ use as an fljlumiiiatiippts. ^ 
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polci^diy is extensively used in making varnish^ and eementa, in k WHP ntLking of 
il|l^ in the preparation of plasters and ointments, and as a redueho^^Mii in the 
solaering of metals. Large qnantities are consumed in the manii%ipPS» of jellov 
*toap. A well known nse of it is for covering the bows of violins, to proVent the ho\t 
fsom slipping over the strings without producing vibration. Of the products obtained 
bjr thediy distillation of colo]>hon 7 , the more volatile oil is used in pl^ (^turpentine 
oil, more viscid rosin-oil for soap-making, and for lubricating cartwheels, &c. 
(Handw. A Chem. i [3] 160.) 

C01i03UllcaTBa« An instrument for measuring the depth of colour in a liquid 
by comparison with a standard liquid of the same tint. The comparison is made 
either by^ffciying the depth of the stratum of li<]uid under examination till it exhibits 
the f^nmintensity of colour as the normal liquid, and then measuring the depth of 
the Btiliplm, — or by diluting the stronger-coloured liqnidvrith water, tifi equal columns 
of the twQMexhibit ihe same depth of colour. 

^ 003W^9UCXr« A colourii^ matter obtained by Bobiquet and Colin £om madder, 
rince shs^ to be impure alizarin. 

OOia wlTO II M, The milk of mammalia secreted in the first few days after partn- 
rition, J^ore the access of milk-fever. It is disting^iiished from ordinaiy milk by con- 
taining a larger amount of solid q(^^^ents, also a larger proportion of mt; casein, and 
«ulk-sugar. (See Mmc.) . ' 

tMI&Orau (8e^. Light). — A table of oil painters’ colours, with notices of their 
chemical and artistical qualities, drawn up by W. Linton, is given in Ure'8 Dictianarv 
ef ArUf Afani^acttires, and Mines^ voh j. p. 803 ; see also Chimie des Couleurs pour 
ia Petnture d FEau et d VHuUe^ par. J. Lefort. 12mo. Paris, 1866. 

COXiOnucxrcl SCATTUUI* This term is usually restricted to coloured com- 
pounds of vegetable or animal origth, sometimes more especially 1^ >pch as exist 
ready formed in the bodies of plaifts and animals, or are easily formed mirn them by 
natural processes, such as oxidation qr fermentation. Accordingly, it would be applied 
to such bodies as indigo, Indian yellow, and carmine, rather than to compounds like 
an i line-purple or murexide, which are formed by complicated artificial processes. This 
restriction of the term must not, however, be regarded as absolute, since many artificial 
organic coloured compounds resemble the natural colouring matters in their most 
eivtcnti il properties, especially in those which render them available as dyes. 

Colouring matters occur in all the organs of plants and animals. Many are obtained 
from roots, as alkanet, turmeric, madder, &c, ; from the stems, as from sandal-wood, 
log-wood, Braril-wo^ &c. : leaves, flowers, fruits, and seeds are also rich in colouring 
matters. Of some insects, as the cochineal-insect, the entire substance is used as a 
dye; certain liquids of the animal organism, as the blood and bile, are also strongly 
coloureA Colouring matters rarely exist either in plants or animals in the separste 
state ; indeed their separation is often a matter of considerable difficulty. Many do not 
exist ready formed in plants, but are produced from originally colourless compounds 
by oxidation or fermentation ; in some instances, also, by the action of oxygen in pre- 
sence of alkalia. 

Colouring matters are for the most part either red, yellow, dr blue, the last being 
the least numerous. Only one green colouring matter occurs in nature, namely, the 
chlorophyll of leaves. ^ 

Colouring matters hum generally a saccharine and somewhat harsh taste ; they are 
inodorous, some of them, as indigoti^ And alizarin, crystallise readily; others are of a 
resinous character. Maiw are vol alHfe as alizarin ; but they must always be distilled 
with caution, as a heat of 160^ C. sufficient to decompose tbom. 

All colouring matters are affi^gBy light, AuMtty absorbing oxygen under Its in- 
foenoe, and becoming more or IgHraeooloris^. The green colour of chlorophyll on 
contrair re^uirea the presem ^ lip;ht for its development. 

Many colooring matters are |m water, others only in alcohol, ether, or vola- 


tile cilsj in some 
colonri% vnetter i 
aluMiriii, purpurmi; 


I tint of eol 
ptetely destroyed, 
Etmua to blue, 


, the preB«s<mm ^ facilitates the solution, aitl 
i:^ictually ponStss basic properties, c. ff. hssmatosiit, j 

the eonikniy, as caithamin and saotalin, dissc^ rc^ly 



Bed in various degrees, and;||metimes com- 
The alkalia turn naturuly red eoloor of 
^ ^ file colours to men, and ^e yellow of rhubarb or 

turmeijp to bn>w^ ,The alkaline compounds oC silinriii are of a rich violet; eokmr, 
though aliaarin itBlf fti reddish yellow. All emgHjiitg matters are deeompbeed hj 
concentramd alkalia. " ^ ^ '' 

Jfiuiy metallic oai^Lei, c. alumina and-oxide of tin, fom eheaskat c o m poupda with 
eehmrj^milMiih St^componnda axe called lakea. Man aatto also^ espeeiaUy thoais 



COLUMBITE^ COMBUSTION. 

of olunuyMilHbM. ood tin, net upon colooring mattora to aa to form oompoaada bjr 
meiuis of coloiuuig matter ia fixed upon oiganio tissues ; sueh mihntnnoofli 

are called ippa an ta. 

Poioiii especially animal chaTcoal, absozl) colouring matters without 

deoomMmg them ; thus, if an infusion of logwood be decolorised by filtration 
thioogn animal charcoal^ the colouring matter may be recovered by treating the ohar* 
coal with a weak alkaline ley. 

All organic colouring matters are destroyed by chlorine in presence of water, the 
action consisting, in most cases, of a direct oxidation of the colouring matter, by 
oxygen set firee by the decomposition of water. Sometimes, however, the ahlA rma 
takes hydr^en from the colouring matter itself and partly replaces it. 

03 tygea in the nascent state likewise acts as a decolorising agent, wheu^^Urived 
from other sources ; thus, peronide of hydrogen quickly destroys the colour ei^^ania 
bodies, and indigjo is bleached by nitrous acid. v 

Sulj^juxMiS acid decomposes and bl^hes many colouring matters, sometimes by 
abstracting oxygen, sometimes by uniting with tho colouring matter and forming a 
colourless compound. It is a valuable bleaching agent in many cases, especially for 
silk and wool, because it destroys the colouring matter without acting on tlie tissue, 
whereas chloi^e wo^d act very injuriously upon it. Fruit stains are easily reinoved 
from linen by washing with a weak solution of^^sul^urous acid, or by holding the 
moistened cloth ever burning sulphur ; care must be taken, however, to wash it well 
afterwards, or the sulphuric acid produced in the reaction will destioy tho fibre. 

Many r^ueing agents, sueli us nascent hydrogen, sulphydrio acid, alkaline, sul- 
phides, ferrous salts, &c., decolorise colouring matters in such a manner that th6<;(dour 
is restored by mere exposure to the air; thus, blue indigo is converted into white 
indigo by the action of these bodies, but recovers its blue colour by atmospheric oxi- 
dation. The action consists either in a direct deoxidation of the colouring matter, or 
in a combinafSSii of the colouring matter with hydri^n derived from the decomposi- 
tion of water. Thus white indigo, C*H*NO, is formed from blue indigo, C*H*NO, by 
addition of 1 at. hydrogen. ( TraiU de C^imie ghnhrole^ far IWatutt ti Frimy^ 2** od* 
V 492 ; Urda Dictionary of ArtSt Manvfaeturco^ and Minec^ i. 806.) 

OO&inmZVXI. See Niobitb. 

OOliVMEBXVM or WXOBIVIIK. A metal orinnally discovered in cOlumbite firom 
Massachusetts, and since shown to exist in the tantaJite (or rather coIumbite) of Boden* 
mais in Bavaria, also in Samarskite, pyrochlore, wohlerite, euxenite, and a variety of 
pitchblende from Satersdalen in Norway. It was discovered by Hatchett in 1801, 
Wollaston erroneously supposed it to be identical with tantalum, the metal discovered a 
short time afterwards by Ekebcrg in Finland tantalite. This opinion was long received 
M correct, and columbium is oven now spoken of in most Manuals of Chemistiy as 
identical with, tantalum ; but the researches of £h Hose have shown that this supposed 
identity does not exist. In short, columbium is identical, not with tantalum, but with 
Hose’s niobium (q, o.) 

COMBUaxzOBr. This term properly denotes the development of light and hmt 
accompanying chemical combination. It is sometimes used as synonymous with in- 
flatnmationf which, however, is better restricted to those cases of combustion in which 
the products are gaseous, in other words, in which fiame is prod||ced. Ignitwn is ths 
incandescence of a body produced by extrinsic means, without dnauge ov its chemical 
constitution. 

The earlier chemists, feeling daily the necessity of fire to human existence, and 
astonished at the changes which this power seemed to produce in charcoal, sulphur, 
the metals, and otiier bodies, regarded combustion 90 the grand and essential p^o- 
menon of chemistry. At the banning of the eighteenth^ntuiy, S ta h i, of PrussiSy 1^ 
applying the views of Albertus Magnus and Becner respe^ng combustion to the whole 
<{^eetion of fiurts discovered by himself and others, and them mto a connected 

whole, laid the foundation of the first system of chemistir. This iqrstem reived the 
name of tlto ** Phlogistic Theory,*' because Stahl assumed thst^sttBlPinbustihle bodiM 
contain one Mtid the aame principle of combustion called escape of this . 

aubatanoe from a heated combustible body lieiug snoDsed to ytodncB the phenmenoa ^ 
of ooo^bMtiqn or and its addition to a burnt booy to restore the ocmbnstibility of 
that body r&us, fiKpborus was r^^wded as a compound of pblogistof and i^o^orio 
acid; lead of phloghtton and lead-earth or calx of lead, the substance how <wlled <n^e 

of lead. When a calx or earOi was redneed to the metaBie eUto by Aasriiig It wi^ 

chazood(alx)4ymehinpblogist^#w«ara^ Oiatthe bumthodytookidilo- 
giato&fliiMntbeehiMahat^^)mmeMhneatotbeeombustil«estate. ' 

A» obvious dstoct of Urn nWogiirtie theoiy was that it took no accoimt^^^ 
tial pari which the air plasrilhi all ocdinaiy caSas of eombustioii, a 

VaL.,L 4 A ^ 
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Mnnourn experience, and fblly demonstrated by the discoTeries nf Sehief|||hi CaTendish, 
and ^estley. Moreoyer it bad long been known that many combu8t||p bodies, the 
metals for example, do not lose, but gain weight when burnt ; and to^riiirds the end of 
the eighteenth century Lay oi sie r showed, by experiments on combustion, made with a 
degree of accuracy in the determination of weights and volumes, quite unknown before 
his time, that wheneyer a body bums iu the air or in oxygen gas, the oxygen enters 
into combination with the burning body, and the weight of the product is exaoMj 
equal to the sum of the weights of the combustible body btxrnt and of the oxygen eon- 
sumed, . It was also shown thatj in the reduction of a metal from its calx (or oxide) hy 
charcoal, the latter body takes oxygen from the calx and leaves the met^ in the freo 
state. In short, wherever the phlogistic theory supposed that phlogiston was removed 
fh>m a body, Lavoisier’s experiments showed that oxygen was taken up, and wherever, 
according to the former theory, phlogiston was supposed to be added, Lavoisier showwl 
that oxygen was removed. This system of chemistry, called the ** Antiphlogistic Theory,” 
did not, however, meet with immediate acceptation from the majority of chemists, 
the advocates of the phlogistic system maintaining that the increase of weight of 
metals and other bodies in burning might be explained by abscribing to phlomston a 
principle of levity,— in other words, a tendency to recede the earth instead of fall- 
ing towards it, as ponderable bodies do. Such an assumption, however improbable in 
itself would of course suffice for its immediate purpose ,* that is to say, of accounting 
for the increase in weight of a body by loss of plilo^ston ; but the explanation tlma 
affiorded took no account of the oxygen, which Lavoisier had shown to be abstracted 
from the air and added to the burning body. Accordingly, as experiments were multi- 
plied, and it was shown that in all cases of combustion, the weight of the prt^iict was 
equal to the weights of the combining bodies taken together, the phlogistic theory 
gradually lost its hold on the minds of chemists, and was ultimately abandoned. 

At the time of Lavoisier, attention wae chiefly directed to combustions taking place 
in the air or in oxygen gas, and to the reduction of metallic oxides by hy[drogen or 
carbon. Chlorine afio, then called csymuriatic acid, was supposed to contain oxygen ; 
bromine and iodine were not known. Accordingly it was natural that oxygen should 
bo regarded as essentially the supporter of combustion, the bodies which burned 
in it being called combustibles. Afterwards, when chlorine was shown to be an ele- 
mentary substance, and when bromine and iodine were discovered, and metals, &e., 
were found to burn in their vapours, the term supporter of combustion was extended 
to all substances capable of forming vapours in which others can bum ; thus, when 
copper-foil bums in sulphur vapour, the sulphur may be called the supporter, and the 
copper the combustible. But since the same substance may act sometimes as a com- 
bustible, sometimes as a so-called supporter, — e.g. sulphur as a combustible with 
oxygen, as a supporter with metals, — the distinction has gradually become obsolete. 

The development of heat and light in combustion was attributed, on Stahl's theory, 
to the escape of phlogiston. The antiphlogistic theory, by dwelling chiefly on the 
ponderable substance produced by the combustion, and the relation between its 
weight and those of the combining bodies, tended rathqr to divert attention from tI>o 
attendant phenomena of light and Tieat^ and, indeed, was somewhat reproached by the 
adherents of the older theoiy for not rendering a sufficient account of those pheno- 
meua. Lavoisier attributed the heat accompanying combustion to the separation of 
the latent heat of the oxygen gas ; and attempts have been made to extena this mode 
of explanation to all casea of chemi^ combination, in which gaseous or liquid sub- 
stances pass to the solid state. however, will not account satisfactorily for the 

more intense evolution of heat in^nnbustions and other combinations : for the latent 
heat of gases and liquids is spi^Biii comparison with such developments of heat 
Moreover, in many instances, t)|||^Pmbination is not attended with condensation ; r.y. 
i& the combustion of charcoal' or sulphur in oxygen gas, and of hydrogen in chlorine 
gas; or again, gaseous products are formed from solid Ix^es, great heat being at the 
same time evolved, as in the explosion of nitre with charcoal, £c. 

Keither can the heat of combustion be generally attributed to diminution of specifle 
heat in the lesuUliM compound ; for in most cases the atoms of simple substances 
retain their origh^J spcctflc heat when they enter into combination (ace Atomic 
' WuoirTS, L 472, and Hsat). In other cases, on the contraiy, combinatioD is attended 
with an actual ^crease of specifle heat, so that the result would be a prodtiction of 
e^d, if heat were not developed from some other cause. , 

l^us, 1 lb. of liydfogen gas, of specifle beat 3*298, oombmes, under the most violent 
evxiltltion of heat^ wm 3 lbs. of oxygen of specufle heat 0 236, produeiiig 9 lbs. of 

water of jq^flo heat 1*000, whereas ealculatioii pves 0*676 ss 

mean of. the two speeifle heats. If then water had a ipe<^e heat *-* 0*576, the 
,q««ili^ 4 )#iMseaiUe heat in the hydrogen and oxygen gases togethw would he exmil/ 
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wificient toluing water formed to the same temperature aa that of the gaaes them- 
Belvea; 'bui amce actual specific heat of water is 1*000, the quantity of Mensible 

heat in the fj^es is not sufficient for this purpose ; and if heait were not developed 
from some other cause during the combination of oxygen and hydrogen, the water pro- 
duced would be much colder than the two gases before combination. 

Berzelius, on reviewing these circumstances, justly concluded that all such explana- 
tions of the origin of fire are defective. He supjwsed that, in every chemical com- 
bination, there is a neutralisation of opposite electricities, and that tliis neutralisation 

E reduces the flame or fire, in the same way as it produces fire in the discharges of the 
«yden phial and the voltaic battery, and in thiuider. He admitted, however, that 
this hypothesis does not afford a satisfactory cxplaimtion of the union of the atoms 
after the discharge has taken place. (See Cjiri^iicxl AKUNri y, i. 866.) 

A more satisfactory cxpluiiation is that advanced by Sir Humphry Davy, viz. that 
the immediate cause of the pheiiomtma of heat is motion, and that tJie la>\*s of its com- 
munication are precisely the same as the laws of the communication of- motion ; that 
in fact* these phenomena are analogous to those of liglif, as cx|>ounded by tlio uiidu- 
latoiy theory. On this principle we may explain the gnMit heat protluced by friction, 
and in explosions, such as those of oxide of chlorine, ainl chloride of lutrogcn, cases in 
which heat and light are copiously displayed, at the same time flmt great enlargement 
of volume takes place, rendering the idea of the extrusion of a calorific fluid altogethor 
inadmissible. "V^enover the chemical forces which determine either composition or 
decomposition are energetically exercised, the phenomena of combustion, which are 
incandescence with a change of properties, are exhibitcil. In all cases, the heat and 
light depend on the same cause, and merely indicate the em^rgy and rapidity of the 
reciprocal chemical attractions. No peculiar substance or phlogistic essence is nieces- 
sary to the production of fire ; but it is a general result of the actions of any bodies 
possessed of energetic chemical attractions or different electrical rebitions ; and it is 
produced in all cases in whicli an intense and violent motion may be conceived to bo 
communicated to the particles of bodies. 

We now proceed to consider the circumstances which favour or retard combustion 
and determine the nature of flame, confining our attention chiefly to cases of combus- 
tion in the air. For the greater part of our knowledge on this subject we are indebted 
to the admirable researches of Sir Humphry Davy (Phil, Trans. 1817, pp. 46 and 
77), which led him to the invention of the Miner’s Safety-lamp. The subject may be 
ti'ented under the following heads: — 

1. The temperature and other conditions required to inflame different bodies. 

2. The nature of flame and tlie relation between the light and heat which compose it. 

3. The causes which modify and extinguish combustion. 

The quantities of heat evolved in the combustion of difibrent bodies will be more 
conveniently considered in the article Hbat (g^. v.) 

I, Conditions of Jnfiammahility* 

But few substances are capable of combining with oxygen at ordin^ temperatures, 
and those which exhibit this capacity lose it at lower temperatures. The tenqwature 
required to bring about the combination of oxygen with any substance, tlio huming 
point, as it may be called, is different, not only for different HubstHnees, but even for tha 
same substance, according as the combustion is take place nipi<lly or slowly. Thus, 
phosphorus combines slowly with oxygen, or exhibits stow romfmstwn at 26® 0. (77® F.), 
nut does not enter into rapid combustion till raised to GO® C. (140® Charcoal like- 
wise bums slowly below a red heat. Sulphur takes fire in the air at about 286® C. 
(660® F.) Host other elementaiy lM>die8 require to bo lieated to redness before they 
take fire in the air or in oxygen gas. Several organo* metallic Ixslios, as zinc-mcthyl, 
cacodyl, and some of the antimonides of ethyl and methyl, take fire immediately on 
exposure to the air. Nitrogen cannot be made to unite with oxyfien by elevation of 
temperature, except under peculiar circumstances ; chlorine, bromine, and iodine not 
at aU hy heat, only by substitution. 

CAiorine nnit^ rapidly with hydrogen at ordinary iemTOratures, and under the in- 
fluence of direct sunshine, produces a violent explosion. Many metals also when 
introduced into chlorine at ordinaiy temperatures; Bromine and unite rapidly 

with pliOffplMran and with several metals, especially if in the finely divided state, at 
ordinary temperatures ; but in a tube coolea with ice, phosphorus and iodine may be 
brought together, without acting on each other. 

^tlpikuT unites with many metals at a red heat, the combination being attended 
with vivid incandescence, e.g, with iron and copper. 

The zelarive iuflammatjility of different bodies in common air may be appi^mately 
sutxmatcd fusing aserim of globules of different sizes at the ends of thm iron wirso, 

4a2 
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And lighting a nimiber of vei^ small flames of different substances^ but all of ths 
same sise. A globule A of an inch in diameter brought near an oil flame ^ of an inch 
in diameter will, if cold, extinguish it at the distance of a diameter. The size of the 
globule required to extingoish the flame will afford a rough measure of' the relative 
in^mmabilitj of the burning bod]^. The combustibility of different gases may also be 
approximately measured by the sizes of the masses of heated bodies required to get 
them on fire. An iron wire ^ of an inch thick at a cherry-red heat wiU inflame hy. 
drogen, but not oleflant gas, which, howeTer, is kindled by a wire | of an inch thick 
at the same degree of heat. A wire ^ of an inch thick must be heated to white- 
ness to inflame hydrogen, but it will kindle phosphoretted hydrogen at a low red heat. 
Carbonic oxide takes fire in the air by contact with an iron wire at a dull red heat ; 
but the fire-damp of mines is not kindled by a wire ^ of an inch thick heated even 
to whitehess. (Davy.) 

ComjcMression of the air does not appear to facilitate combustion, unless it takes place 
rapidly, and is consequently attended with considerable evolution of heat. Th^nard, 
however, found that wood does not take fire in oxygen gas under the ordinary pres- 
sure at temperatures below 360° C,, but under a pressure of 2*6 met. combustion 
begins at 262°. On the other hand, phosphorus in oxygen gas or common air exhibits 
slow combustion at a temperature which is lower in pro^rtion as the gas or air is 
more rarefied ; and a mixture of oxygen and phosphoretted hydrogen, which, under the 
ordinary atmospheric pressure, requires a temperature of 116*7° C. to inflame it, does 
not take fire at 118° when the density is increased to fifteen times its former amount ; 
but if the mixture, contained in an inclined glass tube standing over mercury, be rarefied 
by setting the tube upright, combustion takes place at 20°. Dobereiner likewise 
found (J. pr. Chem. i. 114) that a mixture of equal measures of oxygen, hydrogen, and 
nitrogen gases contained in a detonating tube was always explc^ed by the electric 
spark, if the tube were open at the bottom, or merely closed with water ; but not 
always when the tube was closed by a cork, — the compression appearing to offer an 
obstacle to the continuation of the combustion. 

Tlie combination of oxygen with inflammable gases and vapours is greatly facili- 
tated by contact with platinum and certain other metals, the effect depending partly 
on the power possessed by the metal of condensing the gases on its su^ace or wit!) in 
its pores, if it be in the spongy or finely divided state, partly on a polarised condition 
of the molecules (see Contact-action). When a clean plate or wire of platinum is 
immersed in a mixture of oxygen (or common air) and a combustible gas, a slow cuni- 
bustion takes place at first, by which the temperature of the solid body is raised, — 
and consequently, the process of combustion is not only sustained but actually ac- 
celerated ; and at length the temperature of the solid body may be so much raised its 
to give rise to rapid combustion. The larger the surface of the metal, the more 
powerful is its action. 

It was observed by Sir H. Davy that a mixture of oxygen gas or common air with 
hydrogen, carbonic oxide, olefi^ant gas, cyanogen, or vapour of hydrocyanic acid, 
alcohc^ ether, rock-oil, or oil of turpentine, is brought into a state of slow combustion 
by contact with thin platinum foil or a spiral of platinum wire heated to a tempe- 
rature short of redness, — that the heat thus developed brings the platinum to a state 
of bright ignition, — and that, with certain gases, rapid combustion at length ensues. 
He likewise foun^ as had been previously observed by Grotthus, that the mixture of 
03 ^gen and hydrogen gases heated not quite to redness in a glass tube, passed in a 
few minutes into state of combiiiatl^ and formed water, without sensible evolu- 
tion of light and heat. £rman shov^ that the platinum wire requires a temperature 
ef oidy 60° to 61° C. in order to ^Bme the combination of oxygen and hydrogen. 
E. Davy found that platinum-black fflntinum in a state of division stiU finer than that 
of spongy platinum), moistened wi^ alcohol, became incandescent in the air and 
induced combustion of the alcohol. Finally, Dobereiner discovered that foesblj 
ignited spongy platinum (as it remains after ignition of ammonio-chloride of plati- 
num) exmtes, even in the cold, first the slow, and then, under favourable circum- 
stances, the rapid combustion of a mixture of hydrogen gas with oxygen or atmo- 
mheric air. It appears from the experiments of Dobereiner, Pleischl; Dulong, and 
4^6nard, that thu property is possessed (though in a less degee^ so that in most 
cases the temperature must be raised, though never to the burning point) by other 
solid sabs^ees, both metalltc and non-miiallic, palladium, Aodinm, iridium, 
osmium, gold, sHver, cobalt, nickel, charcoal, pumice-stone, porcelain, gisss, rock 
crystal;' and fluor-spar. ^ \ 

These effects may be shown in either of the follow^ ways ; 

1. Spongy platinum fostened to the end of a wire is suspended within a glass flask, 
which IS then ex^uried of air and filled with the mixture of oxygen and tiie oom- 
bttstible gas.— 2. The gaseous mixture is contaiiied in a vessri stanmng over meicaty, 
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and the epoiiCT platinum fhstened to a wire is pushed up into it: or a piece of it is 
aiinply passed up by itself through the mercury into the The plafitium is best 
prepiuwd foif this purpose bv formin^^ a mixture of moistened clay and ammonio- 
chloiide of platinum, or of sal-ammoniac and spongy platinum, into balls, and heating 
them gently : the balls thus prepared may be used several times. — 3. The mixture of 
oxygen or air with the combustible gas is directed on the spongy platinum contained 
in a glass dish or u funnel. — 4. The spongy platinum is attached to a fine platinum 
wire (for this pu^se the platinum wire may be wound into a spiral, or a loose net 
may he made of it; and upon this a portion of ammonio-chloride of platinum, made 
into a thick paste with a small quantity of water, may be fastened, anti then ignited) ; 
u stream of the combustible gas is then to be directed upon it : the gas is thus brought 
in contact with the platinum after first mixing with the air. — 6. Fine platinum wire 
is wound from three to eight times in a spiral form round a thin glass rod or an iron 
wire, the turns of the spiral being kept veiy close together: it is then removed, and 
inserted by its lower extremity into the end of a glass tube, from which the combus- 
tible gas issues into the air;--or the lower turns of the spiral are fixed round the wick 
of a lamp fed with a combustible and volatile liquid, such as alcohol, ether, or a vola- 
tile oil ; or again, the end of the wire is inserted into the middle of the wick or into a 
capillary tube into which the liquid rises. This arrangement serves for the lamp 
without fiame or glow-lamp (i. 74). It is usual to set fire to the vapour, and let \t 
burn till the platinum wire becomes red-hot ; then, when the fiume is blown out, the 
wire continues to glow,— 6. A triangle of fine platinum foil is cemented by one of its 
Cornells into a thin glass rod, which serves for a handle, and hold over the aperture (in 
some cases after being heated) from which the combustible gas isMues into the Hlr,—— 
or else over a volatile liquid, such as alcohol or ether. The greater the purity of the 
ammonio-chlorido, the more efficient is jthe spongy platinum prepared from it. As 
with platinum, so also with the otlier metals above named. 

Effect of fneekanical division , — Many finely divided substances are capable of burn- 
ing at comparatively low temperatures, ns shown by the following experiments:-— 
When oxide of nickel, cobalt, or iron is reduced by hydrogen gas at a temperature of 
about O., or not quite amounting to redness, or wdien oxalate of iron is heated in 
close vessels not quite to redness, whereby the iron is reduced, the metallic powder thus 
obtained Wrns with a glimmering light on being exposed to the air at ordinary tem- 
peratures. If the heat during the reduction bo raised to redness, or if the metal re- 
duced at a heat below redness be afterwards ignited in hydrogen gas, it will no longer 
exhibit spontaneous combustibility, possibly, because the melal when thus strongly 
heated agglomerates in denser masses : but if a quantity of alumina or glueina I)e mixed 
with the metallic oxide, — by mixing the solution with that of the salt of alumina or 
glueina, and precipitating by an alkali, — the metal, when reduced by hydrogen, even at 
a rod heat (provided the heat has not been veiy intense), takes fire on exposure to 
the air, as readily as that which has been reduced at a lower temperature, — possibly, 
because the interposition of the eaKhs, which are not reduced by the hydrogen, pre- 
vents the particles of metal firom welding together. Copper reduco<l by hydrogen gas 
at a very moderate heat was likewise observed on one occasion to become covered, on 
exposure, with a film of oxide, without however taking fire. Iron reduced by hy<lrogen 
gM almorlis several times its volume of carbonic acid gas ; it thereby loses its infiamraa- 
bility, which, however, it recovers by being again heated in hydwgen gas. Tliis 
perty of spontaneous infiammability may be explained in two different ways : 1.^ The 
metal reduced by hydrogen retains a portion of this gas enclosed among its particles ; 
when exposed to the air, it induces combination between this substance and the 
oxygen of the air (after the manner of Ddlajreinor’s process), and the great heat 
evolved in this combination canses the metal to tiike fire. Against this, however, it 
may be allied that iron reduced from the oxalate cannot contain hydiy^en gas en- 
closed amongst its particles (it may, however, contain carbonic oxide) ; and even when 
the metal is thrown into water, and the water driven off by evaporation, spon- 
taneous combustion is still produced by contact of air. — 2. The metal when esLposed 
to the air absorbs the air mechanically, just tm any porous body would do (and pos- 
sibly it may dbsorb oi^gen with peculiar avidity) ; and the heat developed bjjr tliis 
mechanical absorption gives rise to the combustion. If the metal has been previously 
saturated with carbonic acid gas, of which perhaps it absorbs^ a larger quantity than 
of oxygen, it does not become heated by contact with the air (Magna lO* Wohler 
likewise ^nmd. that intimate mixtures of charcoal and reduced metals often possess 
thenroperty of taking fire at a red heat. v v » , 

Tne spontaneous combustion of other porous substanoes, such as charooal-powdsr or 
small coal, and espedalty of masses of tow, cotton, or raw saturated with takes place 
in a similar manner. The substance absorbs and condenses the air within its pores ; 
oxidstioB thso commences immediately and raises the temperature, which sgain 
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•ceelerates the oxidation ; and thns the process goes on vith continually increasing 
rapidity, till at length the mass bursts into flame. The low* conducting power of sueli 
a porous mass greatly facilitates the combustion, by preirenting the dissipation of the 
heat generated. Instances are known of oliye oil igniting upon sawdust; of greasy 
rags from butter, heaped together, taking Are within a period of twenty- four hours ; of 
the spontaneous combustion of tape-measures, which are covered wifn an oil-varnish, 
when heaped together ; amf even of an oil-skin umbrella put away in a damp state. 
The presence of moisture greatly promotes the spontaneous ignition of porous materials, 
such as hay or coal-dust, the water probably supplying oxygen to the combustihle 
matter. (See Graham* s Rfiport on the cause of the fire in the “ Amason." Chem. Soc. 
Qu. J. V. 34.) 


II. Nature of Flame. 

The fire which accompanies the process of combustion appears either as Glow or 
Incandescence^ when the burning body does not become gaseous before combustion, or 
as Flame, when the burning body is previously converted into gas or vapour. In the 
former case, the heat evolved at the surface of contact of the oxygen and tlie com- 
bustible body, charcoal or iron for example, heats the body and causes it to glow witJi 
various degrees of brightness, according to the temperature. Feebly glowing coals 
emit a dull red light {cherry-red heat or drill red hat') ; when more strongly heateti, 
they emit a yellowish-red light {bright or full red heat) : at still higher temperatures, 
a yellow light {dull or commencing white ^at) ; then a yellowish, then a greenish, and 
lastly a bluish-white, intensely dazzling light {bright, full, or dassling white heat). 

When the combustible body is in the gaseous form, either origin^ly or in conse- 
quence of the heat required to set it on Are, .the mixture of this gas with the oxygen 
and the products of the combustion constitutes flam e, which is, in fact, gaseous matter 
heated to incandescenco. If the combustible gas or vapour, and the oxygen or air are 
uniformly mixed before ignition, the combustion takes the form of an explo<«ion, com- 
bination taking place at once throughout the whole mass of gaseous matter, which conse- 
quently appears equally luminous throughout, A similar effect takes place when a com- 
bustible substance, such as sulphur or charcoal, is intimately mixed with a nitrate, 
chlorate, or other solid substance which readily gives up oxygen ; if the temperature of 
such a mixture bo raised to the burning point at one spot by friction, percussion, or 
the contact of a hot body, the ignition of the first few particles raises the temperature 
of the next, and then the action is propagated in an inappreciably short space of time 
throughout the whole mass, producing a sudden and violent evolution of gw, occupying 
many thousand times the volume of the original solid mixture. The noise attending 
the explosion arises from the violent concussion of the surrounding air produced by 
the sudden expansion of the burning gases. 

But when the combustible gas or vapour issues from an orifice or a wick into the 
air, or into an atmosphere of oxygen, the combustion takes place ^adually at the 
suiface of contact of the two gases, and a flame is produced, consisting of an inn<*r 
dark and less heated space filled with the combustible gas, and a glowing envelope 
marking the boundary at which the combustible gas and the oxygen come in contact 
and unite. That such is really the structure of flame may be shown by placing a 
piece of phosphorus on the wick of a burning spirit lamp, the phosphorus not taking 
fire till it is pushed outwards. If a piece of phosphorus be placed on a wooden 
support in the middle of a basin filled tnth alcohol, and the alcohol be set on fire, the 
phosphorus mdts, but does not take till the alcohol is burnt away or extinguished, 
or tifi the flame is blown on one sid^fcr air directed utod the phosphorus by means 
of the blowpipe. In a similar mRtjyie, a lighted candle will go out when placed in 
the midst of an alcohol flame. 


The brightness or illuminating power of flams depends, not only on the degree of 
heat, but likewise on the presence or absence of solid particles which may act as 
radiant points. A flame containing no such particles emits but a feeble light, even if 
its temperature is the highest possu)le— the flame of hydrpgen gas, frr cKampIe. Bat 
in flames which do contain solm particles, the brightness increases with the tempera- 
ture to which these particles are raised. Solid particles in a flame sometimes arise 
from the combination of the combustible body with oxygen, e. g, phosphoric add or 
oxide of sine in the combustion of phosphorus or zinc ; sometimes, when the burning 
body ia an organic hydrocarbon in the gas^us state, they consist' of particles of 
carbon in the form of soot^ separated in the interior of the {lame by the neat of the 
burning envdope. A dull flame becomes brighter by the int^uction of a solid body 
in a flnely divided state. 

The ibllowing substances give a dull flame: hydrogen gas, carbonic oxide gas, sul- 
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phwp, aeleniuin, arsenic, alcohol — and likewise coal-gas when it ia mixed with a 
sufficient qoMtity of air to ^use it to burn without deposition of soot: phosphorus 
also bums with a dull flame in chlorine gas, because the chloride of phosphorus, which 
is the product of the combustion, remains in the gaseous state (H. Davy), When a 
spiral of platinum w^ or a piece of asbestos is bold in either of these flumes, or some 
powder^ oxide of zinc thrown into it, the solid matter immediately becomes white, 
and emits a vivid light (H. Davy). Paper soaked in solution of chloride of calcium 
and burnt in the flame of a spirit lamp, leaves a white network of ashes, which, when 
held in the feeblest alcohol flame, emits a brilliant light, (Talbot, Phil. Moir. 181 iii, 
114.) ^ ^ 

If alcohol vapour be projected from one set of tubes, and oxygen gas firom another 
set, upon a ball of quicklime, having a stem by which it is fusteiUHi to a wire, iho 
alcohol burning in the oxygen gas heats the ball to the most dazzling whiteness ; so 
that the light, when reflected by a concave mirror placed behind it^ is plainly visible 
at the distance of 68 miles. Zirconia gives a light somewhat less powerful than that 
of lime; that produced by magnesia is only half as strong. (Drummond, Ed. J. 
of Sc. 6, 319.) By the oxy-hydrogcii blowpipe (L 613) lime is rendered much more 
brightly luminous than by alcohol and oxygen gas. Sup{K)sing the intensity of light 
of a wax candle — 1, that emitted by a cylinder of lime whoso circumfenmeo is one- 
fifth of that of the flame of the candle, is equal to 163 w'hen it is ignited by the oxy- 
liydrogen flame ; to 76, in the flame of ether and oxygen ; to 69, in that of alcohol 
and oxygen; and to 19, in that of coal-gas and oxygen. Unburut chalk, white clay, 
and magnesia, give much less light than burnt chalk 

A Itright fianie is produced by the following liodics ; — 

1. Those which in combination with oxygen form a solid compound: phosphorus, 
potassium, antimony, bismuth, zinc, and most other metals. (Davy.) 

2. Compounds containing carlion, from which a portion of t he carbon is separated 
in the form of soot, by the heat produced at the part where the combustion actually takes 
place, the separated carbon being first brought to a state of vivid incandcswnce, and 
Hid ‘Sequent ly burnt when it comes in contact with oxygen. This is the case with 
marsh-gas, olefiant gas, ether, volatile oils, fats, resins, «c. (IT, Davy). The flame of 
alcohol may likewise be rendered bright by tho pn^sence of any substance which 
causes the carbon to separate from it Thus, chlorine pis mixcHl with tho flame of 
alcohol increasea its luminosity, because, by combining with tlie hydropm, it causes a 
de])osttion of solid carbon. Vapour of dioxide of osmium likt^wise gives luminosity 
te the flame of alcohol, by giving up osmium and separating carbon from the alcohol. 
To produce this effect a piece of osmium is laid on tho edge of a piece of platinum- 
foil, and the foil held over the alcohol flame, so that tho osmium may burn, and tho 
vapours of tho oxide may mix with the vapour of alcohol (Berzelius). The flume 
of nydrogen or marsh-gas may Is? rendered bright by passing the gas through coal -tar 
naphtha, rock-oil, or some other volatile hydrocarboi^ tho vajiour of which then mixes 
with the gas and brightens the flame by the separation of its carlion. 

On the contrary, by mixing a^jet of carbonac^us gas or vapour with oxygen, as in 
Bunsen’s gas-burner, in which air is admitted just above the |)oint where the stream 
of gas enters the burner, so that the gas ami air Iwcome well mixed before they reach 
the orifice, a complete combustion of the carbon is obtained, an<l only gaseous products 
are formed, the result being a very hot smokeb*sB flame of feeble luminosity. A 
similar flame is obtained by laying a sheet of wirc-gnuzo on the top of the chimney 
of on Argand gas-burner, and setting fire to the gas above the gauze. Tho gas then 
becomes well mixed with air in passing up tho chimney, and the carbon is completely 
burned as before. 

The more slowly a carbonaceous substance is Immed, the greater is the quantity of 
carbon separated from it ; the brightness of the flame is, however, 'diminished in the 
same proportion, because the particles of carl>on are less strongW heated. On tho 
contrary, the quicker the combustion, the smaller is the qmintity of curlion separated ; 
bat the temperature to which it is raised is so much the higher, and consequently it 
emits a brighter light. 

The flame of highly carbonised substances, such m a wax or tallow candle, oonoiiiti 
of four parte, as represented in fig. 129. tf. a dark inner eme, snrrooDding tho wick, 
and consisting of tne combustible gas and vapour issuing therefrom, mixed with atmo- 
spheric nitrogen and products of combustion, viz. water and the oxides of cwbon ; 

A, a ligU Hue gone at the bottom of the flame, and reaching a little niep mp the inner 
cone. In nart^ the combustiVde matter of the inner cone comes in contact with 
the amen of the air not yet rarefied by tho heat, and is complotelv burned just as in 
the inner blowpipe-flaine (L 613), producing a light of the same bright blue cokinr. 
c, a kwAfy luminous cone surrounding the dark inner cone. In this part, the «f 

oxygen is not sniBcient, excepting at the outer snrtece, for the oon^lete epteomiwft 
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of thft carbon, wliic]i ia Hierefcne separated in minute solid partides, and these being 
strongly heated by the combustion, become hip^y incandescent ; if a cold 
Fiff, 129. body be introduced into the flame, these particles of carbon are deposited 
as soot d, the vnantlet a feebly luminous, yellowish cone surroundmff the 
entire flame, excepting just at the bottom^ and consisting of atmospherie 
air heated to incandescence, and mixed with the final products of the 
combustion. This part of flame is often confounded with the blue 
zone, fiom which, however, it is really distinct The best mode of ob- 
serving it is to cut out a piece of cardboard of nearly the shape of tlie 
flame, and hold it at such a distance &om the eye as just to hide the lumi- 
nous cone. 

The flame of an Aigand lamp, which is supplied with air within as wtil 
as without, may be compared to the flame of an ordinary lamp or candle 
flattened out, and then bent into a cylinder. It contains the samejparts 
as the conical flame, but £rom the form of the wick, the dark zone is ne- 
cessarily very thin. 

The composition of the flame of wax and tallow bunting from a wick 
has been accurately investigated by Hilgard (Ann. Ch. Pharm. xoii. 
129; Jahresb. f. Chem. 1854, p, 287). The lamp used in the experi- 
ments consisted of a shallow cylinder containing the fuel, and having in 
its axis a glass tube, over the upper end of which the cylindrical wick was 
drawn. Through this tube, w^ch was capable of sliding up and down, 
a narrower tube connected at its lower end with an aspirator passetl 
upwards into the flame. This narrow tube was attached to the outer tube 
by means of a caoutchouc connecter, in such a manner that no air could 
pass through the wide tube into the flame. By this arrangement, the gases could be 
collected at any required height in the flame ; they then passed through a series of 
condensers, and finally into a glass tube in which they were sealed up for examination. 

In the following table, the composition of the gases at different heights (in milli- 
metres) above ( -f ) and below ( — ) the edge of the wick is given in percentages by 
volume ; the symlwl includes ethylene and the hydrocarbons polymeric with it, 
X denotes the weight of liquid and solid matter condensed from a litre of the flame- 


gas. 


Compositi<m of Wax and Tallow jlamet. 
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The large quantity of nitrogen in the interior of the flame arose from the circum- 
stance, that the air entered, the flame in a nearly horizontal direction, especially at the 
lower part. The proportion of nitrogen is a minimum at 2mm. above the edge of the 
wick, chiefly because the greater heat and increasing amount of decomposition in this 
part of the flame produce a larger amount of permanent gases. The quantity ^ 
^ c^bonie anhydride ie nearly inve^yptoportionia to that of the hydrocarbons, OH**. 
When the nurogen ia deducted, the sums of the amounts of carbonic anhydride, ethy- 
lene, &C.,. and carbonic oxide are neariy constant. The total quanti^ of these thm 
gases appears to alter but slightly from the bottom of the flame to a height of 7mm. or 
Siam ; at a greater height, it appean to incresase^ in consequence of the exonv of the 
products of oxidatioii. 

The inner cone of the flame contains the unbumt ipwes issuing frasi the wieki 
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mucad with atuiosphanc nitrogen and carbonic oxide, carboiiic add, water, mo* 
dnced by the eombuation going on in the outer cone, but no/re# <mgen, that gaa b£iig 
completely conTert^ into the producta just mentioned in passing through Uie onto 
cone. The competition of the gases at different heights of the flame is determined 
by the natural action of the combustible gases iu the inner cone and the oxidised 
products proceeding from the outer part. 

The lumiuous envelope surrounding the inner cone varies in composition from with- 
out inwards, the outer portion containing a considerable quantity of free oxygen 
which graduaUy diminishes as it penetrates inwurfls. The thickness of the luminous 
envelop increases towards the upper part of the flame, because this portion contains 
the oxidised products ascending from below, in addition to those directly formed 
there, so that the proportion of combustible gases in the upper part of the flume is less, 
the combustion is slower, and the oxygen of the air can penetrate to a greati^r depth ; 
hence the luminous envelope diminishes in hrigtitness and increases in thickness from 
below upwards, and near the apex it presents the appearance of a solid cone. The 
reducing part of the flame is at the surface of contact of the inner cone and the lumiuous 
envelope. 

The flames of combustible bodies which do not undergo the decompositions above 
described, differ considerably in composition from those of wax or tallow. luminous* 

cone is often absent, more rarely the mantle : the inner cone is of course always pre- 
sent, and the blue zone is almost always represented by 
the part where the still undiluted combustible gas comes 
in contact, at a comparatively low temperature, with ail 
containing its full amount of oxygen, llie flame of car* 
bonic oxide exhibits a distinct dark cone (consisting of 
unbum t gas), a dark blue zone, and aycllowish-rcd mantle 
not sharply defined from the surround iiig air. The flafne 
of sulphur has a blue zone at the bottom and a violet* 
reddish mantle, the colour with which sul[)hur-vapour 
burns when previously strongly heated. In the al co li o 1* 
flame {Jig, 130) the inner cone a is very larji^, in conse- 
quence of the volatility of the comlnistible substance : the 
luminous cone b is small, because there i.s but little carbon 
separated ; and the mantle d appears very much devclopeil, 
because the eye is not dazzled by a bright luminous cone. 

The composition of the flame of coal-gas has been ex- 
amined by Landolt (Pogg. Ann. xeix. 389), by a method 
similar to that above described for the wax and tallow 
flames. The gas, properly purified from carl»onic acid, 
oxygen, and aqueous vapour, was passed, under pressure 
of a column of water, 17 Paris Unes high, into a brass box, 
having at the top a circular aperture 7mm. wide, and a tube of nearly the same diameter 
passing tightly through the bottom, and terminating on a level with the circular 
opening, so that the gas was made to issue through the narrow ring-shaped slit thus 
formed. A tube connected with an aspirator passed up througli the brass tube into 
the flame, as in Hilgard’s experimentH. The flame was protected from draughts of 
air by a glass cylinder suspended over it and reaching to within 20mtn. of the burner; 
it was from 96 to 100mm. high when burning friH^ly, and from 86 to 96mm. while gas 
was being drawn out of it. The following table gives the composition of the purified 
coal-gas (L) introduced into the burner, and that of the flame-gas, at various neights, 

D mnUi above the ring-shaped aperture, in percentages by volume (F). 

Composition of Coal-gas flams. 


Fig, 180. 
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From these reGnihs, Lahd^^t has calcidated the proportions of coal-gas and air which 
by their mutual action form the several parts of the flame-gas. The results are some- 
what discordant, according as the carbon, hydrogen, or nitrogen is taken as the basis 
of the calculation ; but the most probable results are given m the following table, in 
which A denotes the rolumes of atmosx)heric air which have mixed with 100 toIs. coal- 
gas to produce the flame-gas at the several height^ D, indicated in the first line. 
100 + A a M volumes of this unbumt gaseous mixture yield, after combustion, Y 
volumes of flame-gas. The composition of the M volumes of unbumt gaseous mixture 
and of the V volumes of flame-gas produced by their combustion are given in the lower 
part of tie table. 

Composition of Coal-gcte flame. 
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The sudden increase in tlie quantityof air mixing with the combustible gas between 
the heights of 10 and 2()mm., is attfibutecl by Laiidolt to the effect of the glass cylinder. 
The proportion of carbonic acid does not increase towards the upper part of the flame 
so rapidly as might bo expected, probably on account of the reduction of that gas to 
carbonic oxide by the the ignited curlwn in the flame ; lienee also the sudden increase in 
the proportion of carbonic oxido between tlie heights of 30 and 40mm, The quantitie.H of 
the several combustible gases in the flame diminish from below upwards, at rates propor- 
tional to their combustibility. From 0 to 20mm. the decrease of the hydrogen is the most 
rapid ; the increase in the proportion of this gas in the flame above the height of 20inm. 

^ ^ A 1. v am n r-a « a wai vx^'ii 



in the higher part. 

The hrightist light was found to be given out by the part of the flame a little above 
the top of the dark cone. In a gas-flame 100mm. high, in which the dark cone reached 
to about 6dmm., the highest part was at 70mm., and supposing the brightness of this 
part » 100, that of the other parts of tiie flame was found to be as follows : 

nun* mni* mm. mm. nun. 

Height above burner 

Brightness at the e^e . 

Brightness in the middle 
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The sizs of a flame is greater in proportion as a lai^r quantity of oxygen is re- 
quired to consume a g^en volume of the rising combustible gas^ and also os the sur- 
rounding oxygen is mixed or combined to a greater extent with foreign gases ; for, in 
that case, the combustible gas must present a larger circumference, and a greater number 
of ^ints of contact to the oxygen, in order that the latter may be consumed as fkst as 
it supplied. 

When different combustible gases aie made to flow f^m a ^et, in streams of given 
strength, into oxygen gas and mixtures containing it, the following effects are obsezred : 
Hydrogen gas gives a much smaller flame than (defiant gas (1 volume of hydrogen re- 
quires half a vomme of oxygen, and 1 volume of olefiant gas requires 3 volumes of oxygen 
to bum Li). Hydrogen gas mixed with nitrogen gives a still smaller flame than pure 
hydrogen. 'The flame of hydrogen gas in oxygen is smaller than that of the same gas 
in air; but there is this anomaly ol^rved, that hydrogen gives a smaller flame in air 
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than it does in chlorine ot nitrons oxide gas,— althopgh one Tolnine of hydrogen gas 
requires 2*4 volumes of air and only 1 volume of chlorine or of nitrous oxide eras. Tnls 
peculiarity is probably due to the different degrees of diffusibility of the gases through 
each otlier. ^ 

The colour of the flame depends partly on its temperature, partly on the nature of 
the substances contained in it. 

Cold carbonic oxide gas gives a blue flame in burning ; but if it has proviously been 
heated, it gives a Yellowish red flame. Hydrogen and other gases, wnich in burning 
evolve more boat than is evolved by carbonic oxide, exhibit a yellowish red flame even 
when set on fire in the cold. But when hydrogen gas issues from a fine jot (as in 
Marsh* s apparatus) against a porcelain slab held close in front of it, a pale green fiime 
is produced, — possibly in consequence of the cooling action of the porcelain. The blue 
flame at the lower part of the flame of a cundlo likewise indicates a comparatively low 
temperature. It is remarkable that in the glowing combustion of solid bmfiea tlio colours 
exhibit exactly the opposite relation (p. 1094). 

The addition of boric acid, or of a metallic chloride and oil of vitriol, to alcohol, 
gives the flame a green colour — or, when it is more stioiigly heated, it turns yellow. 
Chloride of strontium or chloride of calcium colours the fliiiiio f)f alcohol red ; chloride 
of barium, or common sal t^ colours it yellow ; protochloride of copper gives it a bright 
red colour, with green and blue edges. Copper covert'd with oxide or sulphide (but 
not clean copper), held in the flame of alcohol, colours it gn^en. The flames of other 
burning bodies undergo similar alterations. Chloride of Htrontium n'ddens the flame 
of hydrogen, marsh-gas, and olefiant gas, as also that of a caii<llo-— but only so long ns 
the salt itself remains moist ; on the flame of sulphur it htis no 4‘flcct. In all these ctises, 
a portion of the added substance undoubtedly volatilises : but whether it volatilises uti- 
decoinposed, so that the colour of the flame is alt**rcd mertOy by the presence of boracio 
acid, chloride of strontium, chloride of copj»cr, &c., or wlic lln r decomposition takes 
pliicc, so that boron, strontium, calcium, barium, or cop|)er is introduced into the flame 
111 the reduced state, is there burnt, and thewdiy proiluccs a diftcreiit colour — is a ques- 
tion not yet decided. Davy suggested the latter exjdanation. 

licspecting the prismatic spectni produced by flames in which various salts, &c. are 
ignited, see Analysis (i. 214), also Light. 

In ordiuaxy flames, the combustible gas occupies the interior, and is surrounded by 
atmospheric air or oxygen gas. But the «!ombustion may likewise be sustained by 
directing a stream of oxygen ga,s, air, &c., into a vessid filled with the coin bustible gas. 
The interior dark part of the flame then consists of oxygen gas ; and this gas seems, 
as it were, to burn in the conibustiblc^ gas. In this manner, oxygon gas (aii<l also 
chlorine) may be made to burn in hydrogen ; likewise oxygem gas, rominon air, vuvHmrot 
pernitric oxide (or chlorine gas, with largo 4leiK>sitii>n of K(K>t) in olefiant gas. To luv)- 
duce this effect, a stoppered beU-jur standing over water is filled with olefiant ^ns, 
the stopper removed, the gas set on lire, and the oxygen tube, which is fitted into 
a cork, plunged into the olefiant gas, the cork serving to elo.se the aperture. Or a 
quantity of chlorate of potassium, contained in a small basin Hiis{s>ndcd from the cork, 
may be heated till it evolves oxygen gas, and then plunged into th<* oh'fisnt gas pre- 
viously set on Are at the mouth of the jar: the conilmstion then goes on, producing a 
beautiful light, the colour of which may be variously modified l>y the addit ion of iiiirut* 
of sodium, strontium, or copper (Kemp, J. Pliarm. xx. 413; iifso J. pr. Chem. iii. 44). 

The flame of oxygen in hydrogen gas is grt'cn, even when both giwes are quite pure : 
that of oxygen in luarsh-gas is yellow. The first- ineiit ion e<l flairio is much larger than 
the other, because a measure of oxygen gas reqiiir<*s tw o nieasurcs of hydrogen, and only 
half a measure of marsh-gas (Hess, Pogg. Ann. xliv. 33fl ; abso J. pr, Cliem. xiii. 610). 

The flame is smaller when oxygen or nitrous oxi<h^ gas, or vfljwur of nitric per- 
oxide, or chlorine gas is made to pass into hydrogen gsis, than in t he contrary case ; 
according to what was said on p. 1098, the con trap' might have been exi>cc^. A 
much smaller flame is produced when oxygen passes into oh^flaiit: gas than when it passes 
into hydrogen. With olefiant gas, the flame is dark within; then follows s brilliant 
envelope, hot enough to melt platinum ; then, towards the outside, a dark yellow flame, 
lengthening above and containing soot, the greater part of which remains nnVjnnit. 
When oxygen gas is blown into Toiling sulphur, a yellow flame is produced, dark within, 
red on the outside and at the apex ; air gives a smaller flame than oxygen, dark within, 
blue without; and red at the mx (Waldi e, PhiL Mag. [3] xiii. 80). 

The J3low-pipe flame is of the same character os those just mentioned, inasmuch as 
the air is blown into the middle of the ascending combustible vapour. ^ The strongejd 
heat exists at that part of the flame where tlie oaik cone of injected air terminates in 
a bluish vertex, and the humtiig envelope which surrounds it concentrates itself upon 
asin^e point (i. 611). 
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HL CauuB whieh modify and ea:Hng%dBh (hfnJbmUon^ 

When the alow op rapid combinatioii of a body with oxygen has once been set imbv 
elevation of temperature, the continuance of this combination, after the supply of bei 
from without has been withdrawn, depends in general on the following condition:-- 
Whether the quantify of heat, which the body m combining with oxygen evolves in a 
given time, is equal to that which, in the same time, is carried away by surrounding 
bodies ; and consequently, whether the body remains at the temperature necessaiy for 
combustion and in particular.* 1. On the difference between the temperature at 
which the body will combine with oxygen, rapidly or slowly, and the external tem- 
perature ; 2. On the quantity of heat which it evolves in burning ; 3. On the rarefaction 
or condensation of the oxygen gas ; 4. On the greater or smaller admixture of foreign 
gaseous bodies not contributing towards the combustion ; 6. On the presence of liquid 
or solid heat-conducting bodies. 

1. Iron and diamond require a white heat to make them bum rapidly : hence, when 
they are heated in the air till they begin to burn, the combustion ceases as soon as the 
access of heat from without is discontinued, whereas sulphur, and other easily inflam- 
mable bodies, continue to bum. 

2. Carbonic oxide ga^ which is as easily inflammable as hydrogen, does not exhibit 
rapid combustion after it has been rarefied to aliout one-fourth of its ordinary density, 
because it evolves less heat during combustion. (H. Davy.) 

3. A certain degree of rarefaction prevents the continuance of combustion ; because 
combination, and therefore, also, development of heat, is retarded by it. Detonating 
gas (a mixture of two measures of hydrogen gas and one of oxygen), when rarefied 
to X of its ordinary density, no longer explodes by tlie electric spark (H. Davy). 
Hydrogen gas, mixed with air in the right proportion, will not take fire under an 
extemd pressure of five inches (Qrotthuss). Hydrogen gas issuing from a jet into 
the air exhibits rapid combustion under a fourfold rarefaction of the air, burning even 
with a larger flame than before, but is extinguished when the density is reduced to 
between ^ and | of its ordinaiy amount. 

The burning vapour of alcohol, ether, or wax, is extinguished, under these circum- 
stances, by a five or sixfold rarefaction ; sulphuretted hydrogen by a sevenfold rare- 
faction of the air. Sulphur continues to exhibit rapid combustion, even when the air 
is rarefied fifteen times ; phosphorus, when the density is reduced to ^ ; while the 
easily inflammable variety of phosphoretted hydrogen gas produces a flashing light, 
even in the best vacuum that can bo made with the air-pump. Vapour of ether, in 
air rarefied thirty times, still produces a feeble flame on the introduction of a red-hot 
iron. Slow combustion on the surface of platinum is exhibited by marsh-gas, down 
to a fourfold rarefaction of the air ; by carbonic oxide, to sixfold; by vapour of tdcohol, 
ether, or wax, to eightfold ; by olefiant .gas, to ten or elevenfold ; by hydrogen gas, to 
tliirteenfold ; and % vapour of sulphur, down to twentyfold rarefaction of the air. 
By elevation of temperature, the limits of inflammability are still further extended ; 
so that detonating gas rarefied eighteen times, and heated to redness, exhibits a light 
as if frttm combustion, on the passage of an electric spark. (H. Davy.) 

Within certain limits, however, the rate of combustion is independent of the density 
of the surrounding atmosphere. Frankland found that a stearin candle burned away 
at the same rate on the summit of Mont Blanc and in the valley of Chamounix. The 
brightness of the flame is, however, greatly diminished by rarefaction of the air. A coal- 
gas flame, burning in artificially rarefied atmospheres, exhibited an average decrease 
of illuminating power amounting to J^ut 5*1 per cent for each diminution of 1 inch 
of mercurial pressure. (Proc. Ifoy. wt xi 137.) See 

4. Foreign gaseous bo^es, which e^pHbute nothing to combustion, absorb a portion 
of the heat generated by the oombthation, and reduce the temperature below the 
burning point, the rapidity of their action being proportional to their quantity, mobi- 
lify, and capacity for heat Not only do bodies in general bnm more rapidly f& 
oxy^n gas than in atmospheric air, which contains only one volnme of oxygen to four 
of nitrogen ; but iron and diamond, which, when once set on fire, continue to bnm in 
oxygen gas, are immediately extinguished in atmospheric air. In air four or five 
times compressed — which, therefore, contains one volume of oxygen gas - candles^ 
hydrogen gas, i^phnr, charcoal, and iron, do not in consequence of the abstraction of 
heat by the nitrogen, burn more rapidly than they would in uncompressed air, to 
which I of a volume of oxygen had been added. One volume of detonating gas loses 
its powo of taking fire by the electric spark, if there be added to it ) a volume of 
olefiant ipia, { of a volume of fluoride of sllicium, 1 volume of nuursh-gas, 2 volnmea of 
snlphydric or hydrochloric acid gas, 8 volumes of hydrogen in exoeas, 9 vedomea of 
asym in exoe^ or 11 volnmea of carbonic oxide ; 6 measnrea of aqueous vapour do 
not deatroythe inflammability of I measnre of detonating gas (H. Davy). Aoeoraiag to 
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Hanbol and G ay-L nagac (Gilb. Ann. xx. 49), theinflatamability of one Tolome of 
detonating gas ia destbK^ed by^ the admixture of 5 volumes of oxygen, or 4 '7 Tolames 
of hydrcgen gaa. Manh-gas is no longer inflammable by the electric spark, when it 
ia mixed with 11 measm^ of oxygen instead of the 2 measures which it actually 
requires to combine with it (H. Davy). Coal gas burns oontinuously in a mixture 
of 1 measure of oxygen and 7 Of nitrogen, but is extinguished when the quantity of 
the latter amounts to 8 measures ; it bums in a mixture of 1 measure of oxygen with 
3, but not with 4 measures of hydrochloric acid gas ; with 2J, but not with 3 measure** 
of carbonic acid ; with 2, but not with 2| measures of fluoride of silicium. The greater 
the density of the inactive gas, the sm^er is the quantity which suffices to stop the 
combustion ; because the combustible gas difluses itself more readily through a heavy 
than through a light g^ and therefore cools down the faster (Waldio). A lighted 
candle is extinguished in air to which i of its volume of hydroeliloric acid gas, or of 
fluoride of silicium, has been added. When combustible bodies bum in a confined 
space, the relative quantity of nitrogen, &c. Wcomes increased, partly by consuiniition 
of oxygen, partly by formation of gas<*ou8 pro<lucts of combustion, such as carimnic 
acid, sulphurous acid, &c. ; and thus the combustion is brought to an end. In one and 
the same limited space, a candle goes out first, then hydrogen gus, then sulphur; while 
the slow combustion of phosphorus will go on as long as the smallest quantity of 
oxygen remains. (H. Davy.) 

6. Solid burning bodies are extinguished when laid on good-conducting supports, 
t. g, glowing coals on considerable masses of metul. — A mixlnre of a combustible gas 
and oxygen will not take fl.re in very narrow tubes, IxM'ausc? their sides cool down t/>o 
'quickly, this is the principle of the oxy-hydrogen blow-pipo (i. 616). From the 
same cause, the flame of a mixture of combustible gases and common air is oft<ni 
unable to pass through the meshes of wire-gauze: the passage of the flame takes place, 
however, with greater facility, the lower the temperature at which the gas bikes lire, 
the greater the heat evolved by its combuHtinn, the more rpiickly it is forciKl through 
the apertures by pressure or draught, the wider the meshes, tin* smaller the mass and 
specifle heat of the metal of which the gauze is made, and t!u» higher its temperature. 
Above a certain temperature, all flames pass through it. The flame of a cotton thread 
may be extinguished by holding over it, even at some distance, a ring of lino iron wire, 
or a thicker ring of glass (Davy). On this iinpeiietrabilily of wire-gauze by the 
flame of light carburetted hydrogen gas in coul-mtiies, is based Mm of 

Sir IL Davy, which consists essentially of a eoiiirnon oil-lamp having its flume sur- 
rounded by a cylinder of wire-gauze. When this lump is taken to a part of the mine con- 
taining an explosive mixture of gas and air, the interior of tlie cylinder becomes fllled 
with a blue flame ; but this flame is not communicate<l hi the explosive mixtiiro outside, 
because it is cooled down below the burning temperature in its passage lhrou|<h the 
meshes of the gauze. (See the article Safety Lamp, in lire's Wetiuvary 0 / Arts, 
ManufacturtB, and Mines, iii. 612; also Ronald's a7id /Mtardson's CVumical TechnoltHjg, 

^ [?1 ^ 11 *) . . - , • , 

The same principle is applied in many elegant contrivances now in use in chemical 
laboratories for burning a mixture of gas and air, so as to prodiico a hot smokeless 
flame (p. 1096), the mixture of gas and uir being made to pass through a sheet of irire 
gauze, and set on fire at the other side, so that the flame cannot extend to the oriflct 
whence the gas issues. 

Motion of the air, produced by draught or by the bellows, accelerates combustion 
and increases the intensity of the heat, by continually bringing fresh portions of air 
in contact with the burning body. Very rapid motion of the air may noweycr extin- 
guish combustion, cither by the cooling — if the quantity of air supplied in a given 
time is such that the burning body cannot in the same time consume the whole of 
its oxy^n; or by blowing the burning vapour away from its source, so that the flame 
can no longer communicate with the fresh matter which issues. 

Fire-extinguishing substances act either by cooling, as wafer does, — or by covering 
the burning body and thereby impeding the access 01 air --as when a rug or other not 
CMily combustible body is thrown on a mass of light burning niaterials, or when a Are 
is choked with earth or ashes ;-or lastly by suiroiinding the burning mass with an 
stwosphere not containing oxygen. This is the principle of Phillips's If ire-annihilator , 
in which a mixture of 20 pts. charcoal, 60 pts. saltpetre, and 6 ptx gypsum, is 
set on Are by means of chlorate of potash, sugar, and sulphuric acid,^ the heat pro- 
duced by the combustion being made at the same time to convert into vapour a 
quantity of water contained in the apparatus. The result is the instanUneow pro- 
ductioo of a large quantity of steam, carbonic add and other inactive ga^ which can 
be St once directra on Ae burning mass. (See Urds Dkiionary of Aris^ Homum 


f/ctures^ and Mines, ii 212.) 

With le^od to the sfficiency of steam in extingiushiiig Ares, Mr. Graham ohservas 
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hi his “ Ih^port on the Are in the Amazon/* already quoted (p. 1094), that ** steam nm 
only he said to he efficient in extinguishing flame, or a blaze from light objects, and 
is not to be relied on beyond an early stage of a fire. Upon a mass of red-hot cinders, 
the extinguishing effect of steam is insensible/* The same is probably true with re- 
gard to carbonic acid, nitrogen, and other gases. 

Method of diminiohivg the inflammahUity cf light fabrics , — Much attention lias 
lately been deroted to the problem of rendering muslin and other light fa.bric.s non- in- 
flammable, with the view of preventing the terrible accidents, which so frequently arisk> 
from ladies* dresses coming in contact with the flame of a candle or the fire in n 
grate. This object is attained by steeping the fabric in a saline solution, and tlien 
drying it in the ordinaiy way. The fibre is thereby surrounded with a crust of in- 
combustible matter, which prevents it from taking fire by momentaTy contact with a 
burning body, and causes it, even if held in a flame, to burn with a slow smouldering 
combustion, without bursting into flame. 

Almost any salt will produce this effect, but the greater number are unfit for appli- 
cation to articles of dress, because they injure the texture, rendering the fabric harsh, 
and destroying all its beauty. The salt which is found to answer most completely all 
the required conditions, is the neutral tungstate of sodiam. Muslin stcepoci in a 
solution containing 20 per cent, of this salt is perfectly non-inflammable wlion dry, 
and the saline film left on its surface is smooth and of a fntty appearance like talc, 
and therefore does not interfere with the process of ironing, but allows the hot iron to 
pass smoothly over the surface. The non-fulfilment of this latter condition com- 
pletely prevents the use of many other salts — such as sulphate and phosphate of 
ammonium, which are otherwise efficacious in destroying inflammability — for all 
fabrics which liave to be washed and ironed. 

The use of the tungstate of sodium for this purpose offers but one difficulty, viz. the 
formation of an acid tungstate of little solubility. This inconvenience may, however, 
be obviated by the addition of a small quantity of pliosphoric acid or phosphate of 
sodium. The best way of preparing a solution of minimum strength for the purpose, 
is to dilute a concentrated solution of the neutral tungstate with water to 28® Twaddell, 
and then add 3 per cent, of phosphate of sodium. Tlie solution is found to keep, and 
to answer its purpose well; it is now oonstantiy used in Her Majesty’s laundry 
(Vei^smann and Oppenhoim, Communication read before the liriiish Association 
at Aberdeen^ 16th Sept. 1869 ; Phanu. J. Trans. J2] i. 385), The use of phosphate of 
ammonium for preserving light fabrics from ignition was proposed, many years ago, by 
Gay-Lussac. 

COMBirA.llSllTBAXra. Syn. with Comknamats of Ethyi.. 

OOMSlTAimO A.orD, + + (How, 

Ed. Phil. Trans, xx. [21 226 ; Ann. Ch. Pharra. lixx. 65.) — This acid is produced by 
the dehydration of acid comenate of ammonium, H*0«C*H*NO^ Jt 

may be prepared by heating the salt to 199® C. in a sealed tube, and precipitating 
the aqueous extract with hydrocliloric acid ; or better, by boiling aqueous comenic 
acid with excess of ammonia till nearly all the ammonia is expelled, collecting on a 
filter the grey argillaceous sediment of comenamate of ammonium and colouring matter, 
and dissolving it in hot water ; decomposing the solution with hydrochloric acid not in 
excess; and purifying the precipitat^ dark brown scales of impure comenamic acid 
by repeated crystallisation from h<J^ater, and treatment with animal charcoal free 
flrwm iron. The crystals contain 2 water (18*81 per cent.), and give it off at 

100® 0. They dissolve sparingly it^Sld, more freely in hot water, forming a solution 
which reddens litmus strongly. Tlie acid dissolves in boiling alcohol of ordinaiy 
strength, but is nearly insoluble in boiling absolute alcohol. 

' The acid is decomposed by boiling with potash^ yielding ammonia and comenate of 
potassium. It dissolves readily in hydroctdoric acid and other strong mineral acids, 
and is precipitated therefrom by ammonia in quantity rather less than sufficient fbr 
saturation, as comenamate of ammonium. 

Comenamic acid is monobasic, the normal salts being C*(H*H)NO^ There are also 
several basic salts. The ammonium-sali, C*H\NH*)NO* forms small grains made up 
of delicate needles nearly insoluble in cold wat^ ; their solution reddens litmus. The 
potassium^ and sodium^salU ciystallise readily and redden litmus. The normal barium- 
aalit Ba'*(C*H^NO^)*, obtained by mixing a solution of the crystallised ammonium-salt 
with chloride of barium, forms ciystals with 1 at. water, which redden litmus. A basie 
barium^salt^ Ba*(C*H^NO*)* Ba**H*0* + H*0, is formed, by mixing chloride of barium 
with an ammoniacal solution of comenamate of ammonium, as a white heavy pre- 
cipitate. which givee offits-water (2*88 per cent) at 100® C. The aqueous acid left in 
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contiict with carlioiiate of barium forms the normal or the basic salt according to the 
relatiTe quantities. With it forms two salts of similar constitution. 

The ammonium-salt forms, with acetate of /earf, a heary insoluble precipitate^ 

Gomenamic acid imparts ferric saJts a deep purple colouring, which la destroyed 
by mineral acids, but reproduced by water. 

The crystallised ammonium-salt forma a grey precipitate with sulphato of copper. 

The ammonium-salt super-saturated with ammonia forms, with nitrate of fifver^ a 
yellowish flocculent, quickly bhickcniug precipitate ; and the crystullivsed ammonium- 
salt forms a white gelatinous precipitate, which is partially decomposed by boiling 
water. 

Comcnamate of Ethyl^ Conimamh ithr, ComaMimethane, C"n"NO* — 
C*H*(C*H*)NOV (How. Ed. N. Phil. J. i. 212.) — ^AVlicn a solution of coinenaraicaeid in 
absolute alcohol is treated with dry hydrochloric acid g»w, nnd the liquid subsequently 
eraporate^ there remains an oil which dries up at 100^ C. to a solid mass, ami when 
dissolved in alcohol, yields a hydrochiornte of eomenamic Hher^ C*IPN0M1CI + H^O; 
and on treating this compound with oxide of silver, or with anunonia (not in excess), 
comenamic etber is obtained in needle-shaped cryatuls containing I wafer, which 
they give off at 100° C., leaving the auliydrons ether. — When the solid mass alxjvo men- 
tioned is treated with water, eomenamic acid remiiins undisHolved, and another jx>rtioii 
of that acid separates as a crystalline jMwder from the solution, which contains liydi-o- 
ehloric acid. 

The ether is neutral ; melts to a yellow Ii(|uid w'lien heated ; is not altered W 
animonia in the cold; and is coiiverttnl by nitric acid into oxalate of ammonia. It 
dissolves sparingly in cold water, readily in hot wate r and in mineral acidst **pft**ingly 
in absolute alcohol. 

A compound of this ether with h^drhdio add is obtained by heating iodide of 
ethyl with a solution of eomenamic acid in alwilute alcohol to 150° C,, in scaled tubes. 

COMnno AOX]». C*H‘0*=. [o’, or C'V/*0‘« =. C*/J»0*.2W0. Pa- 

romeconie acid, Anhydrons Meconic acid.^^{\\oh\(\\\ci, Ann. CU. Phys. [2] U. 326; 
liii. 428. Liebig, Ann. Cb. Pharm. vii. 237; xxvi. 116. StenbouMc, Phil. Mag. 
[3] zxv. 196. H. How, £d. Phil. Trans, xx. [2] 225. Urn. xi. 328. Gorli. ii. 182.) 

Comenic acid was discovered in 1832, by Jlobiqiict, who at first roganlisl it as anhy- 
drous meconic acid ; it was afterwards recognised as a di.stinct acid by Liebig, who Hrst 
observed the formation of carlmnic acid which Hccompanics the c*onvcrsion of ineconio 
into comenic acid. It is piwluced; 1. lly heating mrc >nic .-icid to temperatures 
between 120° and 220° C., the change being atteinled with evolution of carbonic anhy- 
dride: 

C*HK)» - + CO». 

2. By continued boiling of meconic acid dissolved in water or in hydrochloric acid, 
likewise with evolution of carbonic acid. (Kobiquot.) 

Preparation . — Meconic acid or its pottissiiim or barium-salt, is lK>ile(l with a strong 
mineral acid; or meoonate of calcium is boiled with highly concentrated hydrochloric 
acid (Stenhouse) ; or acid meconatc of potassium, produced by treating crudo neutral 
raeconate of calcium with veiy dilute hydrochloric acid, is lieatcd with as much strong 
hydrochloric acid as is requir^ to dissolve it (How), and the solution is left to crystal- 
lise. When the mere aqueous solution of tli<> acid is boiled, too large a quantity of 
browu secondary product is formed. (R o b i q u e t, Liebig.) 

To purify the product, the still rc^ldish m’stals are dissolved in a slight excess of hot 
concentrated potash ; the solution is filtered hot to separate a small quantify of lime ; 
the white nodules which form on cooling are washed with a small quantity of cold 
water, till the strongly coloured mother-liquor is removed, then boiled with excess of 
hydrochloric acid ; and the comenic acid which m^parates on cooling is freed from 
Iwdrochloric acid by two or three recrystallisations from wafer. The still remaining 
bulge of red may be removed by treatment with animal charcoal (Stenhouse). Or, 
the impure acid is dissolved in a quantity of boiling ammonia just suiHirient to dis- 
solve it (an excess, as well as continued bmling, causes the liquid to turn brown), and 
filtered immediately at the boiling heat ; the yellow cty'stals which se|Mtrate from the 
dudt filtrate when left at rest, are washed with cold water and redystallised from 
hot water ; their pale-yellow aqueous solution is mixed with strong hycuochloric acid ; 
and comenic acid, which is precipitated in the form of a white or pale yellow powder, 
is oystaUised from boiling water. 

PvoperHei . — Comenic acid forms anhydrous prisms, lamime, or granules, having a 
veiy mint y^wish colour, requiriim more than 16 pta of boilinn water to dmMV6 
them ; sparingly soluble in hydrated alcohol, but insoluble in absolute aloohot 

Deoompoemone, — 1. The acid, when suljected to dry distJUatiou, behaves like 
meconic SfCid (Bdbiqnet). When comenic (or meconic) acid is quickly heated in a 
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retort, above the temperature of 200^ to 220^ C., at which pyromeconic acid would be 
formed, but not till complete carbonisation takes place, an acid yellowish watery 
liquid passes over, ha^ng a faint empyreumatic odour ; and there remains a blackish 
crey, poroi^ carl^naceous mass, from whose ammoniacal solution, after filtration, 
nydrocblonc acid throws do^ thick dark green fiakes, which, if exposed to the air 
after^ w^hing with water,^ shrink up to a substance resembling glanee-CQ<d in appearancp, 
and in its chemical relations agreeing perfectly with metagallic acid (Winckler, 
Repert 59, 42). — 2. Comenic acid suspended in water through which a stream of 
chlorine gas is passed, forms a solution of chlorocomenic acid, which mystallises out 
after a while, and oxalic acid, which remains in solution : 

C*H*0» + Cl» - C*H»C10» + HCL 

The oxalic acid and a brown colouring matter which forms during evaporation mu^t 
be regarded as secondary products (How). — 3. Similarly, the colourless solution of 
comenic acid in bromine-water yields bromocomenic acid which crystallises, and oxalic 
acid (How). — 4. Nitric acid, even when very dilute, converts comenic acid into 
carbonic, bydrocyamc, and oxalic aci<k; and if the nitric acid is tolerably strong, and 
heated at the beginning of the action, the process is complete in a few minuU's 
(How). — 6. Strong sidphuric acid acts upon comenic acid in the same manner as on 
meconic acid. (Robique t). — 6. The acid dissolved in water and boiled with excess of 
ammonia till nearly all the ammonia evaporotes, forms a black-red liquid, which, on cool- 
ing, deposits impure comenamate of ammonium as a grey viscid sediment. (H o w, p. 96. ) 

OoKBVATBS. — Comenic acid is dibasic, forming neutral or normal salts, 
and acid salts, G*H’MO^ The neutral comenates of the alkali-metals cannot bo 
obtained in the solid state. 

Acid Comenate of Ammonium, C*H’'(NH^)0*, is obtained in How’s process for 
purifying comenic acid. The aqueous acid slightly supersaturated with ammonia, 
and evaporated in vacuo over oil of vitriol, yields four-sided prisms having a yellowish 
tinge; they give off 9*04 per cent. (1 at.) water at 100° C. (Sten house). The salt 
forms white square prisms having a very strong lustre ; they redden litmus even when 
they separate on cooling from a hot solution of the acid in excess of ammonia. They 
do not give off anything at 177® C., but at 199®, in a sealed tube, they melt and are 
converted into a black mixture of charcoal and comenamate of ammonium ; their 
aqueous solution is also converted into this salt by continued boiling with ammonia 
(p. IlUO). They dissolve readily in boiling water, sparingly in alcohol. (How.) 

Comenates o f Barium, a. Nmfral, (at 121® C.). — Chloride 

of barium mixed with a solution of the acid in excess of ammonia throws down imme- 
diately — or in very dilute solutions, after some time only — yellowish quadratic needles 
united in concentric groups. These crystals do not lose water at 100° C., bat at 121®, 
they IP VO off 19*03 per cent, water, and if then heated to redness in the air, burn 
away in a fiery cloud. They do not dissoh’^e in boiling water, but when boiled with 
it^ are converted into a basic salt, which does not give off water at 121® C., and con- 
tains 64*5 per cent, baiyta. (How.) 

S, Acid salt. C**H®Ba"0*® (at lUO® C.). — ^The free acid does not precipitate barium- 
salts (Sten house). The salt is produced when baryta is boiled with excess of the 
acid. Chloride of barium mixed with a cold-saturated aqueous solution of the crys- 
tallised ammonium-salt immediately forms a crystalline precipitate, and with a more 
dilute solution, gradually deposits transparent crystals, which give off their 20*86 
per cent, (somewhat more than 3 at.) w^ter at 100® C., and melt at a stronger heat. 
(How.) > 

Comenate of Calcium, a. .ysttjKE/. C*H*Ca"0* + H*0 (at 121® C.) — The acid 
supersaturated with ammonia, preci|Qfites from chloride of calcium, if the solutions 
are satorated, very short prisms, whiefi give off 18*20 per cent. (| at) water at 121® C., 
and when the solutions are dilute, small shining crystals, which at 121® give off 31*37 
per cent (64 at) water. The two kinds of crystals are insoluble in water, but become 
basic when bolM with water. 

Acid salt, C**H*Ca"0** (at 121® C.) — A mixture of chloride of calcium and a cold 
saturated ac^ueous solution of the cxystalline ammonia-salt, quickly deposits trans- 
parent, shining;, riiombic crystals, which nve off their water riowly at 100®, but the 
whole, amounting to 26*16 per cent (| at) at 121®. They dissolve'readily in boiling 
water, and eiystallise therefrom on cooling. 

Comenate of Copper, C«HK?u"0* + H»0 (at 100® C.) — The dark green aqueous 
mixture .of euprie sulphate and comenic acid (or the crystallised ammonium-salt, ac- 
cording to How) deposits, after a few minutes, elongated pyramids having the colour 
of Sehweinfrirt green. No acid comenate of copper appears to exist (How.) 

Comenates of Iron, Ferric Comenate, Fe*0*.4C*HH>* +8H^, or [if fe — 
fFe] ■■ ^0.2C**HyV’0** + 6H^ (at 100® C.}— Comenic acid imparts a bright zed 
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eoI<Nir to feme flalta. The blood-red mixture of ferric sulphate with a cold- 
aaturated soiatioii of comenic acid or its ammouiacal salt, becomes paler by loiio 
standing, and deposits smaQ pitch-blnck, shining, very hard, nearly tasteless ciystals, 
which grate between the teeth, yield a dark brown powder, and dissolve slowly both 
in cold and in hot water, forming a pale red solution. (Sten house.) 

• The red mixti^ of aqueous comenic acid with ferric sulphate, becomes dark yellow 
at 66° C. (and gives off carbonic acid, ^cording to How), by conversion of all the 
sesquioxide of iron into protoxide at the^ expense of the acid, part of which at first 
remains undecomposed, so that a fresh portion of ferric sulphate again produces 
reddening. This colour, however, disappears when the liquid is digested for twelve 
hours with excess of ferric sulphate, in oousi*quonce of the complete conversion of co- 
menio acid into another acid; hence the no longer red liquid deposits small, pale 
yellow, shining crystals of a ferrous salt (prolmbly ferrous oxalate, as the liquid cou- 
taius oxalic acid, according to How), which bum away wlien heated, and dissolve 
sparingly in water ; the acid of these crystals extracted by potash no longer reddens 
ferric salts. (Stenhouse.) 

Comenaie of Lead. — The acid and its ammonia-salt form with neutral acetate of 
lead a yellowish white granular precipitate, soluble in excess of comenic acid, but not 
in acetic acid. (Stenhouse.) 

A lead-salt examined by liobiquet contained 64*1 per cent, oxide of lead. 
Comenates of Magnesium, a. Neutral. C*lPMg"0* + JH^O (at X00<» 0.)— 
Sulphate of magnesium forms with the acid satursted with ammonia, especially when 
the mixture is stirred, hard, closely adhering, crystalline grains, consisf iiig of short mi- 
croscopic needles. These crystals heated to 100°, slowly give off 20*50 per cent. 
(4 at.) water; and if then kept at 121° for four days, they give off such a quantity 
1 nearly J at.] that the residual salt contains 21*30 per cent, magnesia, atid is there- 
fore not, quite anhydrous. They aro not soluble in boiling water. (How.) 

jB. The acid salt, C”H*Mg"0’^ + H*0 (at 100° C.), crystallises, after a while, from a 
mixture of sulphate of magnesium with the co1d-saturate<l solution of the crystallino 
amnionia-salt, in small rhombs, and from more dilute solutions, on evaporation, in 
larger ciystals, which are strongly acid, give off 22*08 per cent. (3 at.) water at 116°, 
and dissolve readily in hot water. (How.) 

Comenic acid does not precipitate mercuric chloride, (Stenhouse.) 

Comenates of Potassium, a. Neutral-. C*H*K*0*. — The aqueous add half 
neutralised with potash, so as to form the mono-potassic salt, yields no precipitate, but 
when completely neutralised, deposits the sparingly soluble dipotassic salt. In this 
espect^ comenic acid is opposite to meconic acid, the acid potassium-salt of which is 
the less soluble of the two. (Hobiquet) 

Acid salt C*H*KO** — ^The acid, dissolved in a slight excess of boiling potash-ley, 
yields ciystals on cooling, which, after wasliin^ with cold water, crystallise ftom hot 
water in short, square, anhydrous needles, which redden litmus. (II ow.) 

Comenates of Silver. — The neutral salt C*H*Ag*0‘, is obtained by exactly pre- 
cipitating a solution of nitrate of silver with comenic acid neutraliserl with ammonia. 
The thick yellow nrecipitato does not detonate when heated. (Liebig.) 

The acid salt C*H*.^0^ is the precipitate (white, granular, or Hocculent, according 
to Stenhouse) which the free acid produces in solution of nitrate of silver. (Liebig.) 

Comenate of Sodium. — The solution of the acid in tolerably strong boiling soda- 
ley yields, on cooling, nodules and prisms, which, after washini^ with a little cold water, 
ciystalJIse from the smallest possible quantity of hot water, in acid, anhydrous, four- 
sided prisms, containing 17*09 per cent, soda, and therefore « OH*NaO*. (How.) 

Comenaies of Strontium. — The neutral and acid salts closely resemble the cor- 
responding barium-salt, but are more soluble. 

Substitution-derivatives of Comenic Acid. 

Bbomocomskio Acid. C*H*BrO*, (How, /«?. orY.) — The colourless solution of 
comenic acid in a slight excess of bromine-water deposits, after a fow^ hours, ody, 
Mlooriess, shining, strongly refracting; four-sided prisms, which dissolve in water ud 
in alcohol less easdy than chlorooomenic acid ; they give off their water of mystaliisa- 
tion at 100° C. 

The acid is decomposed by nitric acid^ yielding hydrqbromu^ carboni^ hy^bocyani^ 
and oxalic adds. With cine and water it decomposes like ohloiDcomenic add. 

Bromoeomenic is dibasic, like comenic acid. The acid bremaoamsfuttes of ommofrium, 
potassium, and sotUum m mystaUisable ; the first erystalliasa in long needles. The 
nentral salts of these bases are not obtainable. 

The neutral bromoeamcPuUss of barium sad eaMum m amoipliow and insolabls; 
the aeid salts are very easily solnble. 

Yoh. L 
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COMENid ACID. 

- The solution of the acid in a slight excess of ammonia yields, witih nitrate of silver, 
neutral bromoeamenate of silver in the form of a yellow precipitate haring the con- 
sistence of clay when ; and the solution of the acid in warm water forms with 
nitrate of silver, flakes of the add salt^ C^H^AgBrO®, which crystallises firom boiling 
water in short shining prisms. 

ChiiOBOOOmbnio AciUi C®H*C10*. (How, loc. Obtained bypassing 

chlorine through water in which pulverised jcomenic acid is suspended, washing tlie 
crystals which separate with cold water, and rec^stallising from hot water,— or by pass- 
ing chlorine into cold water saturated with acid comenate of ammonium ; the liquid 
then acquires the colour of chlorine-water, and gradually deposits ciystals of chloro- 
comenic acid, which increase on addition of hydrochloric acid, and may be purified 
as in the first process. Tiie mother-liquor becomes continually browner, and still 
deposits brown crystals of the acid. 

The crystals are long, colourless, shining, four-sided prisms, -containing 12 -4 7 per 
cent. (I at.) water, which they give off at 100° C. They dissolve both in cold and 
in hot waicr^ more readily than comenic acid ; very easily in warm alcohol. 

The acid melts when heated, blackens, gives off a large quantity of hydrochloric 
acid, and at last yields a small crystalline sublimate, probably consisting of para- 
coraenic acid. By nitric add it is quickly converted into hydrochloric, carbonic, hy- 
drocyanic, and oxalic acids. Its aqueous solution, treated with zinc, slowly gives ofi 
hydrogen, and afterwards contains hydrochloric acid and oxide of zinc. 

Chlorocomenic acid is dibasic, forming neutral saHst C*BCDkI*C10®, and add salts^ 
C<*H*MC10*. 

The chlorocomenates resemble tho comenates, but dissolve more readily in water. 

The acid chlorocomenates of ammonium, potassium, and sodium crystallise readily 
The neutral salts are not obtainable. 

The ammonium-salt forms with chloride of barium and chloride of ceddum, bundles 
of needles which appear more or less quickly, according to the degree of concentration ; 
with sulphate of magnesium^ it gradually forms a few crystals ; and with cupric sul- 
phate, immediately, a crystalline precipitate. The neutral chlorocomenates of these 
bases appear to be all amorphous and insoluble. 

The acid colours ferric salts deop red, like comenic acid. 

8Uver^8alts, a. Neutral. — The acid dissolved in a slight excess of ammonia forms, 
with nit^te of silver, yellow amorphous flakes, which, after drying, resemble clay in 
appearance, consistence, and tenacity. The salt dried at 100° C. contains 66-85 per 
cent, silver, and is therefore Wlien ignited in the air, it leaves silver, 

together with a small quantity of chloride of silver ; when boiled with hydrochloric 
acid, it remains partly uiidecomposed. It is insoluble in boiling water, but dissolves 
in nitric acid, f^m which, if heated with the salt, it separates cyanide of silver. 

6. Acid. — The warm aqueous acid added to solution of nitrate of silver throws 
down feathery ciystals, which, after washing with cold water, separate from boiling 
water in short shining needles. These crystals off 4*44 per cent* water at 100° C. 
When ignited, they leave silver and chloride of silver. 

ETHvnooMBNio ACID. * C*H*(C“H*)0* (How, loc. dt.). — To prepare 

this acid, di^ hydrochloric acid gas is passed through absolute alcohol in which pulverised 
comenic acid is susj^nded, till the acid dissolves, which takes place slowjiy ; the clear 
liquid (which deposits nothing on addition of water) is evaporated at a temperature 
buow 100° C.; the crystalline res^ifo is maintained at this temperature, till it no 
longOT smells of hydrochloric acidjj|^ then left to c^stallise by cooling foom its solu- 
tion in water at nearly 100°. OrStlverised comenic acid, heated with alcohol and 
iodide of ethyl in a closed vessel temperature above 100°, forms a granular deposit 
consisting of an acid not yet examined, and ethylcomenic acid, in nee^c^sbaped 
crystals, which may he separated and purified by reciystallisation. Bimilar products 
are obtained by heating a mixture of comenic acid, alcohol, and chloride of amyl to 
160° for 12 hours. 

The acid forms large square needles, which begin to evaporate at 100° C. ; melt at 
136° into a clear brown-red liquid, which solidifies again in the crystalline form on 
cooling ; and if kept for a longer time at 136°, sublime in long flat unaltered needles, 
having the same composition. It is veiy soluble in water and alcohol, and reddens 
litmus ; Ihe aqueous solution coagulates ^bumin. 

. The acid may be boiled for a short time without alteration, but if boiled for a longer 
time," it yi^ds me comenic add. With aqueous solutions of the fixed even 

in the cold, it verj quickly forms salts, and yields free ^cohoL 

When ammoniaeat gas is passed through a solution of the add in absolute alcohol, 
the ammonia salt is deposits in yellow sOky bundles of needles, which give off am* 
taonia in dry air, and almost completely in vacuo over oil. of vitiio^ leaving ethyl- 
somenic adi 



COSiftONlTE — CONCfiETIONS. 

The acid imj^rtii a deep red colour to/<?mc salts. Ita silwr-sali ie gelatlnoua, aud 
decomposes very quickly, even in the dark. 

OOBCTTOlfZXa. See Thomsonxtb, 

OOWOSJM WJRJLTZOir. A process which has for its object to increase the amount 
of a dissolved' substance in a liquid, relatively to the quantity of the solvent, without 
adding any more of the dissolved substance itself. When the solvent is volatile, this 
object is effected by evaporation, as when water, alcohol, or ether is expelled from a 
solution by heat, by exposure to the air, or in vacuo. If the dissolved substance is 
more volatile than the solvent, the concentration is effected by distillation, tlie more 
concentrated liquid being then found in the distillate, as in the rectification of hydrntt»d 
alcohol and of volatile oils dissolved in water. In the case of aqueous liquids, coiiccn* 
tration is sometimes effected by freezing out the water; in this manner, a strong solu- 
tion of salt maybe obtained from sea- water; strong spirit from vinous liquids, &c. 

A similar principle is applied to the separation of silver from lead. The argenti- 
ferous lead is melted and left to cool, till about two-thirds of the mass is solidified ; 
this consists of nearly pure lead, the portion wliich still remains liquid being an alloy 
richer in silver than the original muds. Jly repeating this operation sovenil times, the 
alloy at last becomes sufficiently rich in silver to bo treated by cupellation. 

COirOBZOZiZM'* An organic constituent of the shells of certain molluscs, first 
observed by Fr<Smy. It closely resembles keratin, or epidermose ; does not yield gelatin 
by boiling with water, even under strong pressure; is insoluble in water, alcohol, ether, 
acetic acid, dilute mineral acids, and potash-ley. It contains 60 per cent carbon, 
6 hydrogen, and 16 to 16*7 nitrogen, a composition very near to that of epidermose ; 
whether it contains sulphur does not appear to have boon made out A similar sub- 
stance, but containing only 12 or 13 per cent, nitrogen, w'as found by Schlossbergex in 
the byssus of acephalous molluscs. 

COWOlUBTZOiarSf AmsCaA. This term is applied to all deposits in the animal 
boiiy which are destitute of distinct orgtinlc structure. They are almost always of 
ninrliid character, a few only, as the brain-sand (the sabulous matter of the pineal 
gland), the crystals in the audito^ oigans of most animals, and in the vertebral 
coliiinn of frogs, appearing to occur in healthy animals. 

Concretions ore formed : — 1. In tlio liquid secretions, as urinary, salivary, and biliary 
calculi, concretions in the stomach and intestines, in tlio lachrymal ducts, the cavity of 
the nose, the sebaceous glands of the skin (gouty concretions), &c. — 2, In the cellular 
tissue of the oi^ans, os in the brain, heart, veins, lungs, and indeed in all parts of the 
body. These latter are formed by the gradual transformation of othc?r morbid products 
the animal matter of which is gradually absorbed, whilo the inorganic sul>stanee 
remains, and is often increased by addition of fresh de[K)sits. All coneretions of this 
kind have n veiy similar, indeed almost identicul, constihition, consisting of a base 
sometimes prodominant, sometimes subordiiipte, of coagulated fibrin, with de[x>sits of 
phosphate and carbonate of calcium, anitnoiiio-mngnesian phosphate and carbonato of 
magnosium, in variable proportions. Another class of concretions allied to those last 
mentioned, are the so-called asteromatoso deposits in the coatings of the arteries, 
especially of the aorta. They are sometimes, but not always, associated with calcareous 
deposits, and form layers of yellowish -white colour, and very slight consist'^nce. 
They consist mainly of ciystallino deposits of cholesterin. 

The essential constituents of animal concretions are . 

Uric acid and its salts. 

Xanthin and cystin. 

Hippurates and benzoates. 

Cholesterin and fat. 

Bile-Figment or cholochrome. 

Fibnn. 

Phosphate of calcium ; ammonio-magnesian phosphate ; oxalate of calcium ; 
carbonate of magnesium. 

The following substances occur as cements or less essential constituents : urinaiy 
and (^-bladder mucus, albumin, blood-red, the biliary acids, animal matter of inde- 
terminate character, and sometimes soluble salts. 

The chemical analysis of animal concretions must always be preceded by an examina- 
tion of their physical structure. They are veiy often made up of concentric layers of 
substances dififering in chemical constitution, so that it becomes neceanoxy to make a 
separate analysis of each layer. ^ , ' 

As renieets their behaviour when heated, concretiona are djstingtiished as^l. Per- 
ff^y sombustible. — 2. Fartially co7nhu»tihf4^.^Z. InsonUmstihle. Their special chemical 
chataeteis are given in the following tables. (Handw. d. Chem. ii. [2] 171.) 

4 b2 
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11 10 CONDENS^ION — CONGLOMERATE, 

OOmnniATlOir* This term, in iti most general sense, implies bcrease ef 
density, but it is often restricted to the passage of a gas to the liquid or solid state. 

COVBROBXTB. See CHONDnoDiin. 

COXTBimXTXL A mineral containing copper and arsenic, originally obtained 
ftom the Condurrow mine near Helstone, in Cornwall ; since found in the Huel Druid 
mine, near Rednith; also in mines at Coquimbo and Copiapo, Chili. It forms amor- 
plmus, roundish, flattened nodules, with flateonchoi'dal fracture, brownish-black colour, 
bluish-black on the outer surface, opaque, dull or with glimmering lustre; streak me« 
taJlic ; powder brownish-black ; soft. Specific gravity, 4*2-“5*2. 

Condurrite has been frequently analysed, but with very variable results ; in fact it 
appears to be a mixture resulting from the alteration of Domeykite (Cu*Aa®), and 
mainly consisting of a hydrated cuprous arsenite mixed with small quantities of man- 
gauese, sulphur, iron, and silica. (Kopp, Handw. d. Chem. ii. [3], 173.) 

COROXiOllf BRATS. A geological term applied to masses of rounded fragments 
of older rocks held together by a cement ; i^ on the other hand, the fragments are for 
the most part sharp-edged, the mass is c^ed breccia. Conglomerates are distin- 
guished as quartzose, ^eareous, dolomitic, granitic^ syenitic, &c., according to the 
nature of the component fragments ; the cement may be siliceous, calcareous, or aigilla- 

GBOUa. 
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ACSTTliBirB. A gaseous liyilrocarbon, which appears to bare hm 

first obtiiiDftd by E. Davy (Records of gon. Sci. Nov. 1836; Gm. viii. 160), 
though in an impure state, by the action of water on the black substance which 
passes over in the preparation of i^otassium ; but its preparation in the pure 
state, and indeed the establishment of its existence ns a detinit e compound, is due to 
Rcrthelot (Institut, 1859, p. 410; 1860, p. 565 ; Rq). Chiiu. pure, ii. 222; Ann. Ch. 
Pharm. exv, 116), who obtained it by passing ethylene-gaS, or the vapour of ether, 
alcohol, aldehyde, or wood*spirit, througli a riHi-hot tube, and by the action of red-hot 
copper on chloroform. Ether yields it in largest quantity, but by whichever of the 
preceding methods it m produced, it is always iuIxcmI witli a considerable quantity of. 
other gases, and requires to be purified by passing tlie gaseous mixture into an 
ammoniacal solution of cuprous chloride ; a red precipitate is then formed which, when 
decomposed by hydrochloric acid, yields pure aeetyhme. 

Berthelot has lurther sho\^m that acidyleno is oiio of the constituents of coul-gas, and 
that it may be formed by the direct combination of carbon and hydrogen, viz. by 
passing hydrogen gas over charcoal, heated to whiteness by the piissage of the electric 
arc. 

Acetylene is also produced : d. By the action of alcoholic potash on mono1)romethy- 
lene (vol. ii. 569), C*H*Br - IlBr == C*II* (»Sawitsch, Compt. rend. lii. 157), or on 
bromide of monobromethylcnc (C'‘IPBr*), bromacetylene, C*IIBr, being formed nt the 
same time (Reboul, Ann, Ch. rharm. exxiv. 2G7).~5. By pa.ssing the vapour of 
monobrometliylene into an ammoniacal solution of nitrate of silver, in which caso a 
precipitate is formed consisting of the silver-conqiound of aeefyhuie (more 

probably C*HAg), which, when treated with dilute hydrochloric aci«l, yields acetylene 
(Miasnikoff, Ann. Ch. Pliann. cxviii. 330).— r. By heating monobromcthyleno with 
ethylate or amylate of sodium, the products being brornido of sodium, ethylic or amylio 
alcohol, and acetylene. (Sawitsch, see vol, ii, p, 5G9.) 

C H»Br + C*H'*NaO - NaBr + + CUW 

Broineihyleae. Amylate of An y Me Acetylene, 

lodium. alDihol. 

d. When a mixture of marsh-gas and carbonic oxide is passed through a red-hot tuba. 
(Odling.) 

CH* + CO = C’lP + n*o. 

Acetylene is a colourless gas of s|K*eiflc gravity 0*92, having a peculiar and 
unpleasant odour, moderately soluble in wufer, not eondensed liy cold or pressure. It 
bums with A very bright and smoky flame, 1 vol. acetylene consuming vol. oirf/gifif 
and producing 2 vol. carbonic anhydride. When mixed with ckhrine^ it dctoiiatca 
almost instantly, even in difiTused daylight, with separation of charcoal. 

Acetylene unites with copper and with si/rvr, forming detonating eompoundo, 
which are produced on passing tlio giis into the ammoniacal solutions of cuprous 
chloride and nitrate of silver respectively. The copper-compound is red, the silver* 
compound grey ; both aredecomix>sed by hydrochloric acid, with separation of acetylene. 
Acetylene mixed with air, and in presence of moisture, rapidly attacks metallic copper. 
The gas is absorbed and the copper becomes coated with a black de|Mit which 
violently when heated. The formation of this substance (acctylide of eojpper 
mixed probably with enproua oxide) is doubtless the cause of the dangerous explosioiii 
which betimes occur in the cleaning out of coj^r gas-mains after long use. (CrOTi, 
Compt, fend. Iv. 435 ; J. pr. Chem* Ixxxvii 121.) 
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Acetylene unites with tod js oonveitid into ethylene C*S* ThJ* 

change is brought about by subjecting the copper-compound of acetylene to the action of 
hydrogen evolved by the action of eilm on aqueous ammonia; the hydrogen oT^dved 
from acid liquids does not produce this reaction. 

Acetylene unites, like ethylene, with bromine, oc/tf, and the elements of 

water, forming with bromine the compound C*H*Br®, with sulphuric acid, acetyl-snl. 
phuric acid G*H*.H='S01 and with the elements of water, acetyl-alcohol C*B* 
H*0 « C*HK). (Berthelot.) 

AeetyUeulphurio acid, C*H^SO^ is produced by brisk and long-continued agitation of 
acetylene with stiong sulphuric acid, if the liquid be then carofidljr diluted, saturated 
with carbonate of barium, and the filtrate evaporated, aoetyl-suiphate of barium is 
obtained in ciystals. (Berthelot.) 

Acetylic alcohol, C*H*0 ■■ H.O, is obtained by distilling and rectifying the 
acid liquid just mentioned, as an easily decomposible liquid resembling acetone, but 
having an extremely pungent odour. It is somewhat more volatile than water, and is 
separated therefrom by carbonate of potassium, but apparently not by chloride of 
calcium. (Berthelot.) 

Bromacetylene, C^HBr. (Beboul, Compt. rend. Iv. 136.) — Produced by the 
action of alcoholic potash on dibromide of dibromethylene : 

C*H*Br*.Br» - HBr - Br* - C*HBr. 


Also, together with acetylene and dibromethylene, by the action of boiling alcoholic 
potash on dibiomide of monobromethylene. 




C»H»Br.Br* 

HBr 

« C*H*Br*. 





Dibromethylene. 



e»H*Br» 

HBr 

= C*HBr. 





Bromacetylene. 



C*HBr.Br» - HBr - 

Bri 

« c*m 





Acetylene. 


It is spontaneously inflammable, liqucfles under a pressure of three atmospheres, is 
soluble in water, and ve^ soluble in dibromethylene, whereas acetylene is much less 
soluble in that liquid. This property may be rendered available for the separation of 
acetylene and bromacetylene. 

It unites with hromiwr, forming the dibromide of bromacetylene, C*HBr* «• 
C*HBr.Br*. When passed into ammoniacal solution of cuprous chloride, it yields a 
precipitate of cuprosacetylone, C*H*(Cu*y'. 

2C«HBr + 3(Cu»)"CP - C«H*(Cu*)" + Cu'Br» + 3Ca"Cl*; 
which, when treated with hydrochloric acid, yields a gas having the composition and 
most of the properties of Berthelot's acetylene, but differing somewhat in us behaviour 
to bromine, with which it yields the compound OH*Br^,and a small quantity of C*HBr*. 


C*H*. This compound, homologous with acetylene, is produced, 
in like manner, by the action of ethylate of sodium on monobromotrltylene, C*H*Br. 
The materials are made to react in a scaled flask, and on opening the well- 
cooled vessel, a large quantity of gas escapes, which, when passed into an ammo- 
niacal solution of cuprous chloride, produces a yellow precipitate. Tliis precipitate 
decomposed by hydrochloric acid jm^lds pure allylcne, a colourless gas, having an 
unpleasant odour, burning with a smS^'flame, and forming with mercuroue ealta a dark 
grey precipitate, and with ailver saffs|||nrhite precipitate which detonates when heated. 
The copper compound above mentioned burns with a reddish flame, and is decom- 
posed with incandescence by bromine. (Sawitsch, Compt. rend. lii. 399 ; Ann. Cb* 
Pharm. cxix. 185.) 

AUylene is also produced by passing the vapour of bromotritylene into a hot oon 
enntrated alcoholic solution of potash. The thus evolved forms in ammoniacm. 
silver-solution, a precipitate consisting of a dork yellow compound, silver-acetylem^ 
and a heavier white compound which is ailver^ylene, C’H^Ag*. The ^ evolvai l 
from this compound by the action of hydrochloric acid, forms with bromine on oily 
liquid, which ^ils, with partial decomposition, between 180^ and 200^ C., and 
the composition of a mixture of C*H^Bri and (Morkownikoff^ Bnfl* 

Soc. Chim. 1861, p. 90.) 


, Cs. Atomic — A metal belonging to the wnW' 

eroup of elements with lithium, sodium, potassium and rubidium. Its existence was 
deteded in 1860 by Kirchhoff and Bunscili, by help of the method of apeetrat anaHycU 
which ^oy introduced (see Spbctbvic, &>iicrniAi. Awaxtsis). The compounds of 
oeeeium'so doeely resemble the cotrespondii^ oompoonds of potssriiui sad Itdndiiia^ 
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that no diflhrenoe can be pciMTcd between^hem by oidinaty andMod * but 
in the speetrum-ap^ai^ a ffw theasandtha of a milligramme can easily be detected. 
The most charactenstid lines in the csesium-i^tnim are two blue linesC^ a and Cs A 
in the neighjjourhood of the strontium-line, Sri; they can be clearly seen, eves wiS 
silicate of csMium, and the name Casium, fiom cwstus, sky-blue, has been chosen as 
recalling their colour. 

Cmsium has not yet been found, except in company with iridium (see Busidxux\, 
and it ocean m even still smaller quantities than the latter element, Cnaium waa 
first detected in the Diirkheim mineral water, ten kilogrammes of which contain not 
quite t^ miUigrammes of chloride of caesium. Kreuznach water contains less, and in 
the lepidolite of Koeeua (which is the - principal source of rubi^om) only insignificant 
traces of it are found. (Kirchhoff and Bunsen, Pogg. Ann. cxiu. 353 : JiSiresbar, 
13fil, 177») 

The most abundant source of it yet discovered appears to be the lepidolite of Hebron, 
in Maine, U.S. This mineral occurs there in laige quantity in a coancly crystalline 
granite, assodated with red and green tourmaline and albiu*. It has a granular, and 
at the same time foliated crystalline structure, a pale rose to Wolet colour, and veiy 
d isifly resembles the lepidolite of Penig. in Saxony, and, like that, is also associated 
^th iherare species, amblygonite. It contains rather more than 0*3 pep cent, of 
ew^m, and as much rubidium as the lepidolite of Rozena. (O. D, Allen. Phil. Mair. 
[4] xxy, 189.) 

Osesium has also been found, in comparatively large quantity, in the mineral waters of 
Baden-Baden j^Bunsen), Bourbonno-lcs-Baius, Hauto>Marne (Grundeau, Ann. Ch. 
Phys. [3] Ixvii. 177), m the saHnes of Ausbuc, iiiid in the lithiiim-mica of Ziniiwald 
(Sebroetter, Wien Akad. Ber. xliv. 218). It exists in -perceptible, but generally very 
small, quantities, in several other minerals, as triphyline (IHake, Sill. Am. J. [2] 
xzxiii. 274; Grandeau), cunnillite (Erdmann), petalite (Graiidcau),in the mineral 
water of Vichy (Grandeau), in those of Topusco and Lassinja (Schneider, Wien 
Akad. Ber. xlv. 483), and in the sa/inPB of Ebensee. (Redtenbacher, tWd. xliv. 168.) 

The separation of caesium from sodium and potassium depends upon the exceedin^y 
slight solubility in water of its chloroplatinato. In order to obtain it pure, it is preci- 
pitated, together with chloride of potassium and chloride of nibidium, by means of 
chloride of platinum, from the mother-liquor, freed from every tiling except alkaline 
aal^ obtained by the evaporation of Burkheim water (Bunsen ojierutod with the 
residue of a^ut 40,000 kilogrammes of w'ater) ; the precipitate is boiled with a iwy 
s?na/l quantity of water, allowed to settle, and the still hot solution decanted ; when 
this operation has been repeated twenty times, the mixture of chloroplatinutes of caesium 
and rubidium which remains undissolvcd is ro<luced by heating in a stream of hydrogen, 
and the chlorides of those metals are extracted from the resiaun by boiling water. To 
separate the rubidium, the chlorides are transformed into carbonates, and the diy mix- 
ture of salts repeatedly exhausted with absolute alcohol, in which carbonate of csesiiim 
is solubi4% but carbonate of rubidium insoluble. As the carbonate of cocsium so obtained 
may still contain small quantities of potassium and rubidium, it must, for com- 
plete purification, be treated with sufficient baryta-water to nuider about four-fifths 
of it caustic, evaporated in a platinum dish, and the residue extracted with the smallest 
possible quantity of alcohol, which dissolves hydrate of caesium, but leaves the carbo- 
nates of potassium and rubidium Ixdiind. When this operation has been repeated 
until the product, examined in the spoctrum-apparatus, no longer given the potassium 
and rubiuium reactions, or gives them only very faintly indeed, tlie furtner treat- 
ment of it is found not to alter its equivalent weight ; although the salt thus obtained 
ia stiU a mixture of the chlorides of caesium and rubidium, and not pure chloride of 
. escsium, ae Bunsen at first supposed (vid, infrJ), 

The following process is given by Allen {loc, cit) for the extraction of c»sium fVom 
'^.ihe lepidolite of Hebron. Ten p^s of the mineral, pulverised until it will pass 
through a sieve of 20 holes to the b'near inch, are mixed with fort^ pai^ of coareely 
^j^jpowdered quicklime ; a quantity of water sufficient tu slake the lime is next mixed 
as much hydrocblonc acid as will convert from six to seven parts of the lime 
IhiU chloride of calcium ; the two mixtures are then united, and stirred vigorously 
diQ^g the slaking, thus intimately blending the mineral with suitable proportions of 
4K;y chloride of calcuim. The mixture is put into Hessian 

A||i^ and heated to redness for six or eight hours (a shorter time would ^babhr 
^Mfilce). During the ignition, carp must be taken to prevent the beat risum much 
llSbovt Jednees, as loss would then occur volatilisation of the alkaline ehlorid^ and 

V ftiaioo of the mam and its consequent absorption into the crucibles. The pro- 
duet of this operation is detached fh>m the erncibim, and boiled with tall allbut 
a trace of tile chlorides is removed. The fc4litioii thus obtained, oontaiiiiiig chlonde 
of calaQiii and chlorides, is evaportted till crystals begin to finrm ; sulphiirie 
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acid is then added as long as eolphata of calcium snMirates, excess of acid being 
aroided, and the whole mass is evaporated to dryness, ana strongly heatc^ to expel fr^ 
hydrocb^ric acid. The residue is treated with water, the sm^ quantity of sulphate 
of calcium which passes into solution is precipitated by carbonate of ammonium, the 
precipitate is filtered ofiT, and the filtrate is again evaporated to dryness and ignited. 
In this way a mixture of the chlorides, containing also small quantities of the sulphates, 
of aodium, lithium, potassium, rubidium, and ciesium is obtained, from which the 
chlorides of the last two metals can be separated by treatment with bichloride of 
platinum as directed by Bunsen. 

For the separation of cmsium fi^om rubidium, Allen recommends the following 
process. The chlorides of the two metals are converted into sulphates, and then into 
carbonates, by ^ecipitating with caustic baryta and saturating the solution with 
carbonic acid.* From the carbonates, the acid tartrates are prepared by adding to the 
solution twice as much tartaric acid as *is necessary to neutralise it, and these salts 
can then be separated from each other by fractional crystallisation : acid tartrate of 
rubidium requires for solution about eight times as much water as does acid tartrate 
of csesium, and therefore crystallises out first, while the latter salt accumulates in the 
mother-liquors. The salts of the two alkalis may be thus separated from each other 
so completely that neither shows any trace of the presence of the other when examined 
with the spectroscope. 

Pure metallic caesium has not yet been obtained, but an amalgam of caesium can 
bo easily procured by electrolysing a solution of chloride of caesium, using mercuiy as 
the negative pole. Caesium-amalgam decomposes water in the cold, and when exposed 
to the air, gets hot and covers itself with a coating of deliquescent hydrate of caesium. 
When caesium-amalgam is connected with potassium-amalgam or with rubidium- 
amalgam and water, so as to form a galvanic circuit, it shows itself to be more elec- 
tropositive than either of them ; caesium is therefore the most electropositive element 
yet known. 

^romoplatinate of Casium readily Boparatos, together with the rubidium-salt, 
when dibromido of platinum is added to a dilute BoJution of the chlorides of the two 
metals. If potassium is present, the bromoplatioate of that metal is carried down 
likewise. (Allen.) 

Carbonate of Cfssium, Cs^CO’ + aq. — Confusedly developed crystals, which give 
an anhydrous sandy powder when heated. Dissolves in 91 pts. absolute alcohol at 
19® C,, and in fi pta, at 78’4® C. ; very caustic; deliquesces in the air and gradually 
becomes convert^ed into acid carbonate ; dissolves in water in nearly all proportions 
with the aid of heat. 

Acid carbonate of Casium, CsHCO*. — Tolerably well-formed, but not measur- 
able prismatic crystals, permanent in the air, of a glassy lustre. Beacts hardly alkaline ; 
by ignition it is easily changed into the neutral salt. 

Chloride of Casium^ CsCl. — Crystallises in cubes, which deliquesce in the air 
like chloride of lithium, and can thereby be distinguished from chloride of potassium 
or of rubidium. When gently ignited, chloride of caesium easily melts ; it is somewhat 
volatile, and in the air easily becomes somewhat alkaline. (Bunsen.) According to 
Johnson and Allen pure chloride of caesium is not deliquescent. 

Chloroplatinate qf C<e8iumt 2CBCl.PtCP. — Bright yellow sandy poivdcr, com- 
posed of shining, transparent, microscopic, regular octohedrons. It is more difficultly 
soluble than the chloroplatinate oj^itner pota.ssium or rubidium ; the following table 
gives the solubility in 100 pts. wolMtif the three salts, as determined by Bunsen, the 




Temperature. 

Potaciium-Mli. 

Ruhidittm.iaU* 

Cttsium-MU. 

o®o. 

• « • 

0-74 

0 184 

0*024 

10 

• • • 

0*90 

0164 


20 


112 

0141 


30 

a • • 

l'4l 

014« 

0*110 

40 


a *76 

0 166 

0*142 

60 

a a • 

217 

0*203 

0*177 

60 


2*64 

0*268 


74 

• • • 

3-19 

0*329 

0*261 

30 

■* a • 

3*79 

0*417 

0*291 

90 

a a a 

4*46 

0*621 

0-333 

100 

a a a 

5*18 

0*634 

0*377 
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BydraU of CaMtui^ CsHO + aq. — Confusedly ciysttillisod, deliquescent, exceed* 
ingly caustic. At a red heat it does not become anhydrous ; it attacks platinum, is en- 
tirely Tolatile when heated on a platinum wire, and is easily soluble in alcohol 

NitraU of Caa ium, CsNOl— Contains no water of crystallisation, is iaomorphous 

with nitrate of rubidium and not with nitrate of potassium. Tho crystals are Wagonal 
prisms combined with the hexagonal pyramid. P : P in the terminal edges — 142^66': 
in the lateral edges — 78° 68'. Kates of axes, 1 : c » 1 : 07136. 

P . . P2 . or>P2 . OP . j P. 

The salt has a cooling saline taste, like that of siiitpetre, and is soluble in ten times 
its weight of water at 3° C. (B nn s c n.) 

Picraie of Caesium resembles the corresponding potassiura-salt. It cannot be 
separated from picrate of rubidium by eiystallisation. (Allen.) 

Sulphate of C8*S0\ forms anhydrous, ill-defined, hard crystals, grouped 

together in bunches, and permanent in tlio afr. One part of the sjilt dissolves in 0*63 
pts. of water at — 2° C. (1 pt. of sulphate of potassiuin dissolves in 12*6 pts. of water 
nt the same temperature.) 

Sulphate of caesium forms double salts with sulphate of m^iosium, sulphate of 
cobalt, &o., belonging to the type K*Mg"(SO^)“ + fiU'-'O, and is isomorplious with the 
corresponding potassium- and iiramonium-compounds. Cs‘HV'(SO*)* 4- filPO, shows 
the following surfaces: OP . ooP . + P . [Poo] . + 2Poo . odP2. Sulphate of ciesium 
forms, with sulphate of aluminium, an alum crystallising in regular octoliodrons of a 
glassy lustre. (Bunsen, Ann. Ch. Pharm. cxix. 111.) 

Acid tartrate of Caesium, C^IPCsO*. — Colourless, transparent, flattened prisms, 
which do not diminish in weight when pulveriseti and dried at 100°. One part of this 
salt dissolves in 1*02 pts. of boiling watt r, or in 10*32 pts. of water at 26° C. (Allen.) 
The neutral tartrate is very deliquescent. (Bunsen.) 

Atomic weight of C€esium» — The atomic weight of caesium has been determined by 
the analy^sis of its chloride. This salt, purified from chloride of rubidium by means 
of chloride of platinum in the manner already described, was found by Bunsen to 


contain 


w 

Citlorine. 

Ctralum. 

After tho 1st purification, 



22*334 

77-66« 

» 2nd „ 

, , 


. 22*334 

77 066 

» 3rd „ 

. 

. 

22*310 

77'684 


whence he deduced 123‘4 for the atomic weight of cmsiiim. Subsequent experiments 
by Johnson and Allen (Phil, Mag. [4] xxv. 196) have shown tlnit the chloride of 
emsium used for these determinations still contained cldoridc of rubjiiium, and that the 
atomic weight calculated from them is consequtujtly too low. Tlicir analyses of 
chloride of emsium, prepared from the acid tartrate purified by concentrating its solu- 
tion and recrystallisation, gave the following results : — 



Cliloritie. 

CKiium. 

I. 

21*044 

78-956 

II. 

21*031 

78-969 

III. 

21*043 

78*957 

IV. 

21*063 

78*937 


Bunsen has since published new determinations (Pogg. Ann. cxix. 1) which agree very 
closely with these. Tho chloride of caesJum used for them was prepared lyr the follow- 
ing process, from a mixture of the chlorides of csraium and rubidium which had been 
previously completely freed from potassium, sodium, and lithium. The chlorides were 
first oonverted into carbonates, and then a little more tartaric acid was added to the 
^lution than was needed to convert the caesium into neutral tartrate and the rtibi^um 
into the acid salt (the quantity of acid requisite being deduced from a preliminary 
detorminatioD of the amount of chlorine in the mixed cbloridcs). The liquid was next 
evaporated to dzyness, and the powdered saline moss exposed to moist air in a funnel 
stopped with a small filter. In this way a solution of the very deliquescent tartrate of 
cmsiitm was obtained, while the acid tartrate of rubidium remained as a f^lkl salt in 
the fhnnri. vThe tartrate of csssium was oonverted into chloride, precif>itated with 
bichloride o#platinum, the precipitate washed and decomposed liy besting in a stream 
of hydrogen^ and this process was repeated until the proportion of chlorine in tho 
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Acetic anhydride . 

Aceto-bensoic anhydride 
Aceto- cinnamic anhvdride 
AcetO'Ciiminic anhydride 
Aceto-saiicylic anhydride 
Acetic ethers . 

1. Monatomic; 

.Acetate of allyl . 

Amyi , 
lien art 
Ethyl . 

Chlorinated acetates of Ethyl 
Methyl 

Chlorinated acotatea of Melliyl 
Acetules of Octyl 

Phenyl . • 
Totryl . • 
Trilyl 

2. Diatomic: 

AceUtes of ethylene, amylene, 
benzytene, tetrylen^ ana tri- 
tylene 

B, THatomict Acetim 
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Triacetin 
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Pi 
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&c.) ‘ , 
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Akanticon. — Akcethin (s. Acetone) 
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Alalite (a. Diopside) 
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Alantin (a. Inulin) ... 
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Alhin (a. Apofihyllite) . 

- 1 Albitfc (a Kelspar) .... 
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Albumin 

Albuminates .... 
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Albumiiiin 

. Albuminoids ..... 

Albuminose 

AIcurra^HS 

Alcheinilla vulgaris . • 

Aicoiud 

Alcohotates .... 
Alcohol buses . . . 

Alcoholometry . . • « 

Alcohol- radicles • • • . 

Alcohols , . . . 

Monatomic alcohols 
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Alcohols not included in the prece 
ding groups 

Aldehyde 

Ahlehydates .... 
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Aldide ...... 
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Alembroth-salt .... 
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.tlimeiitary Suhstances (s. Nutrition) 
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.Mixia-c.imphor .... 

Alizjiric acid 

Alizarin. — Alizito (a. Pimelite) 

Alkali 

Alkalimetry 

; Alkaloids ..... 
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Alkanet 

Alkargen and Atkarsin (a. Arsenic 
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Allagite. — Allaite .... 
Allanite (a. Orthite) 

Allantoic and Araniotic liquids 

Allantoin 

Allanturic acid .... 
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Allituric acid . , . • , • 
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Allomorphlte . . . . • 

AllophsM « • 
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^l^lopluMtea (metallic) 
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mercaptan. . . 
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Alphene, snlphideof (a. Sulphocyaiiidc of 
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Alatcmite 

Altaite . . . . 
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Alum (a, Snlpliates) , • • • . 

Alumina (a. Oxide of aluminium, p. 157) 
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Quantitative estimatWi ef aluml* 
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Arsenide ... • 

Bonde • a • * ■ 

Chloride ..... 
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Imlide . . » . • 
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Triaiiiides , , . . 
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- Ainidogen (s. Amides, p. 168). 
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tions . . . » • 
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Separation and Katipiation of Am 
5 moniam . * • • • 
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Amylsulphocarbonate of Amylium — 

Diamylamine — 

Triamylamine .... — 

Tetramylium -a- 

Amylates (p. 205). 
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Benzomyristic anhydride (p. 558) 

Benzone . ... 

DInitrobenzone • 

Benzonityrile 563 

Chlorobenzonitrile .... 5G4 
Nitrobenzonitrile • . . . - 

Benzonitrobeuzoic anl^dride (p. 558). 
Benzonitrocumide (s. Cumylamine). 
Benzcenanthic anhydride (p. 558). 
Benzopelargonic anhydride (p. 558). 
Benzophenide (s. Benzoate of Phenyl^ 

Benzopbenone (s. Benzone, p. 562). 
Benzopiperide (s. Piperidine). 
Benzop^ylenyl (e. Benzoate of Allyl, p. 552). 
Benzomian (a. Populin). 

Benzdsaticylasnio acid . . . . - 

Benzoaalicyliunide .... 505 

Benzosalicyllc acid .... 

Benzosalicylirnidc ( e. Benzamide, p. 539). 
Benzostcaric anhydride (p. 558). 

Benzostiloin 

Benzosuccinin 

Benzosulpliopbenamic acid (s. Benzamic 
acid, p. 538). 

Benzosulphophenamide (s. Benzamide, p. 

640). 

Benzoeulpho^ienamidyl, Chloride and 
Amide (a. Benzamide, p. 640). 
Benzosulpnopbenyleodamide (p. 540). 
Benzosylanilide (& Benzylene>phenyl- 
aitiine, 677). 

Benzotartaric acid 

Benzovalerio anhydride f p. 558) 

Benzoyl. . . . . 

Benzoyl, Bromide of 
Benzpvl, Chloride of . 

Chloride of Cblorobenzorl 
i 'iphloride of Nitrobenzoyl 
,^^nnB^l, (>anide of 
'^Benzoyl, Hydride of : JSaauddiHe / Bitter 

' Aimond OU 

Benzoate of Hydride of Benzoyl 
Hydride with Chloride of Benzoyl . 
Hydrocyanate of Hydride of Benzoyl 
Hydride of Benzoyl with Chloride 

ofCaldom 

Hydride of Benzoyl with acid Sul- . 

phitee of Alkali metals • . 

Suostitution^roductet 
Hydride or Nitrobenzoyl . . 

^ Thiobenzoyl . • 

Thionftrobenzoyl . '"572 
0:^odide of Hydride of jJ^oyl — 

Benzoyl, iodide ef — 

Benzoyl, Perriiloride of (p. 566). 

Benzoyl, Sulphide of • . . . — 

Benzoyl, Salplioe}*anido of (s. Sidpho^*- 
anobenzylene). 

JSenzoylazotide 

Benzoyl-benzoin (a Benzoin, pu 559). 
Benzoyl-urez (z Czrbzmide^ p. 753), 
Beozoylnreid ... . . 573 

Benzureid<z. Benzoyl-nrez). 

Benzyl: Tolgl, Toimemwl 
Banzyb Chloride of 
Benzyl, ^'znkle of. 

Bowl, Hydride of. 

Hydride ^ Hitrobenzyl . . .574 

Dinitrobenzyl . 575 { 


566 


667 

568 


569 

670 


Benzyl, Iodide of . 

Benzylamine: Toluidine 

Cyanobenzylamine : OuamttMdUne 
Melobenzyiamine ; MAttoi^ine . 
Benzethy lamine 
Benzyldiethylamine 
Benzyltriethylium . 
Nitrobenzylamine . 

Tri benzylamine 
Benzylene .... 
Benzylene, Chloride of . 

Benzylene, Sulphide of . 
Benzylene-plienylamine 
*' " ' ! cthera . 

S ’l-benzylenic ether 

> and Amyl-benzylenic ethers 
AiCeto-, Benzo-, Succino-, Sulpho 
and Valero- benzyl enic ethers 
Benzylethyiamine (p. 576). 

Benzylic Alcohol . 

Benzylic Ether 

Ethyl -benzylic ether 
Beraunite 
Berberine 
Berengelite . 

Beresito .... 

Bergamot, Oil^of . 

BerganTot-camphor ^ Bergapteiie. 
Berthierin .... 

Berthierite or Haidingerite . 
Bertholletia excelsa 

Beiyl 

Beryllium (a. Gluciniim). 

Berzelianite .... 

Berzeliite .... 

Berzelin 

BerzelJte .... 

Beta 

Betulin ..... 

Betuloretic acid . . . 

Beudantin (s. Kephelin). 

Beudantite 

Bezetta 

Bezoar 

Bezoardic acid (s. Ellagic acid). 
Bezoardlcum animale . 

minerale . 

Bi-compounds (s. Di -com pounds), 
Bildstein (s. Agalniatolite). 

Bile ... . . 

Analysis .... 
Pettenkoferis test . 

Composition of Bile of t, 
animals 

Putrefaction of Bile 
Biliary Calculi 
Bimstein (s. Pumice-stone). 

Bina^ Theory of Salts . 

Binnite 

Biotin (s. Anorthite, p. 308). 

Biotite (s. Mica). 

Birch 

Birch flingiis, juice^ oil, resin, and tar 
Birdlime 
Bismath 

Bismuth, Acicniar 
Bismuth, Alloys of. 

Bismuth, Bromide of 
Bismath, Chlorides of: 

Trichloride 
Bichloride 
Bismuth Cupreous . 

Bismath, Detection and Estimation of ; 
Blowpipe reactions , 


Paqs 
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576 


577 
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687 

583 
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592 
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BIsmathy Detection and estimation of i 
LiQoid reactions . 

Quantitative estimation . 

Atomio weight * • 

Separation imm other elements 
Valuation of Bismuth oim 
Bismuth, Fluoride of . . 

Bismuth, Iodide of . . . . 

Bismuth, Oxides of . . . 

'iVioxide, or Bismuthous oxide 
Pentoxide, or Biamuthic oxide 
^smutbates 

Bismuth, Oxychloride of (p. 691). 
Bismuth, Oxygen-salts of . 

Bismuth, Phosjjhide of 
Bismuth, Selemde of . 

Bismuth, Sulphides of . 

Bismuth, Sulphochlorido of • 

Bismuth, Telluric (s. 'J'ellurium). 
Bismuth, Telluride of . 
Bismuth-glaiice, or Bisinuthine 
Bismuth-nickel 
Bismuth-ochre . . • 

Bismuth-radicles, Organic « 

Bisethyl ... 
Bistriethyl, or Triethyl-bismuthine 
Btsmuth-sUver • . 

Bismutite .... 

Bissa-bol • . . « 

Bistre ..... 
Bitter-almond oil . 

Bitter-almond water • 

Bitter principle . • 

Bittern 

Bitterspar, or Rhombspar 
Bittersweet . . . • 

Bitumen .... 

Biuret 

Bixin 

Black Band .... 

Black Chalk .... 

Black Jock .... 

Black Lead (s. Carbon, p. 758). 

Black Wadd .... 
Blaucbinine .... 
Blanqnette .... 

Blaps obtusa .... 

Bleaching .... 

Bleaching Powder (s. Hypochlorites). 
Bleinierite .... 

Blende 

BlOdite ..... 

Blood 

- Its analysis 
Blood-stone (s. Jasper) . 

Blowpipe .... 

Blowpipe analysis . . 

Table of t^baviour of Metallic 
Oxides, with Microcosmie salt 
and Borax . 

Table Blowpipe 
Oxybydrogen Blowpipe 
Blue, Pruasian (s. Cyanides of Iron). 
Bine, Saxon • . • • 

Bodetiite . • . • 

Bog-butter .... 

Bog-head Coal (s. Coal). 

Bog ores (s. Iron). 

Bobeie add ...» 

Bolling Point (s. Ileal). 

Bole 

Bdognlsn Stene . . » 

Boietic add . . . - 

Boletus 
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699 

6^ 

594 

695 


610 

612 


618 


614 

616 


617 


618 


Boloretin 

Boltonlte.— Bolus . 

Bone 

Diseased bones 
Fossil bones . 

Bone-black . 
Bone-oil.‘--Bon8(tornite . 

Boracic acid (a Boric acid, p. 636). 

Boracite 

Borax (a Borate of Sodium, p, 646> 
Borides (s. Boron, n. 629). 

Bomeene. — Borneo! 

Bornite, — Borocalcite 


619 


623 

624 

625 


626 



Boron 



627 

— 

Boron, Bromide of . 


• 

629 


Boron, Chloride of . • 


4 


_ 

Ammon io-chloride . 


• 


— 

1 Boron, Chlorocyanide of (a Cyanonn, 



Chloride of). 




... 

Boron, Detection and Estimation oft 



... 

Kcactions . . . 

■ , 


686 

696 

Quantitative estimation 

, 

S 

...M. 

— 

Separation from other elements 

h 

COL 

— 

Atomic woigtit * 


• 

682 

— 

Boron, Fluorido of 




... 

Fluoboric acid . . 



038 

697 

llydroiluoboric acid . 



— 

— 

Borofluorides 



— 


Boron, Iodide of . . • ' 



685 


Boron, Nitride of . . . 

• 


I-. 

— 

Boron, Oxide of; Boric anhydride • 



599 

Boric acid 



636 

— 

Borates .... 



689 


Borates of Aluminium . 



641 


Ammonium . 
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Barium . 



642 


Cadmium 


a 



Calcium , 
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Cobalt . 


s 

648 

601 

Copper » 





Iron 



— • 


Lead 





Borochloride of Load . 



244 

— 

Boronitrate of Lead » 
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Borate of Lithium . 



— • 


Borates of Magnesium . 
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Borate of Nickel . 



— • 

602 

Borates of Potassium • 



— 


Silver . 
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Sodium . 



». 

— 

Strontium 

Zinc . . 



649 


Boric Ethers : Borates of Amyl 
FAhyl 
Methyl 

Boron, Sulphide of , 

Boronatrocdcite . 

Botryogen 
BotryoUte 

Boulangerite^Boumonite 
Bovey Coal . 

Bowenite (a Serpentine). , , . 

Boyle's Aiming Liouor (s. Sulphides of 
Ammonium, p. 194). 

(s, Nervous Tissue). 

Bran 

Branchite 

Brandisite (a Cliotonite). 

Brandy 

Brass 

Brassica . • • ..* 

1. Bramca oleraeea t Gabiiage . 

Composition of Cabbsge-leavea 


650 
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Brtuitica $ 

Ash of different varieties of 

Cabbage 

, 2. BroMsiea j^apus : BCape . 

Ash of Seed and Straw 
Brcunca Bapa .* Turnip 
Composition of Ash . • ^ • 

Baassic acid . « . . . 

BSrsWn} t* ®**”®*”**®)- 

Bray era antnelmintioa .... 
Brazil wood . . . 

Bread . . ' 

Fermented 

Unfermented 

Aerated bread .... 
Brcan (s. Icica-resin). 

Brein and Breidin (s. Arbol-a-breo, p. 846) 6^62 
Breislakita — Breithanptite . • • ' 

Bremer Green 

Breunerite (s. Magnesite). 

Brevicite (s. Natrolite). 

Brewatcrite 

Brewstolin 

Bricks 

Boating 

Brilliant ...... 

Brimstone (a. Sulphur). 

Brindonia indica 

Britannia metal 

Brithvne (a Glauberite). 

Britiali gam (s. Dextrin). 

Brittle Silver-ore Brocatello 

Broccoli (b. Brassica). 

Brochantite 

Broddbo Tan tali to (s. Tantalite). 

Brogniardite 

Brogniartin, or Brogniartite ‘(s. Glau- 
bcrite). 

Bromacetic acid 

Bromacetates 

Dibromacetic acid .... 
Bromacetins (s. Acetins, p. 2G). 

Bromal 

BromaloYn (s, AloTn, p. 148). 

Bromamide (a. Nitrogen, Bromide of). 
Bromanil (a. Quinone). 

Bromanilamic acid (a. Quinonic acid). 
Bronianiloide (a. Tribromopheny la- 
mina under Phenylamine). , 

Bromimisic acid (p. 301). 

Bromanisol (p. 805). 

Bromargyrite. — Bromein . • « 

Bromethecide (a. Vinyl, Bromide of). 
Biomethionessil . . . . ^ 

Bromhydric acid (». 672), . 

Brorah}'drina ^ > . . . ^ 

Mono-, ihid Tribromhydrin 
Epibromhydriti .... 

Hexi^lyceric Bromhydrin 
Hemibromhydrin .... 

Bromic acid 

Bromic Silver 

Bromides 

Bromide of Hydrogen : Bromh 3 rdric 
or Hydrobromic acid . 

Bromides, Metallic .... 

Bromides Organic radicles 

Bromindamite 

Bromindoptene 

Bromine 

Brominei, Chloride of ... . 

Bromine, Detection and Estimation of: 

1. Keactions 

2. Quantitative estimation 


Bromine, Detection and estimation of; 

EsLimaLion in presence of Chlo* 
line and Iodine . 

S* Atomic weight .... 
Bromine, Fluoride of • • . . 

Bromine, Oxygen-adds of « . . 

Bromine, Selenide of , • 

Bromine, Sulphide of . . . . 

Bromiodoform 

Bromisatic acid^s. Isatic acid). 
Bromisatin Isatln). 

Bcomite 

Bromitonic acid (s. Citraconic acid, De- 
. cbmpositions o^ p. 998). 

Bromllte (a. Alsionite, p. 149). 
Bromoform. — Bromopicrin 
Broi&osamide (s. Salicylamide). 

Bromua. — Bromjrrile .... 
Bronze ....... 

Bronzite 

Brookite 

Brossite 

Droussonnettia tlnctoria 

Brown berries 

Brucine 

Salts of Brucine . • . 

Bromo-brucine • . • • 

Ethyl-brucine . • . * . 

Brucite 

Brunolic acid 

Brunswick green . . , • • 

Bryoiclin 

Bryoiiin 

Bryoretin 

Bubulin 

Bucholzite 

Bucklandite (s. Epidote). 

Buckthorn (s. BhamuusJ. 

Buckwlieat 

Colouring matters of Buckwheat . 
Bucuruinanga resin .... 
Buenin. — ^Buhrstone .... 
Bukku leaves ... 

Buratite 

Burette (p. 256). 

Burgundy Pitch or Resin 

Bursera gummifera .... 

Bustamite (s. Rhodonite). 

Butea gum 

Butic acid 

Butter 

Butter of Antimony, Tin, Ac. 

Butyl (8. Tet^l). 

Buty lactic acid 

Dutyracetic acid 

Butyral 

Chlorobutyrals .... 

Btttyraidehyde 

Butyraldehyde-ammonia 

Butyramide 

Mercuric butyramide 
Butyric acid ...... 

Butyrates 

Butyric acid. Substitution-derivatives of 
Dibromobutyric acid 
Dichlorobutyric add 
Tetrachlorobutvric acid . 

Thiobutyrie acid • . , • 

Butyric anhydride .... 

Butyric others 

Butyrate of Allyl . . . • 

Amyl .... 
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Butyric rthew I _ 

Butyruto of Ethyl . 

Ethylene . 

Glyceryl 

Methyl 

BtttyridUn • • ' • • 

Butyrins « 

Mono* and Dibutyrin . 
Trlbtttyrin . . • 

Natnr^ bntyrin 
Butyrite .. . . o 

Butyrochlorhjrdrin 
Butyroleic acid . 

Duty rolimnodic acid (a. Bog-batter 
Butyrolacdc acid • 

Butyrone o • • 

Butyronitric acid 
Jiutyronitrile . • ' • 

Biitvrum antimonli 
Btttyrureid (s. Butyryl urea) 

Butyryl 

BromidOi Chloride . 

Iodide 

Butyryl-urea (a. Carbamide, p. 75 
Buxine . . • • 

Bygsolite .... 
Byssus Mytili • • 

Bytownite • • . . 


Cabbage # o • • 

Cabbagiine . . • 

Cabocle 

Cacao ■ a ■ « • 

Cacao-fat 

Cacao-red . . • 

Cachalagua.«-Oaeho1ong 
Cacboutannic acid (a. Catecho, p. 
Cacotheline . . # • 

Cacoxene • • • . 

Cactus 

Cadet’s Fuming Liquor (p. 403). 
Cadie gum • • . • 

Cadmium .... 
Cadmium, Alloys of 
Cadmium, Bromide of . 
Cadmium, Chloride of . 

Double salts of Chloride of Ca< 
Cadmium : Detection and Estima 

1. Blowpipe reactions 

2. Liquid reactions 

8. Quantitative estimation 
4. Separation from other elem 
d. Atomic weight • 
Cadmium, Fluoride of • 
Cadmium, Iodide of 
Cadmium, Nitride of 
Cadmium, Oxides of . . 

Caduiium, Phosphide of 
Cadmium, Sulphide of . 
Cadmium-^thyl 

Cmsium 

Gaflrdc acid (s. Caffetaimic acid, p 
Gaffbine or Theine . • . 

Salta of Caffeine 



Caffetaimic acid • 

Caineic acid . . • • • 

Cairngorm stone (si Quarts). 
Ca^ttt, oil of • • • 

CajfNitene « . « 

Isocqfptttene . • 

Paracaipntene 
Bromim of Cajpulene . 


CsjpiitPTip : 

Chloride of Cajnuteno 
Hydrates of Cajputeno . 
Hydrochlorates of Cajputene . 
Hydriodate of Cajputene 
Calaite (s. Turquois). 

Calaminl 

Calamine, Siliceous . . • 

Calami Ls 

Calcareous spar (s. Caloapar). 
Calcedony (a. Chalcedony). 
Galchnntum 

Calcination.— Calcite 

Calcium ...... 

Calcium, Bromide of . . • 

Calcium, Chloride of . . . 

Calcium, Detection and Estimation of 

1. licactioiiB in the dry way . 

2. Reactions in the wet way . 

'* 8. Quantitative estimation 

4. Separation fVoin other elements 
.6. Atomic weight . 

Calcium, Fluoride of . . . 

Calcium, Oxide of . 

Calcium, Oxychloride of (p. 710). 
Calcium, Oxj'gcn-salts of 
Calcium, Oxysiilphide of 
Calcium, Phosphide of . 

Calcium, Seh nidcs of . 

Calcium, Sulphides of . 

Calc^sintor 

Calcoferrito 

Calcspar 

Calctuff 

Calculus 

Calderito ..... 
Calcdouito ..... 

Calendulin 

Calico-printing .... 

('nlifornin 

Calisaya bark. — Callaia • • • 

Calluna vulgaris .... 
Callutannic acid .... 

Calluxanthin 

Calomel (s. Mercury). 

Calofdiyllum resin .... 

Calorimeter 

Calorimotor • . . > • 

Calstronbaryto .... 
Calyptolite . . . . • 

Camboley resin .... 
Camellia japonica .... 
Campeaeby wood (h. I.ogwoo(l), 
Camphamlc acid, ami Camphamide 
(p.m). 

Campheiie . . . r , - 

Camphencs . . ' • * 

Camphercfies . . • • • 

Campheryl or Campherile 

Camphic acid 

Camphides 

Gamphilene 

C^mphimide (p. 782). 

Camphin 

Camphine 

Campbocreosoie . . . • 

Camphol 

Campholene . • • • • 

Caropholic acid • . • 

Camphont . • . • • 

Camphometbylic acid (p. 733). 
Camphor • • « • • 

llextro* camphor • • • 

Lssvo-camphor • * • ^ 
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Oamphor : 

inactive camphor • • . • 729 

Oampbor, artihcial (a. Turpentine). 

Camphor of Borneo (a. Borneol, p. 626). 
Camphor, oil of . ... . • — 

Gamphoramic acid . . > — 

Campboranilio acid (a Phenyl*oa^ho- 
ramic acid). 

Camphoreain . . ... — 

Camphoric acid : 

Dextro-camphoric add . . . 730 

linvo-camphoric acid 
Inactive camphoric acid 
Camphoratea . 

Camphoric anhydride .... 731 
Camphoric ethers : 

Camphoraie of Ethyl ... — 

Camphorate of Kthvl and Hydf^n •— 
Camphorate of Methyl ftn% Hy- 
drogen . . . , ► , . 732 

Camphorimide • . . . — 

(vamphorin . • . * . . . — 

Camphorone 738 

Camplioryl — 

Cam phoslitph uric acid (a. Sulphocam- 
pboric acid). 

Cainphovinic acid (a. Campnoric ethers, 

Gamphreiie — 

Camphrone — 

Camwood (a. Barwood, p. 517). 

Ganaanito — 

Canada balsam (a. Balsams, p. 492). 

Gancerin 

Cancha-lagna (s. Cachalagua, p. 701). 

Cancri ni te. Candite 

Ganella alba 

Gunnubia indica .... 

Cannabis sativa .... 

Cannamine (s. Brucine, p. 681). 

Cannel coal (s. Coal). 

Gannon metiu (s. Copper, Alloys of). 
Canthurides . 

Gantharidin . 

Gantonite 

Canton’s phosphorus 
Caoutcheue . 

Caoutchin 

Hydrochlorate of caoutchin 
Caoutchouc .... 

Vulcanised caoutchouc . 

Hardened caoutchouc ; Ebonite 
Caoutchoncin (p. 789). 

Capers (s. Capparia). 

Caphopicrite {a. Rhein). 

Capillarity 

Capnomor ~741 

Gaporcianite . 

Capparis spinosa . 

Capral . 742 

Capramide 
Caprio acid . 

Capric aldehyde 
Gaprinamide (s. Capramide). 

Caprocianite (s. Gaporcianite). 

Cappoene 

Gaproie acid 748 

Capniic aleohd (a. Hexylic Alcohol). 

Caproie aldehyde . 

Caproic anhydride. 

Caproie ethera « 744 

Caprone . 

Capronitrile . • 

Capronoy] 


734 


735 


730 


737 

738 

739 
74 ^ 


« , page 

Caproyl » , • . . • . . 7 « 

Oaproylamine (s. Hexylamine). 

Oaproylene (a. Hea^lene). 

^piyl, or Butyl ; . . . .715 

Caprylamine ^ Oetylamme). 

Capndene (s/Octylene). 

Capiylic amd . . . , . 

JNilFocapiylio aHd . 

Caprylic alcohol (a Octylio Alcohol). 
Caprylio aldehyde .... 

Caprylic anhydride . . . .746 

Caprylic ethers .... 

Caprylone 747 

Cap^lyl 

Capsella 

Capsiuine 

Caput mortuum .... 
Caragheen moss .... 

Carajuru, Cnyuru, or Carcuru 

Caramel 

Caramelane, Caramelene, Carameliu 748 

Caranna 749 

Carapabark 

Carapa oil . .... 

Carat 

Carbamic acid. .... 
Carbamates of Ammoninm, Amyl 
and Ethyl ..... 750 
Carbamates of Methyl and Tetryl . 751 
Ethyl- carbamic acid . « . 
Ethyl-carbamate of £th 3 'l, 

Ethyl -urethane 
Phenj'l* carbamic acid • 

Phenyl- carbamates of Ethyl and 
Methyl . . , .762 

Carbamide — 

Substitution-products of Carbamide : 

epmpound Ureas : 

a. Carbainides or Ureas containing 
Acid Radicles; 

Acetyl-carbamide . . .763 

Benzoyl-carbamide ... — 

Butyr^O -carbamide . , . — 

Vuleryl-carbamide ... 

fi. Car bam ides or Ureas containing 
Basylous Radicles ; 

Allyl-carbamida . , .761 

Allyl-snlpbocarbamide 
Diallyl-carbamide « 
Amjd-carbamide 
Benzyl-carbamide 
Ethyl -carbamide 
Diethyl-carbamide . 
Ethyl-alljd-carbamide . 

Ethyl -ally 1 -su I ph ocarbam i do 
Ethyl-amyl-carbamide . 
Methyl-carbamide 
Dimethyl-carbamide 
Methyl-ethyl -carbamide 
Naphthyl-carbamide . 

Naphthyl-ullyl-carbamide . 755 
Phen^d -ca rbamide 
Ethyl • phenyl-carbamide 
Nitrophenyl- carbamide . . 756 

Diphenyl- carbamide 
Phenyl-sulphocarbamide . 

Phenyl-ally l- 8 ulphocarbami<le — 
Diphenyl -sol pbocartoamide . — 

Pijwryl-carbamide . . . 757 

Methyl-piperyl-earbaniide 
Carhanil (s. (^anio Ethers). 

Carbanilide (si Diphenyl-carbainida^pi756). 
Carbanilie sad (s. PhenvI-carbamic ad^ 

P 761). 
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CtrbsnilethAne and Carbaniniethjrlane 

Car^iuKite • • • • • • 757 

Carbaaotic acid (a. Picric add). 

Carbides, or Carburets . . ~ 

Carbobenaide (s. Bensone). . 

Carbobeozoic add (a. Cinnamein). 
Carbo-hydrogena fa. Hydrocarbons), 

Carbolic add (a. Pnenic add). 

Carbon 

1. Diamond 

2. Graphite 768 

8. Anthracite 750 

4. Carbon obtained from organic 

aubatances by dry distillation 
or imperfect combustion : 
a. Wood-charooai 
5. Coke 7G0 

c. Metallic carbon. Glance-coal . >» 

d, Lamp-black .... — 

a. Animal charcoal . . . 7G1 

Absorbent power of charcoal . . — 

Platinised ^arcoai . . . 7G2 

Charcoal as a prec'ipitant and deo- 
doriser ... . . . — 

Con^unds of carbon . . 7G8 

Carbon, Bromides of ... . 7G4 

Carbon. Chlorides of . . . — 

Tetrachloride 706 

Trichloride . , . . . 7G6 

Dichloride 7G7 

Protochloride 7G8 

Carbon, Chlorobromide of . . , — 

Carbon. Detection and Estimation of . — 

Atomic weight of Carbon . . 7G9 

Carbon, Iodide m 770 

Carbon. Nitride of . . . . . — 

Carbon, Oudea of — 

Dioxide or Carbonic anordride . 771 
Liquid Carbonic anhydride — 

Solid Carbonic anhydride . . . 772 

Carbonic acid 

Protoxide or Carbonic oxide . . 778 

Carbon, Oxychloride of; Phosgene . 774 
Carboi^ Sulphides of; 

Disulphide 775 

Protoaulphide 777 

Carbon, Sulphochloride of . . — 

Carbonates .... . 778 

Carbonate of AJnminium . . 779 

Carbonates of Ammonium . — 

Carbonates of Barium, Bismuth. 

Cadmium, Calcium . . . 780 

Carbonates of Cerium, Chromium, 
Cobalt .... .782 

Carbonates of Copper . . 783 

Carbonates of Didymium and Glu- 

cinum 784 

Carbonates of Iron: 

Ferric Carbonate .... — 

Ferrous Carbonates . . 785 

Carbonate of Lanthanum . — 

Carbonates of Lead .... 780 
Carbonate of Lithium . . • 787 

Carbonates of Magnesium — - 

Carbonates of Manganese, Mercury, 
Nickel ..... 789 
Carbonate of Palladium . . .790 

CartMHiates of Potassium : 

Dipotassic or Neutral carbonate . — 

Mono-potaasic or Di-add carbo- 
nate 791 

Seaqoicarbonate • . • 792 

Carbonate of Silver . . — 


Carbonates; 

Carbonates of Sodium ; 

Disodic or Neutral carbonate . 799 
Monosodle or Dl-acid carbonate . 795 
TettMpdie or Sesquicarbonate , 796 
CarbsilMA of Sodium and Potassium — 
Carbonate of Sodium and Calcium . 797 
Carbonates of Strontium, Thorium, 
Uranium 

Carbonate of Yttrium , . 798 

Carbonates of Zinc . 

Carbonate of Zirconium . . 79U 

Carbonic acid and anhydride (p. 770), 
Carbonic ethers 

Carbonate of Ally! . , . 800 

Carbonate of Amyl 
Carbonate of Ethyl 
Tetraohlorocarbonic ether 
Perchlorocarbonic ether 
Carbonate of Ethyl and Potassium 801 
Carbonate of Methyl and Barium 
Carbonate of Metliyl and Ethyl 
Carbonate of Phenyl and Hydrogen 
Carbonate of Tetryl (or Butyl) 
Carbonitrotoluylic acid . * . 

Carbonyl ... . , 802 

Csrbopyrolic acid , 

Carbostyril . 

Carbotbiacetonino . 

Carbothjaliliiie 
Carbotriamine 

Ourbometbyltrinmino 
Carbotriethyltriamine 
Curboph eny I tria mine 
Carbotnphenyltriainino 
Carbovinic acid Ts Carbonic ethers, p.80i). 
Carbovinomethyllde (syn. with Carbo- 
nate of Ethyl and Methyl, p. 801). 

Carbuncle 808 

Cnrbureic acid (sya. with Alloplmniu 
acid, p. 132). 

CarbyJ, Sulphate of (syn. with Ethiotiic 
atiliydrido). 

Garduiiiiiie amara . . 

Cardamom oil 
Canlol .... 

Cnrcx 

Carica papaya 
CaricH (s. Bone, p. 623). 

Carinthin 
Carmidino 
Canninaphtba 
Carmindm 

Carmine, Carminic acid 
Carminite, Carmine spar 
Carmufellic acid . 

Carnallite.— Carnat ' . 

Carnaoba wax 
Camelian 
Caroluthin 

Carotin .... 

Carpboiito 
Carphosiderite 
Carpbostilbite 
Carpobalaamum 
Carrolite 

Carragheen moss (a. Caragbeen moss, 
p,747). 

Carrot .... 

Carrot, oil of • • « 

Garthamin • • • 

Cartilage ... 

Carvene, (Tarvol, and Carvacrol 
CaiyopbylUc acid (a EugetiJc acid). 


804 


805 


806 

807 


m 
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Oaiycph^Uin . • « . 

Cascawo . • • . 

Gascarilla bark • • • 

Caacarilla, oil of . . • 

GascariUm 

Case-kardeniDg . . . « 

Gaaetn 

Casein, vegetable (a. IiOgunun)* 
Cassava . I . . . . 

Cassell -yellow (s. Lead, Oxychloride < 
Cassia caryophyllata 
Cassia cannamoiiea • • 

Cassia fistula 

Cassia buds 

Cassiin 

Cossiterite . ... 

Cassiterotantalite .... 
Cassius, Purple of . 

Castolnaudite . • • . • 

Ciutilloya elustica . • . • 

Cusline 

Castor 

Castoreum 

Castorin 

Castor oil 

CiJatalysia . . • « . 

Catapleiite 

Catawbarite . . . • • 

Catechu 

Catechine ; Catechucic acid . 
Catechu -tannic acid. 

Gatha edulis .... * 

Cathartiii • • • . . 

Cathode, or Kathode 

Oatlinite 

Cat’s eye 

Caulophyllin . . . 

Causticity . . i . . 

Cavolinite (s. Elaeolite and Nephelin). 

Cawk 

Cedar, Oil of 

Cedrene 

Cedrin (s. Cedron). ^ 

Cedriret 

Cedron 

Celestin (s. Coelestin). 

Cellulic acid (s. Pectic acid). 

Cellulose 

Solution of Cellulose 

Celtis 

Cement 

Cementation 

Cement Copper .... 
Centaurin (a. Gnicin). 

Oepiialis (s. Ipecacuanha). 

Ceradia fuscata .... 
Ceraic acid • • . . . 

Oeridn 

Cerancephalote (s. Cepliulote). 

Cerantic acid 

Cerasin 

Ceraaus 

Cerate 

Ceraunite fs. Xephrltv). 

Cerealin 

Cereals 

Cerebrio acid 

Cerebrln 

Cerebrcd 

Cersbro-spinal fiuid 

Cerebrate 

Ceric acid 

Cerin , 

Carioe (a Orthite). 


809 Cerinin 

— Oerite 

— Cerium 

— Cerium, Bromide of . , . 

— Cerium, Chlorides of . , . 

— Cerium, Detection and Estimation of 

810 1. Keactions ... 

2. Quantitative estimation 

813 8. ^paration from other elements 

. 4. Atomic weight . 

— Cerium, Fluorides of . . . 

— Cerium, Oxides of , 

— Cerous oxide .... 

— Ceroso-ceric oxide , 

814 Ceric oxide .... 

— Cerium, Oxygen-salts of , , 

— Cerium, Phosphide of . . , 

— Cerium, Selenidti of . . , 

— Cerium, Sulphides of . . . 

— Cerolein 

— Cerolite, or Kerolite . . , 

— Ceropic acid 

— Cerosic acid ...... 

815 Cerosin 

— Cerotene 

— Cerotic acid 

— - Chlor(x:erotic acid . . . 

816 Cerotic ethers : 

— Cerotate of ethyl 

— Cerotate of cervl ; Chinese' wax 

817 Cerotin (p. 838), 

— * Cerotinone 

— CeroxylJn; Palm-wax , 

— Cerumen of the ear ... 

818 Ceruse (s. Carbonates of lead, p. 786). 

— Cerusite (p. 786), 

— Cervuiitite 

— Ceryl, Hydrate of; Ckrylie alcohol, Cero 

Hu 

— Cetene, or Cetylene . , 

— Cetic acid ..... 

— Cetin 

Cetraria (s. Lichens). 

— Cetraric acid 

— Cetyl 

Cetyl, Acetate, Benzoate, Bromide, Buty 

rate. Chloride, and Cyanide of . 

— Ce^l, Hydrate of : CctuUc Alcohol 

820 Ethal . . . . . 

— Cetyl, Iodide of ... . 

— Cetyl, Nitride of (s. Cetylamine). 

,822 Cetyl, Oxide of: CctyUc ether 

Cetyl -ethyl -oxide , 

^ Cetyl -sodium oxide. 

1^ Coty], Stearate of . 

' — Cetyl, Succinate of 

— Cetyl, Sulphate (acid) of: Cetyl- 9nljf>hun 

— acid 

Cetyl, Sulphide of . 

— Cetyl, Sulphydrate : Cetylic Mercaptan 
823 Cetylamines : 

— Tricerylamine . . 

Cetyl -phetiylamine . . 

Cetyl-xanthic acid .... 

— Cevadic acid ..... 

— Cevadin: Hordan .... 

829 Ceylanite,or Ceylonite . 

— Chabasite ..... 

830 Cbasropbyllum .... 

— Chailletia toxicaria. 

— Chaloanthite ..... 

— Chalcedony , , . . . 

— Chaleodite 

Chalcolite (a ITraaita). 
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ChaWphac*to . ... 

ChalcophvUite (s. Copper mica). 
Chalcopyrite (a. Copper pyrites). 
Chftk'ostibite ..... 
Chalcotrichito .... 

Cbalilite 

Chalk ...... 

Chalk stones. — Chalkosin 
Chalybeate waters. — Chalybito 
Chanittleon mineral . . . 

Chamierops humilia 

Ohamoisite 

Chamotte ..... 
Champa^e wine .... 

Chantonite 

(^hara foetida 

Charcoal (s. Carbon, p. 759). 

Chathamite 

Chavica offlcinanim 
Chav, or Chaya root 
Choese ...... 

Cheiranthns Cheiri .... 

(’helcrythrin 

Chelidonic acid . - . 

Cliclidonine 

i'helidoninic acid .... 
Chclidoxanthin . . , . 

Chemical affinity .... 
Distinctions between Chemical Com 
pounds, properly so called, and 
Mixtures or Solutions: 

1. As regards proportion: Law 

or MlJLTIPLBEa . . • . 

2. As to the character of the pro- 
duct 

3. As to the phenomena which 

accompany ttie formation and 
decomposition of chemical com« 
pounds 

Different orders of chemical com- 
pounds ..... 
Formation and decomposition of 
chemical compounds 
Formation of compounds by di- 
rect union of elements 
Formation of compounds by trans- 
formation of previously exist iiig 
compounds : 

X. By Heat .... 
n. B 3 * Klectricity . 

Ilf. By the action of another 
substance, simple or com- 
pound : SOBSTITUTIOJC 
axD Double Df.comi’O- 

aiTTOIf .... 

M^itnde or strength of affinity . 
Circumstances which modify the 
strength of affinity; 

1. Klasticity and Cohesion 

2 . The relative quantities of 
the acting subsUnces . 

Berthollet's law 
Bnnsen's law . 

Debus’s experiments 
Gladstone’s experiments . 
Blataguti’s experiments . 
Margueritt#i^xperiment 8 
H. Kose*s experiments . 
Theories of chemical action . 
Chenocholalic acid 
Chenocbotic add « 

ChenooopniHlB • 

Chenopodinm. • 

Chert • • • 


PAGE 

8^5 


846 


849 

H50 


851 

802 

8.03 

854 

8r>.5 

808 

859 


8<;o 

861 


863 


864 

867 


860 


871 

872 

873 


874 

875 


with Tetra 


808 


PAOB 

Chef sylito (s. CarbonatM of Copper, p. 784). 
Chesterlite (s. Felspar) 

Chestnut 868 

Chiastolite — 

Chica . , , , 

Childrenite . 

ChiloTte (s. Gdthite). 

Chillonite (a. Frchnite). 

ChinoHne 

Salta of chinoline , 

Alelhvl-ohinoline . 

Kthyl-chiiioline 
Amyl-chinoHne 
Chinone. — Cliiolito 
Chitin .... 

Chiviatile 

Chladnito (s. Meteoritea). 

Chioanthite. ... 

Chlocarbethamide (syn. with Triehlo- 
racctamide, p. 6 ). 

Chlorocetainic acid fayn. 

chloracot amide, ji. 6 ^ 

Chloracetif acida ; 

Moiiochloracetic acid 
Triohlorarrtic acid . 

Chloracetonea (s. Acetone, p. 29). 
Chloracctonitrilo . . . , 

Chloracctyl .... 

Ciiloracetyphido . . . , 

Chloral 

Mctachloral .... 

Chloral, Atuviic (s. Chloramylal). 

Chloral, Moaitic . . *» 

Chloral, IVopioiiic . • 

Chloralhin .... 

Chloralilchydea .... 

Chloride of tricliloracefyl, or Per- 
chlorinainl acetic aldehyde 

Chloral ide 

ChloraloYt 

Chloralurlc acid .... 
Cbloramvlal ..... 

Chloruiiil . ^ 

Chloraniliimic acid Quin„„(, and 
Ui oran. amide ^ (iuii.oaic acid). 
Cliloranilunimone ' 

Cliloratiilic acid 
Chlornniline (s. IMivnyl-miinc). 

Cliloranisic acid (a. Ainau: arid, p. 302) 
Chlorastrolite .... 

ChluratcH 

Chlorates of Aluniininin, Anmio- 
nium. Barium 

Chlorates of Cobalt, Ctmjwr, Leadi 
Lithium, Magnesium, Manguiieso, 
Mercury . 

Chlorate of Nickel . 

Chlorate of I’otasaium 
Chlorate of Silver . 

Chlorate of Sotiium 
Chlorates of Strontium, Uranium# 

Zinc . . . . , 

Chlorhydrie or Ilydroclrloric acid 
Chlorhydric ethers (p. 897). 

Chlorhydrins 

Chlorhydrophcnide (a Pheno l). 
Chlorhvdroproteic add . 

ChloriJes : 

1. Metallic chlorides 

2. Chlorides of Orgauo • metallic 
radicles .... 

8 . Chlorides of Alcohol-itulicles 

4. Chlorides of Aldehyde-radicles 

5. Chlorides of Aeid-radiclee . 


877 

879 


880 

8is2 


888 


884 

885 


^86 

887 

889 


890 


894 


807 
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Cblorindatmite * 

Chlorindin (s. Indin). 

Chlorine : 

Antichioristic theory 
ChloriDe, Detection and Estimation of : 

1. Keactions , ^ . 

2. Quantitative estimation . 

8. Separation from other eJements 
4. Atomic weight . 

Chlorine, Hydrate of . . . 

Chlorine, Oxides and Oxygen-acids of 
Hypochlorous acid and anhydride 
Hypochlorites 

Chlorous anhydride, acid, and salts 
Chloric acid and salts 
Perchloric acid and salts 
Perchloric oxide and Euchloriife 
Chlorine, Sulphides of . 

Chloriodoform . . ... 

Chlorisamic acid and Chloriaamide (s. 

Isamic acid and Isamide)* 

Chlorisatic acid (s. Isatic acid). 
Chlorisatyde Ghlorisatydic acid (s. Isa- 
tyde and Isatvdic acid). 

Chlorisatin ^s. Isatin). 
Chlorisatosulphites (s. Isatoaulphites). 

Chlorite 

Chlorite earth; Chlorite, ferrugi- 
nous ; Chlorite-slate ; Chlorite- 

spar 

Chlorites . . . . 

ChloritoYde 

X^hlorohenzaldido (a. Benzoyl, Chloride 
of, p. 566). 

Chlorobenzamide(s. Benzamide, p. 640). 
Chlorobenzene (s. Benzene, p. 543). 

Chlorobenzil 

Ghlorobenzoic acid (s. Benzoic acid, 

p. 666). 

Chlorobenzol (s. Benzylene, Chloride of, 
p. 697). 

Chiorobenzonitrile (s. Benzonitrile, p. 
663). 

Chlorobenzophenide (p. 654). 
Chlorobenzoyl, Chloride of (667). 

Chlorocaffeine 

Chlorocamphene (e, Gamphene, p. 724). 
Chlorocar^o-hyposulphnric acid, eyn. 
with IVichloro-methylsulphurous acid 
f see Methyl). 

Chiorocarbonic acid (p. 774). 
Chlorocarbonic ethers .... 
Chlorocerotic acid (s. Cerotio acid, p. 
887). 

Chlorodnnamic acid (see Cinnamic 
acid). A ' 

Chlorocinnose (s. Cinnsmyl). 
Ghiorocliloric acid ..... 
Chlorocomenic acid (s. Gomenic add}., 
Ghlorocumene (see Cumene). 
Chlorocumlnol (s. Cuminol). 

gJSSSSiS" 

Ghlorodraconesio add fsyn.wlth Chlora- 
nisio acid. See Amsio add, p. 302). 
Ohlorodraconyl ..... 
ChlortBniuitbic acid (s. (Enantbic add). 

Chloroform 

SolttlAUtyofalkalfllda in chloroform 
CUoioformTl-hyposalphurk add (^. 
with Didiloromethylsalphiiroiia am 
Sea Methyl). 

Chlorogenic acid (a. < 

7W\ 


, 900 


902 
. 903 
904 


906 

907 

908 

909 

910 

912 

913 


mciB 


914 

915 


siS 


917 


919 


Chlorogenin 

Ghioromelal . . . , . • 

Chioromelane (s* Cronstedtite). 
Chloromelaniline .^^s. Melaniline). 
Chloromercurates • . • . . 

Cfaloromesit ate of Methylene 
Chioromethylase 

Chloronapthane (s. Naphthalene). 
Cfaloronapbthaiic acid (a. Naphthalene, 
Chlorine-denVatives of), 

Chloroniceic add 
Chloropal 

Chloropatladatcs — 

Ghloropalladites — 

Chloropalmitic add (s. Palmitic acid). 
Chloroperchloric acid .... — 

Ghlorophoeite 922 

Chloropbasnerite — 

Chlorophane — 

Chlorophenesic acid\ 

Ghlorophenisic acid I- (s. Pbenic acid). 
Ghlorophenusic acid) 

Ghloropheny] ..... — 

Ghiorophosphide of Nitrogen (a. Nitro- 
gen). 

Chlorophyll , 

Chlorophyllite 

Ghloropicrin 923 

Bromopicrin 
Cbloroplatinates 
Ghioroplatinites 
Ghlororhodates 

Chlorornbin (a Rubin and Madder). 
Chlorosalicin (a Salicin). 

Ghlorosaligenm (s. Soligenin). 

Chlorosaraide (syn. with Hydride of 
Cblorosalicyl ; s. Salicyl). 

Chlorospinel — 

Chlorostiychnine (a. Strychnine). 
Chlorostyradn (a Styradn). 

Chlorosuccic acid 924 

Chlorosuccinimide fa Succinimide). 
Chlorosulpburic ada (s. Sulphury 1, Chlo- 
ride of). 

Cfaloroterebene (s. Terebene^i 
Chlorovalerisic and Chlorovalerosic acids 
(s. Valeric acid) 

Chloroxalovinic acid (a Ihcalic ethers). 
Chloroxametliane (a Oxamic ethers). 
Chloroxethide (a Oxalic ethers). 
Ghloroxethose .... 
Cbloroxynaphthalic acid (a Ox 3 *naph< 
thalic add). 

Choohoca 

Chodneffite (a Cr^'olite), 

Cholacrol 
Cholalic add . 

Choleic add . 

Cholesteric add 

Choleaterin 926 

Cholestrophaiie r . . • , 926 

Cholic acid . 

Cholochrome 927 

Choldhhromic add 928 

ChoIoIdanJc acid 929 

Cbololdlc acid 
Cholonic acid 
Ohondrin 
Chondrodite . 

Cbondro^ . 

Choadioftes . 

Chonkrite 
Chrisnatin • 

Ghristianite (s. Phillipsite). 
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lomatos 

ChromatM of Ammonium 
^Chromate of Barium 
■Chromate of Bismuth 
i^hromate of Cadmium • 
Chromate of Calcium. . 
Chromate of Calcium and Fotoi 
slum .... 
Chromate of Cerium 
Chromate of Chromium . 
Chromate of Cobalt . 
Chromates of Copper 
Ammonio-chromate 
Chromate of Copper and Potas- 
sium 

Chromate of Glucinum . 
Chromate of Iron . 

Chromates of Lead : 

Neutral chromate 
Di- basic chromate 
Sesquibasic chromate 
Chromate of Lead and Copper 
Chromates of Lithium, Magnestnin, 
Manganese, Mercury, Molyb* 
denum. Nickel . . . . 

Chromates of Potassium . 

Neutral chromate 


Acid chromate 
uyperacid chroi 


Hyperacid chromate . 

. Chromate of Potaa^nm and Am- 
monium* . . . 

Chromate of Potassium with Mer- 
curic chloride .... 
Chromate of Potassium with Mer- 
curic cvanlde .... 
Chromochloride of Potassium 
Chromates of Silver 
A mm onio-cb romate 
Chromates of Sodium, Strontium, 
Tin, and Uranium 
Chromates of Yanadlum and Yttrium 
Chromates of Zinc .... 
Am monio-cli romate 
Chromate of Zinc and Potassium 

Clirome-alura 

Chroisie-green 

Chrome-iron ore « • 

Ohrome-Jinica . . 

Clirome-<^ri 

Chrome-red and Chrome>yeIlow . 
Chromite (s. Gbrome*iron ore). 
Chromites (p. MO). 

Chromium 

Chromium, Bromides of. 

Chromium, Chlorides of : 

Protochloride 

Sesquichloride 

Chromium, Detection and Estimation of : 

1. Blowpipe reactions . 

2. Reactions in solution , . . • 

8. Quantitative estimation 

4. I^paration from other elements . 
6. Valuation of Chrome- ores . 

6. Atomic weight of Chromium 
Chrohiium, Fluorides of 
Sesquifluoride . « 

Trinooride . . « • 

Cbromiam> Iodides of . • • ■ 

Chromiiim, Nitride of . • • ^ 

Chromium, Oxides of: 

Protoxi^ or Chromous oxide 
Chromoto^chroniic oxide ^ « 

Sesquioxide, or Chromic oxide 

Chromic hydrates . ■ • 


Chromianiy Oxides oft 

C&romio salts • • « • 

Chromites 

Compounds of Chromio oxide 

with Ammonia . , . 

Brown oxides of Chromium, or 
Chromates of Chromium . . 

Trioxide, or Chromic anhydride . 

Chromic acid . . • « 

Perchromic acid . . . . 

Chromium, Oxychlorides of . 

a. Compounds of sesquioxide and 
sesquichloride of chromium . 
6 Chlorochromic anhydride . • 

Chromium, Ox^vgeii-saits of . . . 

Chromiu^, Phosphide of . . . 

Chromium, Sulphides of. . . . 

Chromotartaric acid .... 
Chromule (syn. with Chlorophyll). 
Chryiodino . . ... 

Chrysainido 

Chrysaniidic acid 

Chrysainmic acid 

Ohrysanilic acid 

Chrysanisic arid ..... 
Chrysanthemum segetum . . • 

Clirysatric acid . . , . ' , 

Ohryseno 

Chrysobcrvl 

ChryHocolla 

Chrysohannine (svn. with Kitroharmine). 
Chrysolopic acid (syn. with Picric acid). 

Cliryaolite 

Cliryso|>hane (s, CliiUonite).. 

Cliryso[)hanic acid 

Chrysoprasi) 

Clir^'soprufte ourlh (a. Pimelito) 
Clirysorlianmiii.— Chrysotile . • 

ChularioHO . . ' . 

Chusite (s. Olivine). 

Chyle 

Cliynio . 

Chymosin ...... 

Chytophvllite 

Cbytostilbito 

Cibotiuni ...... 

Cieer 

Cichorium - 

Ciciitiiio 

Cider . 

Ciiniclc a<’id 

Cimmol (a Cinnamyl, Ilydrido of, p. 990) 

Cimmjyl 

Cimolite 

Cinacrol 

Cinsbena, . . • • • • 

^Oiephane, Cinayphene, Cimephone • 
Cinchona barks : 

Occurrence 

Varieties 

Comp^>sition . . . ■ • 

Reactions . . . . • 

Estimation of Alkaloids . . * 

Cinchona- re<l . . 

Cinchona- tannic acid (s. Quitiotatinic 
acid). 

Cinchoneline 

Ctnchonicine ..•••• 
Cinchonidine 

Saits efOtnehonidine 
_ HethylHdiichmiidina , • • 

^%{iichoii|lie . . • « • « 

BeMBtnehopiM . • « « 

SoIttorpiiMliosftie. « • 
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978 


979 


981 

982 

983 

985 

986 

987 


988 


989 


pAoa 

C^lld|,ol|^lle; 

Brominated and Chlorinated Deri- 
Tates of Cinchonine : 

Bromocinchoniiie 
r Sesqai'bromocinchonine . 
D^bromocinchonine • 

* DichMlrocmchoiiihe . 
lodocincbonine ... 
DerivatiTes of Cinchonine contain 
ing Organic Kadicles : 
Benzoyl-cinchonine . . 

Methyl-cinchonine . 

Cinchovatine . . . 

Cinnabar (& Mercury). 

^CiiiiMtnbin 

Cinnanfen^ or Styrol . . . ^ 

Metaoidnamene • . • 

Bromide of cinnamene 
Kitrocinnamene 

Cinnamic acid. .... 
Ginnamates .... 

Cinnamic ethers : 

Cinnamate^of Ethyl . 

Cin namate" of Methyl 
Cinnamate^ of Cinnyl ; Styracin 
Bromocinnamic acid 
ChlMrocinnamic acid • 

Nitrorinnamic acid . 

Nitrocinnamic ethers 
Cinnamic alcohol (a. Cinn 3 dic alcohol, 
p. 992). 

Cinnamic aldehyde (s. Cinnamyl> Hydride 
. of. If. 990). 

JsCinnamic anhydride 

Nitrocinnamic anhydride 
Cinnamide ..... 
Nitrocinnamide 
Phenyl-cinnamide . 

' Nitraniayl-cinnamide, or Cinnitra< 
nisidinQ . ... 

Cinnanilide (a. Cinnamide). 

Cinnhydramido .... 

Cinnamon, Oil of, and Oil of Cassia 
Resins from cinnamon oil 
Cinnamon-stone .... 

Cinnamyl . . . . 

Cinnam^’l, Chloride of . 

Citinamy], C^'anide of . 

Cinnamyl, llj'dride of . 

Compound with Hydrochloric acid 
Compound with lo'dine and Iodide 
of poLissium - . . ’jr ““ 

Com^und with Nitric acid . 
Compounds with Acid sulphites oflM 
alkali -metals . . . — 

Hydride of Tetracbloro-ciniiamyl . 
Cinnj*! . . . • . ■ 

CinnVlio lucohol ; StyronB . , . 

Cipoiino . . . . . 

Cissampeline (s. Pelosinc). 

Citraconamides and Citraconaniiides (s. 

Citraconic acid. Amides of). 

Gitracohic acid . . 

Citraoonates .... 

Oitraconic acid. Amides of : 

(^raoonamide . . 

^traconimide . • • ^ • 

Fbenyk’itracoiiimide^ or Gitrs 
eonanil .... 
lodbpbenykitneonimide . 
Dinitropiienylcitmcbiiimida. 

Ciiraeonamic acid . 

Phenyloitraoonan^B and Dinl' 
trophenylcitraomnuc acid 


990 


991 




992 

998 


Citraconic anhydride 
Citraconic, or Pyrocitric chloride 
Citraconic ether (p. 993). 

Citrumides^p. 1000). 

Citraconimide (p. 993). 

, Citraconiodanil (syn. with lodophenyl- 
citraconimide, (p. 993). 

Citrene . . . ' . 

Citric acid 
Citrates . 

Oxychlorocitric acid 
Citric acid. Amides of . 

Citramide 
Phenylcitramide 
Phenylcitrimide 
Phenylcitramic acid 
Diphenylcitramic acid 
Citric ethers • . • 

Citrates of methyl 

Citrate of ethyl . . 

Citridic acid (s. Aconitic acid, ^ 54). 
Citrilene (s. Citrene, p. 994). 

Citrin • 

Citrins . . . . . . 

Citroceric and Citrolic acids . . • 

Citrohianil, or Citrodianil (s. Citric acid, 
Amides of) 

Citrobianilic or Citrodianilic acid (s. 

Citric acid, Amides of, p 1000). 
Citroglycerin (s. CiCrins). 

Cihtimannitans 

Citron, Oil of (s. Citrus medica, p. 1004). 
Citrus Aurantium 
Citrus liergamia 
Citrus Bigaradia 
Citrus Limetta 
Citrus Limonum 
Oil of Lemon 

Hydrate of Lemon-oil 
H^'drochlorates Of Lemon-oil 
Lemon-camphor, or Citroptene 
Citrus Lumia . 

Citrus medica 
Citrjd . 

Civet 

Clarification . 

Classification . 

ClauBthalite . 

Clay 

Clay-slate 
Clay iron-stone 
'Ciayite 

Cleavage of Ciystals 
Cleavlandite' . . . 

Cleophane L . ' - 

ClemaUs-camjmoT . 

Clcmatitin 

Clinpnannite (s. Maigarite). 

Clinkstone . . 

Ciinocalm . 

Clinoclaae (a Abichite). 

Clintonite 
Clouds . 

Cloves, Oil of . 

Clovombrin . • f 

Club-moss (a LycopoMm). 

Cluthalite . . • 

Cold! 
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INDEX TO THE FIBST VOLUME. 


Cobdt 

Cobmltf Alloys of .... . 

Cobaltt Bromide of . . . . . 

Cobalt, Chlorides of . . . . 
Cobalt, Detection and Egtimation of: 

1. Blowpipe reactions 

2. Reactions in sointion , 

8. Quantitative estimation 

4. Separation from other elements . 
6. ViUaation of Cobalt- ores . 

6. Atpmic weight of Cobalt . 
Cobalt, F4urthy ..... 
Cobalt, Fluoride of ... . 

Cobalt, Iodide of * . . 

Cobalt, Oxides of 

Cobalt, Oxysulphide of . 

Cobalt, Oxygen- salts of 

Cobalt, Phosphides of ... . 

Cobalt, red 

Cobalt, Selenide of 

Cobalt, Sulphides of . . . . 

Cobalt-bases, Ammoniocal 
Diammonio-eobaltic salts 
Triammonio-cobaltic salts 
Tetrammonio-cobaltic or Fusco co- 

baltic salts 

Pentammonio-cobaltic (Uoaeo- and 
Purpureo-cobaltic) salts 
Kitroso - pentammonio - oobaltie or 
Xantbo-cobaltic salts . 
Hexanimonio cobaltlc or Lutoo-co- 
baltic salts . . . . . 

Ammonlo-percobaltic or Oxycobal- 
tie salts . . . « 

General formulsa 'bf the Ammonia - 
cal Cobalt-compounds . . • 

Cobalt-bloom 

Cobalt-blue 

Cobalt-glance (s. Cobaltiue). 

Cobalt' green 

Cobaltine . . . 

Cobalt-mica (s. Cobalt-bloom). 
Cobalt-pyrites (s. Cobalt, sulphides of). 

Cobalt-vitriol 

Cobalt-yellow 

Coca.— l>>cal[ne 

Cocatannie acid V— ^ 

Coca-wax - /see Coca . . . 

Coodn. — Cocclnii^ . . . . 

Cocoinitic acid.-^iidocciiionic acid . 

Goocodea Tlridts 

Cthscognie acid . . . . • 

Coccolite 

Coccoloba 

Cocculisi Y«r Picrotoxin). 

Cocxnlua indicos , . • > • 

poccuaic acid 

Cochineal • . • ^ • 

Cochineal-red . . . . 

Cochlcaria.-^Cocblearin . . . > 

Cocinic acid 
Oocinin • • . . 

Gocinone . . • . - • 

Goooa-nut oil 

Codeine 

Saits of Codeine . • . ■ 

Substitution produpU : 
Bfbmocodetae . . 

TribromocodelDe .... 
Chioroeodetne .... 


Codeine 

Substitution-prod nets : 
Cyanocodeiiio . , . 

Kthylcodeine . . . ' 

lodocodeine 
Nitrocodeiue 

Goelestin 

Ccelocline 

Cccnilicacid . , . . 

Ccnrulin 

Cofti>e . . , . 

Coffee-leaves 

<.:olfein6 (s. Caffeine). 

Coanac 

Cohobation • . • ^ 

Cohesion and Adhesion . 

Colchiceine . , . . v 

Colchicine ..... 

Ciilcliicum 

Coleothar . . ^ . 

Colletiin 

Collidine 

Kthyl-collidine . . . 

Colli nic acid 

Collinic aldehyde .... 
('ollodion . . . . • 

8 ollyl, Hydride of . 

ollyrite 

Colocynthin 

Colocynthitin 

Colombic acid. — Coloinbin • . 

Colombo root . . , • • 

Coloplia n 0 . — Col ophene.— Oslopbilene 
Colopholic acid . , • . 

Colopbonic acids * , . • 

Oolophonito 

Cu]o|jlionoue • t , • • 

Colophony . . . • . 

Colorimeter 

Colorin ...... 

C(»lo8trum 

Colour. — Colouring matters . • 

Columbitc. — Columbium . . 

Combustion 

Conditions of I nflammability . 
Nature of flame • • . . 

CiiiiHei which modify and oxtinguidi 
combustion , • • . 

Comenamotbane .... 
Coinetiamic acid .... 
Comenic acid ..... 
Comenutes .... 
liromoeomcnic acid 
Citlorocomenic acid • 

Ktliylcomenic acid • • 

Comptonite . • • • . 

Concentration • • . • 

Conch iolin . . * . * : * 

(^cretions, Animal • • 

Condensation . . • 

CondrtHJUe (a. Chondrodits). 

Contlurrite » • , . • 

Conglomerate • • • • 


ADDENDA. 


Acetylene 
Aliyiene . 
Cmuin . 
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